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'bar = Barometric Pressure 
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C . a. 

~ ~ b i ~  1.2. LOCATION OF T%Ai/'=,RSE POINTS IN CIRCULAR STACKS 

t (Percrnt of stjck diam:t~r f - z n  inside wall to traver* pain:) 
l _ _ _ _ _ _ _ _ _ l l _ _ . _ _ _ _ _  .- --- - ---- - -.--- . - ______._ _____-- 
i r ~ . < e r ; e  I 

m : n :  1 I rbv>:r . L..-..---......,-, . - = .-- , 2  :7 -.,; 9?, A c1a-?:?r 
on rr i ----..-A -- 

d 

.. I 

I 
i . . -  . .  " 

I 
12 1 

! 
1 :  I 

i 1; I 
1 3  1 I :. _ , - .  . : f  . s f >  . :, ; - ,  

, , , - . - . -  , 1 . .  

I "  

! 

2 3 

2.3 1 .2  S:acks C:;,-;i.::,rc ' - . , - a  ....-.-a , L C  

or t,(,\\ Tk?.fl 3 61 :z !24 1.7 j. F?;/CA I!?? ;rc. 
c r l i i rc  in SrcLion 2.3 ! 1. no:;;:; cr.i j  Lh&! 
a!?? ' adj'dslcd" pc!rl:i hhoo;d 7 ;  : - i x a i r d  
&way frcir, :PIP s i ~ i k  tr-2:;s i c  c i a d.sLzr,:? 
of 1.3 cm (0.55 In j .  o r  !ir 3 6:~::.3i r q ~ s !  ~3 

Lhr nozzir insiLe d~arr.cL?r. %k;<!it.ver IS 

Ia:pt-r. 
2.5.2 Rccbr t&~!u  S ix& .  Set?:-2r.ine t::r 

number of t rzverw points = e x p l a l ~ t d  1:: 
Sections 2.1 m d  2.2 cf Lh!s me??,cd, ftc:?. 
Tabic I-I ,  defcrmlnc t h e  2:id ccn:;~d:aticr:. 
Divide t h e  strck crcss-secticn !zts ui z z n y  
equal rcctanfllsr  e:emental s :r3- 
verse points, m d  then  toca?e a traverse 
polnt at the  c=n:roid of e x ? .  eql;al ares r c -  
cording t o  Lhe c r u n ~ i l e  in Figure ii. 

If t h e  tester desires Lo use m5re than  the 
mlnlmum number  of t r a v t r s ~ '  p i n t s .  
expand t h e  "mlnirnurn number of traverse 
points" mstrix'tsee T A ~ ~ c  I-: ) hy  ~23 i :ag  the 
extra LrPverse ~ L i t s  3i0xg on: or ;he GL.I.cc 
or both 1- of t h e  matrix: t h e  i!na: ir.a:ri:: 
need not be bo?mced. For exmp:e .  If r 4 x 3  
"mlnlmum number  of polnb: matrix =ere 
expanded Co 96 points. t h e  !lna! ma!rix 
could be 9x4 or 12x3, =d would R ~ L  nu%. 
srr:ly have to Se 6x6. After mrs t ruct lna  t h e  

( final matrix. dlvlde Lhc stack crcuiari!~:. 
into as many equal rect;cr.,nu!sr, e!erner.t;2 
areas a; traverse points. wnd locate a trn. 
verse polnt at t h e  cenLrold of erch equal 
u e s .  

-. 
L . I , :? :;t:z!~o~? c.' ;rzkir32 ;:,,-.:,. ;:;:< ;a2 

close t o  Lhr S:ac:; '2;a:!s IS 3s: ?::;?::rd LC 
arise '&i! t~  rrclanyular sincks, if 12:s prob. 
; c c  sshsu!d cvrr rr isr .  t h t  A2.~;.?:s:ratcr 
niuri !be c ~ r ~ l a c l ~ d  for resoiui!-;: of ~ h c  
rnat;zr 

2.4 Verification of Absencc cf Cyc:ontc 
Flow. i!: mosl smtlonari. sources. 1!1? dir r r -  
Lion of slack g ~ s  llou is ?.sscnl;aiiy ~at:~!i,.i 
to t h e  srack wal!s. Hou.r:.er. c;..clon~c flow 
rnay exis; ( 1 )  aflcr such drtices us cscicnes 
and i~:ertl&l dem~sters  foilou.ins vcnturi 
scruSttrs .  or ( ? I  In stacks having tangen:l;l 
in lek  or o ther  duct confiyurnt~o?.  which 
teed LO ~ n d u c e  swirling. in these :mtanccs. 
Lh? pr-sencc or absrncr c: c:ic:onic liou 2: 
the  sarnpllng location rnusl bc beccrrntned. 
The fo:iovfino trcb.r.iques are ~ c c c p u b l c  lor 
t h u  determination. 

k v e l  and zero Lhe manometer. Connect a 
Typs S pltot tuSc LO th?  nanon?eler.  Posi. 
t iox the  Type S p:LoL ; u k  3; esch : i l ierse 
win!.. i n  succc-sion. so tha t  the  p i ~ e s  of 
t h e  face openings of Ihe  pllo: tube are per- 
pendicular Lo t h e  stack cross-sectional 
p!ane: when Lhe T y p e  S pitct tube is in th!s 
position. i t  is at "0' reference." No:c the dlf- 
ferentinl prrssure ( A D )  read1r.g st ca'h tra-  
ven?  pcln;. If & null (zero) pitot rcadinp is 
obLs;nzb aL 0' rrference a: a given travcrze 
point. m accrptrble flow conaiticr: :x:s'J aL 

~ . .  

i:,; ,,.! :.; 5 ;  J - . . , .  i.." . .  . . . - , . . . . 
W I t L ,  Cl , ,<?5 , , I : ?  7 :  .%L:' . r : j j  ,.;' : : . ::, 
9 ~ , i ' :  3 '  ce"'ro,.: '30 c ; z ?  - r  i j  

L F 2 1  $r>:n: !! i .i<. ;;LC; : .?2<: : :  .- :. . : - 7 .  .. 
:I :.P::'.-T,C" ;u'L::T. 11:(. -,:: : : . : : 7  , : I ,L. 

;I? yau ang:?l. ::n!il :r 2 2 : .  ;--..:.:I; .: s:. 
[ X ~ R ? <  c?~:?r::;:y d:,z:?.!-.? z:?? r2r;r:. ::?< 
;z!, ;r  3 [  th.: r < ; : ~ ; i z : ~  g,?:!> i.:! :(I :->.c r>,~,:,- 
e , ~ !  d~:r:t, '+:~i:: L?.: n.;\i :~:7.7.!:.:.. ?.:-: 
3+:-1> ; ,?GI,:,:< z; i+Xh ti-:,ve-z+ :;I:-,:. c!>..: : -  
l a : ~  ' t . 4  -..%- . "-.< , - 7 ,  .u... .. 2: :p,c A:,.:c,-:., ,,:,:-2,. -:  , : ~  

Lv-.lg2 <, vi;:?~ ,or t3 t c  :::52 :--.r':: !c7 
...,, . ,.,,,- t: r,3 ?2:2!.::,1) WE-. :v::;:7t.:, 7-:,:. .:::: .. 
1: -. ,> , ,  ,, L >  v;2.(c; ,.,.= --.: . r  . ! - -  . - , - -  

, . . > / l i : _  .. i.., :....a1 
;ait:t. of ( 1  i s  prrSLCr Lhan 10 . 1P.t 0:cr:i: 
flnu ?onditi(jn in Lh? s:i:k ir U.,..__ -.--.-' . - _ .  - ' -  /..I ' 

ur;a aitc.rna:i;.r nclhoito!og:, s~L ' .? r :  I2 ;:r 
npprcrn! ol It?r Abm!nis l r~is r .  7::s: t- u::$,L 
Lo w r l j i n :  Rrc:IriiLr s;lr?.~!? ;.n: r.: !: r i .  . 
\ vrsr.:, 
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1 P n u c l p l r  a n d  Appl tcabt l r lv  

. & ,  ' 1.1 P~IIICIPIP ~ h c  a \ r r s g f 3  ua\ \CIDCII) 111 90 2 51 cm' 
1 stack IS d c t r r m l n r d  f r o m  t h r  KU dcn \ l l>  10 15 I 8 . n l  ' 
and f r o m  m r s s u r r r n r n l  of t h e  r\c.rnyr \c.loc 
I I V  h m d  u l t h  a Typc S cStausscfir~be o r  rr 
vrrse t ypc ,  Dl151 i u b ?  

1.2 Applicabr!it! This r n r t h o d  I< x!J?iira 
bll !or mcz=,tlrc.-v,n: c !  i ! ; ~  n.:c-raar r ' r ic r : :?  
o f  a ~u ?,:re&.- LC:: !3r QULT:I~!.:?.Y K Z i  

f l u u  
fhr> procedur? 1s r o l  suc!rcab!r a: mt.a 

,.- 61rrrrncnl s t t ~ s  u.h lch fa:! t o  rnc.t'l t h l .  c r ~ t t - .  
rl;r uf M e t h o d  1. Srr::on 2 .1  Also. tl11. 
m r l h o d  cannot bf. used for d1rrc.l rnr,A.\llrt 
m c n t  In cyclonic o r  surrlrnw 6iu str?an;. 
S,.rr 1011 ? 4 o f  Mn.t h o d  1 ht lou \ t.rru I(,  dq I I .? 

. . mlrrt. c y r : o ~ i l r  o r  u r r l i r , c  f l u u  r u i ~ d t l  IOI:.. 

H ' l1 t .11  ~ ~ n a c r r p l a b t t  condt l  inn.. I .X I~ !  a i l  f r 
~ l a l r : c  procr,durr.\. xubj r t r t  l o  ( t l r  apuro ta l  
of 1111. Adrn ln~b t ra ro r .  U . S  E n ~ ~ r o n m l ~ n t a l  
P r u l r r l r o n  Auvnc! mttq: b r  rrn;,!3:. q.6 lc  
mah, acrural.( [ i o , ~  r.??,, d1~:!~rr!::~:l!x3c\ 8.k 

ani;ic 5 o f  s u r ! :  a l l r r n a : ~ : ~ .  p rov  di::~.., > r # .  
I 1 .  l o  ln.sla;! ~!ra: ik!:-: ! in; ! z n ! ~ $  ' 2 :  10 cai 
(-:ila:t. ih !  lei:,: it?Iiim,.!r:( f l nu  rn:r s lo i  

1 :  
r t l ~ o r n ~ , t r : c a i l >  or t 3 :  rnbi: .  f c  anc:ht.r 

. . rnt~a-,;lrt~:n<~r#i . i t !  s: u !,,:t ! ,  . !1r  f ; o k  :h a< 
C I  pt:,?):, 

: 
2 A pf ia  r u i z  

S p t - r l f l r s f  IG:;, !cr ! h ~ .  appn-7.: :I\ ar l  E:! r!l 
b r l o u  A n \  o : i ~ r -  !h.?: ?LC, b!.c,:; 
dl  rron\:~:x~t,: , , , ; 3 1  -r! : c  ap;;:,, 7 ~ :  n :  t , , ~  
A d m t n l ~ r r a t o r ~  l o  bq r a p a b i ~ .  'i! rncr!!nk' I l l < .  
x p ~ . c : i ~ r a r r n n <  a111 bt ro!:!;.dr-r1.d ac:.rp!at l , .  

2 1 ' 1 j p 1  S I'IIOI Tt ib ,  '1!1t i \ > r  S IJI:III 
.( . 111ht 1F'lct;rt 2 I !  h t ~ a l i  128 n l :~. !~ G , !  rho l a i  

I ! :~D:: I ;  a t  \:airig,,. ,:, 1.i 1: I. 1 %  ( , : ? . , : ; : a  :!3 

I - . :  I 11 rIra1 1111. ( .XI ,  r r i ~ !  II::JIII~ cf;::n;r I !  r nl 

m,.!lxlnrt D. Frytirt .  2 2 ! : ~  bf. ba : k ( . t . ~ ,  ll 48  
a n d  tr 95 t,tarttmc,!c.rs t . s r ld  . !rrr.li, T l11 . r~  

( ? - hha i l  Di. a n  ,.qusl d l , \ tanrr  frrrrn 1 t i n  bx-n I * !  I 1  I 1.3rti l r c  o! !t11 pr101 1 ~ 1 , s  t o  I!., ia1.1 opt IIIIIL 

~ I A ! , , ~  ~ ~ t ~ l t ~ I ~ . S ~ L l ~ , . \  ?, P. F':k'i;r1 2 2 3  I1 
1 :  

1% r#.c.orr,rnrnc!#.d t t i a l  1 t 1 0 . ~  d t \ : : i~ i~  t b i .  5,  

I tuc-1.n 1 C 5  and I 5 d  :im...; t h ~  t . ~ ! ~ . r c a :  
11jbjt;z d : ~ r n , , ~ ,  I TIrv tx ,  c OI>O.I;I!IL,- 0 1  1 1 1 ,  

I ! . ;>,!I:: ti;L, .,!:z:i IIT~.!, r;,c;, b, aim;.: 8 c !  :I- 

\ l tr iwtt 11: J-'I~I:~,. 2 2 ~III ,A~.!~ r .:IC::I tI1152 
, . Irc:irni.!it. u l  t l l r  opt l.111c. a:, pvrc! r~\ lC!d~ 

I.WI Fisr~rn,  2 3 1 

TIII. T g p l  5 UI~,JI III?JI -11aIl l i a i t *  n k r l o u n  
cut.!!rr.l~.rit. d t . t ,~r : r ,~r :~.d a.. ori ; i ; t~, 11 ~n Sc t -  

t ~ o t i  4 a!) s i l t  111 : ! ~ r a l  : , a ! :  i ~ ~ ~ n i b q . :  ,I,A!! b~ ;i- 
a ~ ~ n ~ , t l  1 0  1 1 k t  ~ I I I ~ !  1:rh. l l \ ~ -  nllmt?, r \l\.ii; 
b#. I>t,rrnant r i l  I: ~lr?.rRt.~l u r  rnc'ra: f'd or1 Ill@ 
b t ~ $ l \  nf tt11- t ~ r b i .  

I 

T R A N S V E R S E  I 
I I 

TUBE A X I S  

! 

[ bi mL.- . , i:; i ---, -*= ~-%scP<-:< 
1 , . j:: I - 8 .  

Y -:L 

NOTE 

1 1 0 5  Dl. P 5 -  I 5 C  3,  

P A  : Pg 
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A slandard  tot l u b r  m a y  be used l n s t r a d  
or u Typr. S. p r o i i d r d  tha t  11 r n r r h  th:, 
~ ~ i ~ ~ c i f ~ c a l ~ o n s  of Secilon5 2 7 and 4 . 2 .  no lc .  
hnu.rvt.r. tha t  t h v  s :s l~r  a n d  InpBc! p r r s .  
-1rrr. h o l r \  o f  <tnndard c:tot l ub r3  art. cl;r- 
c , t .p t~bi r  to  p l t i ~ s i n i .  i n  par !~cu la le - laden  ilas 
. \ l r ramh T h r r r l o l . ~ ' .  .*P,e:irir.r a s tsndzrd  
n:tnl tube IS used l o  p r r f o r r n  a t r a v r r w .  ade. 
q l l r t t -  proof mus t  be fu rn ls tcnd  tha t  lhr 
ovc.ninun o f  t h r  p ~ t o l  t u b r  h a l r  1101 p l u g p ~ d  
t ip  d u r ~ n w  Ili+. t r a r r r s t  pcrlod. t h l .  can  bt= 
d o n r  b y  l l k l n ~  a v r l w ~ r y  h1.a3 ( A 2 1  readlnn 
rl Ihr final t rav r rs r  po ln l .  cleaning out Lhr 
I m p a r t  and  s t r t i r  h o l r s  of Lhr standard 
111to1 l u b r  b y  "back.purp lnr"  w l l h  pressur 
1~1 .d  a.r. and  Lhrn LRklnv a n o r h r r  L p  rcad. 
Inx.  Il the  b p  rrad~ne:. m a d r  b r fo re  arid 
al1t.r t h r  a l r  PIirgP arc i h r  Sam, . ' 5 0t.r 
r r n t  I L l l r  Lralersc I acrrpLaZIr. O i h e r u l s r .  
rmtrrt  th t .  r c n  ?tot:, ~ t :? !  II ~p ar :he 11naI 
l r h i r r z r  r,alnl I. LIPSLIL~S!> IOU. anof l i r r  
vo ln (  ma.: b r  sr l t . r rcd I f  " b a c k - p t i r e ~ n r '  a! 
r r a u l a r  Ir,:rri.a!k 13 sar: o! thf.  p r s r ~ i i ! ; r i ~  
L h r n  c o n v a r z : l i t .  ~p r rnc:ng% sha i l  t r .  
l a i i r n .  &< ~bl? \ ( . ,  lo7 I h r  l h q :  I w o  tar). p5crnl, \  
aL wh ich  suilaSI! h:gh 2 ;  rman:ng5 art. oo.  
t .rvrd 
2 2 D~ffcr<,r~id;.! ?~P:~Y!I~I, G a u ~ , .  .4z 11: 

l l n r d  tzarorno:,.: o r  , .~. i i :z : r i : r  d tm i i c r ,  :, 
11srd Mob! sampi inn t ra in? arr  rq: l lppi,d 
u ~ l h  a 1 0 . m  twstc.r c o l u m n 1  rncllnc~cl i t n r ! l -  
r.aI manomot":. naklng O Ol.:r, H,O c ~ i  Islons 
on  t h r  O.tc 1.111 inr ! ined sralf, n n d  0 1 - ~ n  
H.0 di;.lsions o n  !he, I t o  1 0 . 1 ~ .  vr;tic.,;! 
hca;e. Tn;s l)pc3 o f  m a n o m c t r r  t o r  o l h r r  
YAUPC o f  e ~ u i v a l r n i  srns!t lc. l lyl  IS sal~*:nr 
t o r y  fo r  t h e  rnpasurernerl: o f  ~p value85 z c  
10% a< 1.3 rnm ( 0  05 111 1 H,O H o n r \ p r .  3 dl1 
l e r c n t ~ a !  p r r r c u r r  g a u w  o f  prc,a!t.r 5cns:t:: 
i r g  s h d l  be used ~ s u b l r r :  r o  t h e  o p p r o i z i  c f  
t h e  Adm~n is t raLor l .  ~i an, or ~ l l e  l o ! i o u ~ r , c  
is f o u n d  t o  be t r l : r  I!) t h e  z r ~ ! h r n r ! ~ c  a r r r -  
age o f  a!l SF r e a e ~ n y s  at l h r  t r a t r r s r  pcln:: 
in Lhr s r x k  IS !ess :kar: 1 3  ::1m ( 0  C5 cri 
HtO; ( 2 )  l o r  I r a ~ e r s - s  01 1 2  o r  rnorr  p s ~ n l s .  
m o r e  t h a n  I0 Eercrnt  o f  t h e  rnd~r- idua!  A D  
readings are be!u. 1.3 mrn 10.G5 In ) H,O. 13 t 
f c r  traverses or fewer tha?  12 po1r.t~. rno r r  
t h a n  one I? r ? ; < i ~ ~  is b r l o u  1.3 mrn tO.CS 
in.) H . 0  Cl:a:~or. 18 ~n Srct .on 6 descr i t r s  
cornmerciaii!. avai iak i r  tr.s:rurnenlai!cn for  
l h r  measurement or IOU-range gas velor i -  
Lies. 

As ar! aI!erna!ive ( 3  rr! !er!a ( 1 1  t h r o u g h  
(31 above. tP.r fo l : cw~ng caicu!n:~on rr.a). be 
PerIormeZ t o  d e t r r m ~ r l c  Lhr necessllq. or 
using a m o r r  SPTIS:!:':C d i f ferenr ia!  p r e s u r r s  
gauge. 

w t ~ r r ~ .  n h - o ! ~ i l f .  ba ro rn r t r~c  prrshi ircr ,11:~1: 5 . .  rg. 

Jp I n d t r ~ d u a i  ve!oci!! t t r zd  r1 2d.t:g n l  n 011~..\l1.r! ar.d an  adjuhtrnc~nt for  rip iat!or. <!I! 
tmversr. po ln l .  m l n  H,O ( III. H . 0  I fr.r~m-i+ br1urc.n t h r  u r a l  h~ r >!:,I !(,:I :tr,,! 

?I T o t a l  n1tnbt.r of t:a;.rr\r p o i r , ! i  1111. snrnp!~:!! i?olnl %hat! 51. apsl~,.c! a !  a rari .  
X 0 13 mr. H,O u h r n  rn, !rrc .!:;I:> a r t  ost.r! u!  T i a t i s  2 5 mm IU 1 I~ I  i H z  2t.r 3u rn* r 

a n d  O i'95 i n  ii,C) ~ h f  ;I Z!:gi:.;:; !:!I::,. nrt.  1 199 los t  ; c - i ,~ t j : i c : :  ~r,rr,.;;-r. or . I ( (  i :,a 
u s r c  l o r  I , I I ,~ at lon drrrrx,r, 

I f  T 1.9 arca!r.r I l l a n  1 05. 1111. r i.loci: \ Ilt.a,l 
da ta  a rv  ~ ~ n a r r r p l n b l t ~  and a morp  ~I.~I.III:~. 

di ! f ( , r t .n I~x l  vrv.;<llrr wntiwc8 r n l ~ s l  5,. i isi.d 
NOTE-I f  d r f l e r ~ ~ n l ~ a i  :ir,.s<l;r- pa,iuc.k 

nthe: !:l.?n Inct1nc.d rnnr;omt tr;x a:(. u.st.d 
ct>.n. m a r n r h r l ~ r  paugrsl.  Lh~ir  ca ! lb ra l~or i  
m i l s t  hc~ rh~ . r . k rd  a!!?: r x r h  r rs t  serit-s TCI 
check f I;<- r a l t b r n t ~ o n  of a dllfrrPr,',ia: prt,. 
sur t '  fcaurr. ro rnpar r  A p  read~npr,  o! t!lr 
URUKC U'l:!l IhU.\(. C! a Z+l!s:> c : :  .%&n:;-:!.lt ; 

a i  a rn ln i rnum or t h r r t  polnts. apDroxln?n!e 
I t  r?prrhl,!:i.i:d !hi. r i n i i .  o! A F  i.aiu:.: ;: 1 :,t. 
s l x r k  I:. a! c a r h  30 n: :!?t :.alu?s c :  J;, ;L\ 

r r a d  5 )  :!tr d l ! f r r r n t ~ a !  2ros.si~ri- irz-x,. ~r.? 
na!.gr GI: m.~nomc:~.; a<:.. ,. I,) ,A : :? .?  5 :;,,r 
crnL. the- d i l f t ~ r r n l i a l  prrhsiirr. Eatipi. r h a i !  
br. rs:.5!.1:.rr.c! !o t,- I;, C.32s.r i a ' , - - - . . r .  . d . _ . / C i .  

Oth~.r.;!ai.. Lh,. I?:: hrrlo.., s;:z:l PI I : !~ :  bt- 
v u ~ d r d .  t ir  ~ ) roc rdur r .  .. t o  a d ~ u s !  ! h e  m r n .  
I l r t  d L P  %.;:I;<.\ and r i m ;  rr>,,;:ts s?.;,,: L- 

us1.d b-b:,,r: !CX l h t .  ?.?;1:<,\a: o: ~ h t .  ACmin :~ .  
l r a l o r  
2.3 7'1,mpr r a l u r r  C;ai:~: A t her-lsc.irti 

p f t '  I l ~ l i i ~  f l i ; i  (! bu lb  t l~?. : r30X: . ! t~~,  b1ir.t Lal- 
IIC t h ( a r m c r : ~ ~ ! r  i. n:s.r: b r \  ~n-uii5.;. t5r:mr.n: 
t-lcr. o r  o! hr: cnur t .  ca;.ab~r r.! rr.t,,u--:nw 
l r m p r r a l t l i ~ .  l o  wr:i I!I 1.5 p r r r r n l  L V ~  t h ?  
rnl:il.muuI abhoiu l r  :.[ark t rmpt . ra iure sha!! 
bc 11qr.d fh ,  l r m 3 r r a r  i i r~ gaucr  s h ~ : l  be a[ 
tar!i,,d l u  l?lr PILO! lubv s;!ri> iha !  1111, 
sl.nhnr II:I d o n  no: ro?lck% ar.) rn: [a! !kf 
wauxl * t ~ a I :  b*. in  a n  ~n[cr ier?nc( .  f i r ?  a r -  
ranyrnif .r : :  u ~ l h  rtasp-cl t o  t h r  p ~ t u t  rube  
far(. opcnrn rs  (see F1gul.r 2 - 1  s n d  a:ss 
Figure 2 . 7  r r :  Srr ! tsn 4 )  A l i ~ i n a l t  ?~s::is;.s 
ma! 51. :iriL<! il : h r  3 i t o ~  l~ib'..!?.n,'.crkt:jy 
naupc 5ys:t.m rs ca:ibrarrd rcrord:ri,- :a t h e  
p rocedur r  0 l  S r c L ~ o n  4 Pro\-i3eo' tha! a d l f -  
fe r rnce  o f  no t  mcr? t h a n  1 percent r r !  t h r  
average r e!ocilY mczsuremcn l  is :n!r;t: ?c. 
Lhe LrrnGerature aauDt nef.!! r.3! t r  a1:ichrC 
l o  t h r  p ~ t o t  t t i b r .  t h : ~  a:Le~-nnr~:.e IS suSjec: 
t o  t h e  a ~ p r o ~ . a l  0: t h e  Adrnin:srrsLo:. 

2.1 Pressure Probe a n d  Gaure .  A plezct- 
mete r  tube  a n d  mercury.  o r  wa te r - t i l l ed  11- 
tub (  rnar!ornc:er czpahle G! me;ssr;>i; s!ss? 
presurc.  l o  v ~ l h ~ n  2 5 mn) (0.1 In . )  H g  :s 
used. T h e  stat ic  Lap o f  a s tandard tyDe p::ot 
tub+ o r  one ieg o f  a T y p e  S ~ ; : o t  tube u: t r .  
[ h e  face o p r n l n g  p la i l r s  ucusllloned c n r a i i r !  
t o  t h e  uas f!ou m a y  also be used &s :he p res -  
sure probe. 

2.5 Barometer .  A mercury.  aneroid. o r  
o t h e r  b6ro rne l r r  crpable o f  menrur rng  a t -  
m o s p h r r l r  pressure l o  w i t h i n  2.5 mrn Hg 
(0.1 In. H g l  m a y  be used In  m a n y  crres. t h ~  
b a r o m r t r l c  readins m a y  be obta:r.eC ! r c n  a 
nearby  n a l i o n a l  weather  serv icr  stat ion. In 
v h l c h  case t h e  s la t ion  vliue t w h ~ c h  is  t h e  

2 6  Gh\ Drr ih l t )  D t . t ~ ' r m ~ r ~ a t ~ ~ i ~  Eu!II;) 
n!fsni M r t h o d  3 t .q t l lpvrn ' .  ;! nt,..d~.:! I\,., 
S~-c.L~nrr 3 61. t o  d r l r r r n ~ n r  (181. %tarn c.ah d r ?  
molcc '~!a:  u t  lab.:. and Re::\;rnc~ lrlr:,qr)t: t 
or  .M~.l:io< 5 rqc iprncnr  l o r  rnolh:irrt. r u t ,  
tc*nL d r l f - rmrna l ro r r  o l h p r  mr!hod. rna j  Dr. 
t i i r d  .;ub!t.r.l to  aparu ta l  o f  t h ~  Adrnrnistra 
1 or 

2 7 Ca!!bralron Pilot Ttrbt. ' .Nhr i  r;,~t-rx 
t10!1 o f  ! hc T! p r  S y i o i  :uSt. 15 11~.(.1.5.2 i: 
L h 8 . 1 .  St.c!:or, 4 1  a ~r?-n(l.ird ?I!O: Iu! l t l  I.\ 11.1.1 

R\ 2 rc:r-xicc. Tkr srxn:?:r: GI :~. '  I,::. 
>t.a:l. prr:c:zb~>. h a i r  a k z s , ~ ! !  r ~ c . ! : i r ; ~ f i :  
ubta1nr.d ~ . : i h r :  ! !  I d:rt.c!i, ! r 3 n  !:I.. ? i x ! . . . : .  
RI S,~rr .a i :  o f  S:andarb>. P.:.L;:; 2 - c  i\..:iii, 
O r c h a r d  F.o;ld. Gni!hrrsSl:rg. Mary!a::6 o r  
t ? !  5:. : i ; !>r : i :~c~,  x;~II!.,\ azc:h-r SI>.!~<>-,: 

p ~ l r ~ :  tub-  utl't a n  N 9 5 ! r a ? ~ . a ? ! i  r r r t ! : !  
r . r rnt .  A l ! r rna :~ \ r . l ) .  a standard ~ I I G !  I I ; ~ :  

:l...lgn?d a::c:2:?i !P c::!t,:;z X,.!.!., 1 -  

2 7.1 L h ~ v ~ u w ! ~  2: 5 c ~ l u u  ar.b i l iu\trac..c! I:; 

Flwurcs 2 - 4  4Si.t' aihc i3'i~aLicr.s 7 2. a:>,-: 1; I ! :  

St.c:~i,n 51 m a g  b r  oscd Pl io !  t::Srh d!..:!:rls.!! 
a:'rordir..l: l o  tt?r;r ~ ~ P C ! ~ I C : ~ ~ O ? I S  w i l l  
ba t . i i ? t -  c~-t>f!rci!::~s o l  &bob! C SC; . i i.. 

2 7 ! f f ,  :!:,\i;l>t.r;3 ?.! ~ . l 1 l ~ ~ . i l l  I:! F'!;l:?#. 2 
4 1. i ~ l l l p \ c ~ ~ L a ! .  cr C C ~ , : ~ Z !  I I ~  

2 7 2 A mi::!rr,t~:i~ 01 %:A d ~ : ~ i : t ! ! t . f -  
s l r a l c l ~ l  rltr. tha<cd ~ : u o l i  D Lt i~ .  c .x l~. l  II;;~ c l i  
ar:1f,ll,r cf I!;,, I! I$~,. tj, IL-I.I. I!!,. t t t )  ::,(I {:I!  

S t R t ~ r  21. ... t i r * .  h ~ l r . ~  
? 7 3 A n:!71tm!lni or t.~r:h! dt:l?n*.t,.r-. 

stra!gi: i  :,.I:> h r !  &,TI! l t ~ .  & : ~ 1 1 r  pl-i.\>iirt 
hole5 an:] t t i r  c<.n!c.ri::~s u! t . \ : t . !  11:iI 

!IICI.. l o l l o u  ;nu !!:I. ?fl dr.cr! I- 5 ~ : : d  
2 7  4 S!a!!c- pr:,-!,:!:t. t~c l r ! .  if :.(;:::I! >I;*:. 

( a c p r o k ~ m a l ~ ~ l ~  0.: 9 1 .  ~ ~ u z . " ) .  spnr1.d I:) a 
plcv.otnvlrr r i n v  r o r i f ~ c u r a : l i n  

2 7 5 N:n::v ar:irt.t bccd. u.~!h rur:.c,d o r  
n11l1.rt.d ; ~ I ! ) C L ! ~ T !  

2 8 V:ficxr:.::t~a! Pri%x:;itrfl Ga,i:r for  T; ,:$ 
S P ~ l o l  TubtB Ca!tSrxrioz A n  l c c l ~ n r d  ET::~; 
rr.?:!.r o r  tasu!~&:cn;  IS ;ihcLb. I f  ix1. .\lr,dit..;,.- 
l o r i t \  ra:15raLion trc h ~ i q t 1 1  IS c.rnplo}rnd ( s ~ t ;  
Sf. r t ion 4.1.2.31. Lhr  cal ibrat ion d~!frrt.nt!:! 
p r rss i r r r  y l u g e  shal l  b r  r rada5ic I: t h ,  
n r a r r s r  0.13 rnm H . 0  (0005 In. R,O l  For 
r n u l l i v r l o r ~ l y  ca1ibrat:ons. Ihr gnilgv hhx!I 
be r r a d a z l r  t c  t h r  rafarrs! O.:3 r n n  1J.O 
(0 005 i n  H,OI  l o r  3 p  \ a ! u ~ h  brt.*.c.rir 1.3 a i lo  
25 rnrn H,O ID05 and  1.0 rn H,Oi. and  t v  
t h r  n r a r r s i  1.3 mrr, H,O 13.35 I n  H . 0 :  ic: 
A? v s i ~ c r \  ;.hove 25 m n  H,O 11.0 I n  I i , 0 1 .  .4 
sL)rrIaI. m o r e  sensr t lv i  Raugr u.111 b r  rr. 
au~rr .d LCI r r a d  ~p va1uc.s brlou- 1.3 m m  X,O 
10.05 i n .  H.01 csr.0 C l l a i l o n  18 I n  Section 6 )  

. 0 
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. - Figure 2-4. Standa~d i;i tor tube desicjn specifiia:icns. N~JA - 

3. Procrdur r  
3 1 S r t  u p  t h c  apparatuh a\ shown 111 

Fluurc 2-1. Caprllar) titblny or surgr  tank?, 
inhtallrd brtwccn t h r  manomrter  and  pirot 
tubc  mag bv UhPd LO dampcn S P  f iurtu.  
atlonx It 1s r e c o n n r n d c d .  but nor req:lfirlbd. 
lha!  a crt.tcs: lczit.ckerk be conduc:cd. a, 
folious- { I )  biov Lhroudh t h r  DllOi Impsr; 
opr.niny u n t ~ l  a t  l ~ a s i  7.6 cn 13 in . )  H,O vr.  
lot-11y p r e s u r e  rez1s;ers or, t h e  rnanoxci:'r. 
t h r n .  clor;? off Lhe impact oprnfiny T h r  
prrssurr  sazi l  rc r i i :n  stabii. lor a t  i ~ a s l  15 
sc'condh. 12! d o  tht* w . 7 ~  for Lhc s la l l r  prcs- 
slrrr stde. except usir.g suc!ion to obLzin tl,cL 
minrrnum of 7.6 cm ( 3  in.)  ti,O. O t h e r  leak. 
c h r r k  procedures. subject to Lhr approval of 
th f .  Administrator ma)  br  used. 
3.2 Level and  z r ru  Lhr manomctrr .  B r  

causr  t h e  manometer  level a n d  zero ma;. 
d r ~ f t  due  to  r t b r n t ~ o n s  a n d  Icmprrx!urc 
Chant?f.\. ' rnakr  prr iodir  r l i rcks dur i r~v  I h ~ .  
t raversr .  R t ~ r o ~ d  all nt.rc.sar! data a., sl:ou 11 

in t h e  rxarnplr  CaLa s h t ~ , i  (F ipur r  2-51. 
3 3 Mt .wurr  t h r  vrlorily head and  t r m -  

p r r a l u r r  al  t l l r  Irar.rrslt polnts sprcific-d bh 
Mi,thod 1 .  E m t ~ r t ~  l h a l  tht. proper differc.n. 
lial prrssi trr  paupr  is brin(c used for clir 
rant?tv of ~p valurs rncolfintrrqad i s rc  S , . c t ~ o n  
2.2,. I f  11 1s nerrssary l o  rhanarn t o  a more 
w r i s i t ~ v r  gau'kc. d o  so. and  rrmcnsure [ h e  s p  
a n d  t c m p r r a t u r r  rrndlnps a f  r a t h  trarrrsc. 
Point. Conduct a mst . t es t  lrak-check f m a n .  
datory).  r r  described in S c c t ~ o n  3.1 above. Lo 
validate t h e  traverse run.  

3.4 M r ~ s u r r  l h r  s tat ic  prr.Esure i l l  t h r  
s lack.  O n c  rradtnn is risb~ally adequal r  

3.5 D r t r r m i n r  t h r  a lmosphrr lc  prt.s<urr. 
3.6 Dcl r rmine  t h e  s ta rk  ua5 dry  rnolrcular 

*vfiuhL. For r o r n b ~ ~ s t ~ o n  procr r t r s  o r  proc. 
r s r s  Lhnt rrnfil rwc.nlially CO,. 0,. CO. and  
NI. usr M e ~ h o d  3 For  proct..wcs emitting 1.s. 
wntfir l ly ~ i r .  a n  b n a l y s ~ s  nerd  not  be con- 

biic:ed uhe a br) m o l ~ c u l a i  &elphi  of 29 0 
For 0 t h ~ :  prorPsSCs. o t h e r  m e t h o d s  s u b . 1 ~ ~ 1  
l o  t h c  npprprai  of t h e  Admtntslrator. mils: 
bc usrd 

3 7 OC,:a!? t h e  r ~ s s : u r e  c o n l r s l  f r a l r ,  
Rr!ert.n:r Mechod 4 (c: e q u i r n ! ~ ~ :  or f r s a  
Method 5 

3 8 Dv:rrmrrle t h e  cross-sw!~onal  a r r a  or  
t h r  stack or  duct ,t t h e  s a r n ~ i : n g  lwni ,on  
Wh(-nckzr p o s s i ~ l r  uh?s.call) rnesurr :k.e 
slack d ~ m r n s i o n s  r a l h e r  t h a n  ~ s f i n g  blue 
prrnLs 

4 Ca!rbrctfon 
4.1 Type  S Pirot Tube. R r f o r r  i ts initial 

urc. cerf-lull?. rxarninr  ! h e  ?').PI. S ptto: 
Lube In lop. side. and  end  views t o  vcrcfy 
t h a t  t h e  Ia tc  oprnlnirs 01 t h r  tube  n r r  
alfignrd u : lh in  t h r  spectlicxlio?.s iliustr?.rrd 
in Ffiaurr 2 -2  or 2-3. T h r  pilot tube  shall  
nor be used 11 11 fkfls L O  mrc! Lhrse r i tun.  
'Tlrnt s ~ c ~ l ! c a t i o n s .  

A l t r r  verfifvinr: I h r  fact o w n i n y  alinr.. 
rnrnt. m r r s u r e  and  rrcord Lhe followrnp dl. 
mensfions of t h e  pitot tubr .  t a t  t h e  cx l r rna l  
t l~bfing diameler  (dfimc~nsron D,. Figure 2-?bi .  
a n 6  tb l  t h e  base-lo-opening planv drstanccs 
idfimensions P. and Pa. Flgur r  2-2bl. If D. is 
betwren 0.48 and  0.95 rrn ( ' 1 -  a n d  '. in. l a n d  
i f  P. and P. a r r  equal and  between 1.05 a n d  
1.50 D,. r h r r r  a re  two possrble o ~ t i o n s  I 1 1  
t h e  pilot lube  may bc calibrated according 
l o  t h e  procedure outl ined in Scctions 4.1.2 
th rough 4.1.5 b l o w .  o r  ( 2 )  a b u r l i n e  (isolat- 
r d  lube1 ccrcfficlent value of 0.84 may be rs- 
signrd to  t h r  pitor tube. Note. hourver .  t h a t  
11 t h e  pitot tube  is par t  of a n  assembly. calt. 
b r r t ion  may still be rcquirrd.  despfitr knowl- 
edge of t h e  brzclinc coeflicirnt value (see 
&cLion 4.1.1). 

I f  D,. P,. a n d  P. a r c  outside t h e  rperif ird 
limits. [he  prtcl lube must  be c a l i b r a ~ c l  u 
outllned In 4.1.2 t h r o u g h  4.1.5 below. 

4.1.1 T y p r  S Pilot  T u b e  hssernbllrs 
D?lr!np ?ample and  velocity trasrrsr~x.  t k r  
isolated Type S pkior Lube is nuL aiwaj;  
used. fin many instances. t h c  p!:or t ~ t - .  !s 
cset! Ir. i smt :n ; : ;~n  ri:.;, o:kt.,..r si'~i:.:.'ir:-.. 
p1:ng cotn;.onrnLs {:h?rmococpiri, sa%~!:;iz 
probe. n o u l r i  os part of a n  "arsrmbl;' " T h e  
prrser.re af o ther  samplrn i  csmponrr.:s ra:: 
M;n>e:lnc:, affect Lhr baseli:.r vaiiie of Lht. -. 
; y;)r S c ~ : G !  ! u t r  csrli;c:t.r.: ~Clla!lcr. 9 ::: 
Sf-rtron 6,. thcre l s r r  an s s r g n c d  ( o r  o thcr -  
wfisc known)  basrline cocfftrcrnt rallrc may 
or may not bc v a l ~ d  for a given a s r x b i !  
Thtl baselinr and  rsscmS1). corflicfic.nt 
values u.111 b r  idrnllcal on:) uheri t h c  rclh 
livr p;arcrr,en! of L: e cornponpnls in the; .u. 
wnbl? .  is such  t h a  atrodynamfic interfrr-  
encr  effects a r r  rlimfinated. Frgurrs 2-6 
throuz:: 2-8 illustrate inlcr!rrcncc-fro= 
compon~-n! arranzr.mrnIs ~ c r  1 5' pilo! 
tubch ha{-lnp r x l c r n r ;  lubing drnmrtrrs  So- 
t u r c n  O 46 and  0.95 cm ( ',.. and '. 11: t. Tyur 
S piiol t u b r  n\srmblrt-\ t ha! fail to m e r l  nn;' 
o r  al: nf t h t  s~~rr i f f ica t ions  o! F1purt.s 2-6 
1hro11r.h 2 -8  shall !x calibratrd arcordint? l o  
l!lr p r o r c d u r ~ .  o ~ I L I I ~ I ~ ~  in S~'ctlo;ls 4.1.2 
th rouch  4 1.5 br lou .  and  prior Lo caltbra- 
Llon. 1 h 1  v a l u r  of 111t- 1nlrrcom3onrnl  SPnC- 
inas (-,~~.ot.nu~xl,-. p i t o l - t h ~ m o c o u p l r .  pile' .  
probr shra t l l l  shal l  br  rnelrsurrd and record. 
t .d 

NOTE.- Do not LISP any  Type  S pit01 tube 
assvrnbty whlrh ih constructed such tha t  I h ?  
Lmpnr! prrnssurr oprn ing  plane of [he D!to! 
tube  IS b.lou the- en t ry  plane of Lhc nou!e 
fwr Fic~i r i ,  2.6bl. 

4.1.2 Cal ibra t~on  Se tup .  I f  Lhe TYP? S 
pitot t u k  is t o  be callbraled. on? leg O f  t h c  
tub? shall be permanently marked A. and  
t h e  o l h r r .  B. Calfibralion shall  br done In a 
flow sys!rm h a v ~ n g  t h e  fol tow~ng essent:al 
desicn features. 

.-- 
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Pi A i i T  - 
DATE RUN NO 
STACK 01.LMETER OR DIMENSIONS, m l ~ n  1 
B A R O M E T R I C  Pl iESSi lRE,  m n  f?g ( ~ n  +:?I 
CHOSS S E C T I O N A L  A R E A .  rn2(11Z] 

OPERATORS 

P I T O T  TUBE I D  NO - 
A V G  CGEc;iitERT~ i, = 

L A S i  D A T E  CA!.l!JZ.:TEJ - - S C H E h l A T l C  9 i  ' T A C K  
CROSS S E C T I O N  

--I_--- I--_- 

SLJC: :zmpct;:-it 

I 
- - . - . - - - ~ - ,  

I 

Figure 2 5.  V e l ~ c r t y  traverse data.  
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I LICE VIE?#, ?2 ?ZSYE#T ?:SST TLti: 
FROM I D T E R F E U l l G  WtTX GAS Fi2% 

i 
STREAYL t & i S  A W R 1 A C H I L G  THE 
(IOZZLE. THE i W A C i  P i i i s L ' Z i  
W E R I Y G  PLAYE O f  TdE P I T C T T U I E  
WALL 8E tVEh WlTil OR ABOYE THE 

I 
IOZZLE ERTRY F L A I L  

I 1 

Td!RLlOtOLl*L i 

TYPE 5 P173; TUZE 

Figure 2 7 Proper rhermocoup!e p!acement to prevent ~nter fcrence.  
Dl between 0 48 and 0 95 cm (3!16 and 3:8 I n  I 

I 

TYPE S PITOT TUBE 

I 
I 
I 

Y 27.62 cm (3 in.) ----cl 

I 
I 

Figure 2-8. Minimum pitot-sample probe separarion needed to prevent interference: 
I Dt between 0.48 and.0.95 cm 13/: 6 and 3/8 in.). 
. W t .  .,-.... ~ e j r i n t e d  from CFR Title 4 0  doted July 1980 
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4.1.2.1 T h e  flowlng cu stream must be 
conflned Lo a duc t  of dellnlte cross u c ~ r o n a l  I ' -  ' area .  ei ther  clrcular or recllnguln: For cir- 
cular  cross.secL)ons. the  rnlnimum d u c ~  dl. 

8 a m e t e r  shxll be 30.5 cm (12 in I: for r e c h n .  
gular  croas.seclro?z, t h e  .;idlh <shorter  sib?) 
snai l  k t t  les;t 25  4 cz: (10 in.:. 

b 4 . 1 . 2 . 2  T h e  ciors.rr:lt:n-,! :T" c !  ? ? "  
c3ilbrr::on ci,ic: rr.:::: > ?  cc:x,--.:! c:.sr: ~ i ;  

I :.. . 
Lonce or  10 or more duct dirmcLei;. For a 
rrt:anxuimr crW-section. use a n  tpulvalcnl  

E dim1r:er. cnJcula!ed from t h e  f o i l c k ~ : n f  
raurLlon,  to de te rmire  Lhe ncmber of duct 
diamr'zcrrs. 

4.1.3.2 Lcvel a n d  zero t h e  rnanome:er. 
Turn on t h e  fan and &How t h c  flow LO s u b l -  
lim. Seal  t h e  T Y D ~  S e n t r y  port. 

4.1.3.3 Ensure  tha: t h e  manometer  Is 
Icve! and z e r w d  Pos:tion th:. s t r n Z t r d  pitot 
tub?  a1 t h e  ca11bral:c:n coirf tdetcrmrned u 
01.3Li1n.:d i : ~  S*cL:sn 4 . l . 5 . :  :. ?.r,c! s.11~3 ::'r 

.+t a ; -  -. , , y -  -, :,.;,2.:- :5 t>:*: ;:. ::,> : 7::;:-.::.. .- , . -  ~. . ' .  - 
:;;,; ; I< ;  .,.. 7 - - *  - , .  .- ... . : . . - , , . . . . . . , - . . , - , : 3> ' . . :  .p :,:.,,:: '.- 

a!~gning  t n c  tube  to avoid yaw &na pitch 
rnq l r s .  M a k r  s u r r  Lhat t h e  en!ry port s u r -  
r o u n d i ~ p .  Lhe Lube ~s ;? ioper ly  scsled. 

4.1.3 4 R r a d  1 :,. and record i!s v e . 1 ~ ~  in a 
d a t ~  Lqbi? s:mlI;i; t i  I!-.< cr:. s.'lo,+:: rn 
Figurc 2-9. R r n o v e  ;he s ? z ~ d z . - d  pi:=: L U ~ O  

from Lhe dtlct a n d  dlxG,-cf,nrCL l? frcrr: Lhr 
manornelcr Seal  :Re stnr?Ca;d e r t r y  port .  

4.1 3 5 Connect  thca Type  S 3i tc t  ? U t e  LO 
[hi. ma:!omcicr. 0pt.n t h e  T y z r  S cnt:.:; 
=or: Check t h e  manoin?:;.: level t n d  zero 
Insri :  anz a:!gn 1::r T..;e S Li::; LL." rrS 
tPC&L 1 ' 3  .+%:;<< 1:7.:>s: 2;..-7.;::: ;: ?.: :kc. ::.:-. 

point u was Lhc standard pltot tube m d  Is 
pointed directly Into t h e  flow. Make sure  
Lhat t h e  en t ry  port  surrounding t h e  tube IS 

proper1 y sealed. 
4.1.3.6 Read Jp. and enter  fLs vo!ile Ir. t h e  

d a t a  a b l e .  Remove !he TYX S pilo: tube 
frcm t h e  5u-t and dk-ocnec? it Ir~r.: t h e  
=--c.- ::,--. 
i.i.2.i Rry:.rs: stcs: '..I.:.: ~l::::j,,:; 

4.1.3.8 above until th ree  pal= o; bp r̂ -:r.c,::r.gc 
have been obtained. 

4.1.3.8 P , c p e ~ t  s teps 4.1.3.: thraujch 
4.1.3.7 nbove for t h e  B sldt 01 thc  T y ~ e  S 
p!LJt LUk. 

4.1.3.9 Perform cnlculr:ior.s, rr. .'%-r:2<& 
in  %[!on 4.1.4 below. 

4.1.4 CalculaLlom. 
4 1.4.1 For  ench of t h e  slx gelr: s: 

r*C.+..~ Ll-...rs t i . ? .  Lhret f i c m  side A L:; ;:I;-.; 

from s!" Bl obtained In *:ion 4 ! . 3  above. 
c3!eii!nL:* t.?? valti? o! Lhe t;.;: =i:;, :.L;+ 
cce!fl!rl?nl sz ! c ! ! s - a :  

TC rcsu:? :'? p;rser.ir 0: s;-?,!?, f:;!!; d:,. 
clc2ed llou _ns.:!crns E: !hp ca:.>rz!~on i i ; r .  

abr "Lest sect~on." t h e  S i l t  rr.us: bc :ccatr,' 2: P I T O T  ~ g g ~  ! ~ E ~ ~ ' - ! ; ; c ~ - ~ T - .  . j 4 , +  ,z~;:,;-. ' - a ' - -  ---.--- ~~~T~ --- -,--.-. ~ .%.... 
lcnsl e ~ r h t  d!nmrt?rs dc~.r.:t:ex:: 2nd iu.9 

d ~ n ~ n e ~ e r s  ups:rt.nrr, frcm Ln? r~rarrs: d ~ s t - r -  C A C ! S R A T i O  f'f - ---- -------- .. .4 .. - .. . 
bancez 

NOTE -The e ~ g h l  and  1uo.d:anetrr  c71tc 
rIP %re not a b s o l ~ : ?  o ther  trs: srr:ton lor5 
L I O C T  ma)  k u s ~ d  csub!efl LC aSpro \a l  3; 

t h e  Adrn~nlsrratorr  p r o ~ ~ d c d  rha: Lhr [lor. 
a1 Lhe Les: st!? IS stable and I;~n~or:r:rau.i 

4 - - para!lel Lo t h e  duct axls RUN NO 
4 1 2 3 T h e  f lou  s > s r e n  shall h a t e  t h e  ca 

pacIt> Lo genera!? a ItSi srcrron Lr!or~!\ 
8 

i *  around 915 m ' m l n  (3.000 It.'rnin This  \ P  
locltg must  be conslerrl u ~ t h  t imr  to  guaran 

1 t ee  stead) flou during ca l~bra t lon  Nc:e rhz: 
T y p e  S pltot Lube corI!tcienrs obla'ned b \  
s~ngle- ic locr t j  csirbrat on s; 9 ; 5  rn ,mln 
(3.000 f:/mln) u:ll general16 be lal io LO 

t wlthln 2 3  percent lor the  l n e v u r r m e n l  of 
velocllles a b o \ e  305 rn'mtn (1.000 f t ~ r n ~ n r  
a n d  t o  w l t h ~ n  : 5 t o  6 percent for t h e  men 
surement  of  reloclt:es br!urrn 180 and 305 
m/rnln (600 and 1.000 f r ~ r n ~ n !  If a more 
vreclse cor r r la t~on ,be twren  C,. anc! r.e!oc~:) 
is deslred t h e  flou sjs teln shall h a ~ e  t h e  '.a . 

", 

OEVlA-Tla% 

Cplrl Cp(9) i 
I 

pacrtk Lo generate a1 least lour d:st~nc! 
Lime-Invarrllnt test scctron vrlocrt~es co ie r  "8 SIDE CAL IBRATIOM 

Lhat Lhe test scclion be constructed or plex- 
iglrr or  some o t h e r  t ransparent  material 

4.1 3 C a l ~ b r a t ~ o n  Procrdur r  Note- t h a t  
this procedure 1s a grnr ra l  o n r  and  must not 
be used w t h o u t  r1rs1 r r f r r r l n ~  t o  t h e  ~ p e c ~ a l  3 
c o r ~ r ~ d r r a t ~ o n s  presented ~n S e c t ~ o n  4 I 5 2 I fp(%) - E,cr O R  61 I 
N o t r  afso t h a t  th15  p r o c ~ d u r -  a p p l ~ e s  only AVERAGE DEVIATION = 11 (A O R  II - 1 - M U S T  BE C 0.3; t o  s lng l r -veIw11~ ca l ibra t~on  T o  obtaln call 
brnt ton d a t a  lo r  thc. A and  B stdes of t h e  3 
Type S v ~ t o t  tubr .  procred as follows 

4 13.1 Makr  sure  tha t  t h r  manomrter  IS 
D ~ o r n r l y  llllcd a n d  t h a t  t h e  OI! Is f r e r  from 

I Fp (SIDE 11-6 (SIDE 0) I-UUST IE '-.O.Bl 

ro.ltarnlnntlon and  .s of t h e  proper d c n s ~ t )  
Inspf-cl and  Irrk-chr ck all pctot Irnes. repair  
o r  replace If ncrrssa1 be cal~bratton data 

* q  -".- 
980 

' L  

.*-.-. 

Cpfs) 

Ing Lhe veloc~t:. range from 180 to 1 5 2 5  m l  
mln  (600 lo 5.000 f l 'mln l  and  calibration 
d a t a  shall  be taken a t  r c ~ u l a r  velocll) 1n:er cm Hz0 
v a ~ s  over this rang? (see ~ l t r t t o n s  9 and 14 RUN N O  
in Sectlon 6 for details) 

4 1 2  4 T w o  enr r )  ports. one each 'or t h e  
s u n d a r d  a n d  Tbpe  S p ~ ~ o l  tubes. shal l  be 
c u t  In t h e  test  section t h e  s t rndard  pttot 
e n t r y  port  sha l l  be locatrd s l ~ p h l l y  d o u n  ------- 
s t r e a m  of  t h e  Type  S port. so  that  t h e  
s t a n d a r d  and  T y p e  S ~ m n a r r  opentnuz u ~ l l  
Ilr In t h e  s a m r  cross spctronal plane durlng -- 

i c a l i b r a t ~ o n .  T o  f ~ c l l l l a l r  allgnrnent of t h r  
pl tot  tubes  du'rlng c a l ~ b r a t ~ o n  11 1s adv~sable  

cp (SIDE B I  

(tn H ~ O I  (m H t O j  
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\ A,*. 
p ~ t o t  tube IS used wlth other components 4 4 1 4.4 Calculstc 6. the a v c w c  deviation tnotzle. thermocouple. a m p l e  prcbef in nn 

l ' l { l l , l t # . ~ , l  2 2 from t h e  rneur. for both the A .nd B sides arrangement thal IS f ree  from s c r o d y n r m : ~  

#II Of t h e  gltoL Lube Use the folloolng equa inlrrference eflecls (set. Figures 2 - 6  
lion th rough 2-81 

where  4 1 5.1 2 For Tyw S  to^ :L?X *? r - - .?  
C,, 5 Typc S pltct :uIY cc?f!lc!nnf 
c-, -~LL : ;C :L~$  pi:;.. Ll:>: c:: ! . ' ;~. : : : : .  i .L? 

0.99 I f  thc -filcic!ii k unknc.+.n c z l  
Lhc Lube is dmilgned -ording to the crl. 
Vrta u! &ct!ors 2.7.1 Lo 2.7.5 of Lh~s 
method.  

Ag, - Velx l ty  h2bd mrrsurtd by Lht rtfnd- 
u 5  p!tot t u k .  c n  E3.O (In. H,CI 

ap.= Veloc:ty he& m e u u n d  by the T y p  5 
pftot tuk. cm H.0 (In H.0) 

4 . 1 . 4 . 2  Chlcui~Lc C. tefde A).  thc  ; z a c  A. 
ritfr cw!!lci~?t. ~n:! C, (ri1Ce 3). Lhe mcir: 3 
slue -,ci.:f!::cnt: a ) c : : a ? t .  :>e di:::r.:r.~.t. bj. 
Lvctn thew taro ~.vz=ge vhLurs. 

4.1.4.3 C%icx:&tc. the dev:a:!o:~ o: e u h  of 
t h e  tfr-te A d b e  ;.clcrs c i  C,, f r o x  C,. :.::2e 
A ] ,  an3 t k e  Cen:ia:ior, o: c x k .  G-side v % ! i l t  0: 
C,.,, from C, C, (slde 31 Use t h e  f ~ l l c ~ i n g  
ctc,u;;t:cjn: 

4.1.4.5 U.c the TYW S pitor Lubt only i f  
the v8lues ol 6 (ride A1 m d  6 (side 81 are 
l tss  than or touiil to 0.01 m d  if  the  ako1u:e 

of the cftf.'ertr.ct &:.w-r. C, (.s, &?d 
C, (B) Ls O . O i  or  !e&. 

4.1.5 8perinl ~~~~~~~~~~~~: 
4.1.5.1 Sr:cctior, o: ca:!ornaon :-ci:>?. 
4.1.5.1.i ' J , ' ~ c >  ~7 L:.c~s:c~! '- '.-- .: - Z ! t C t  

t u k  !s c%:i3:zL??. 22;::~: : : ~ ; : L T - . : . ~ ; , :  p;;::[ 
Si or  nra: t h e  :enis- cf t h e  2ucr. a:< Iciior; 
t h e  prcc tdcr rs  o?lt!:ncd i?. 3 c : : c r s  4 . 1 . 3  
and 4.1.4 at0 .x .  The Tym E p! :o :  cce!f~- 
CIYIII& 5 5  05:+:ner?. I . ? . .  C," c - i , ; . .  :?: :i;c: C, 
(side B). wiii h vrlic',. EO i2z.c -A clt?,:?:. i :  1 
t h e  isolittd pltol  :u:;e LS used. or 2 )  t h e  

nc:!r : 1 : -  :c.; - .-. 
p:;L4:, _-jil,:: 2 - - . I  .... . . - -  .<., ;'j:z: :: :- 7 : : -  

Lhr ?en',-r cf Lhe L'uc:. ant !a::s1~ :kc ~:i:?- 
durts outlined tn Srctions 4.1.3 rr,j 4.1.1 
rbove.  The  c w f i i c ~ e n l s  so oSLnlzt-O WI:; tr 
valid so long as t h e  piLol LzS,. !hrrr:wo:;ie 
corn'ii?.aiion is  used b! ;.LSCI: O F  .&I:: . - , I  - .. .- - . 
cornponenls In an in te r fe r rnc~ . i ree  irrm=:- 
men1 t f ;gurcs  2-6. and 2 - 2 : .  

4.1.5.1.3 For w c m b l t e s  with sar-r':- .id.- 

probes. :be cal iDral~oz ci.in: ah:.ild Sz :c.- 
ca:e5' S L  0: n t  2:  !?.? c~e.l::T o: ik.' ;-::. : ~ . r - .  
ever. insertion of ;r pro* shes:> rn:-.-r 
sisrnll duct  c?;g c;u;e :!I;::! .'I:.: ?rc;; : - r -  
trcna! arer b l ~ ~ k ~ : , ,  a n d  y:r:.j :r:crr:ct z ; .  
e!::cirnl vslu?: (CI':C:IC? 3 !n Fir:;:. : 
Th?r.?:;:?, La T . : x ! ~ : z ?  ::-: >.t::::-.-.: !::-.. 
the c s , l - r n ~ ~ o n  pci::: r.7.y be c : c . ~  i:.-;,:s 
~ f r - ~ r ~ ~ e ! -  ~r Z F C ~ S . Y . - Y .  :>* <C:L:: :.:;..:,: 
e!,!ec! u.li! !)r n ~ g ! l ~ ! b ! P  ~ 5 . " : :  1k? ti.eC-i:. 
~ 2 :  '~lp:?.~;~, d.L~s:-.y.!:,c~ c ;  2 z:;.:~:. 2. 

ar - i  -.- o,.-;::; c! :::? :. ?J;?O , - . - = r n ,  3.: : ;- :.-:,-,: 
or  l e s  o! t h c  d2c: c:os.-stc:ion~! arc% !G: 

ESTIMATED : [ 1.. ] 
SHEATH - x 100 
B L O C K A G E  OUCT AREA 

Figure 2-10. Projected.area models for typical pitot tube assemblies. 
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4.1.5.2 F o r  those probe assemblies In 
v h l c h  pltot Lube.node inLcrference u a 
f w t o r  r1.e.. those In vh lch  t h e  pl:c;-r.c;z!e 
upara t io l !  dtstance fa!Ls to m e ?  t h e  -rc+clf! 
cat ion I H u s i r ~ t c d  In E x w e  2-61], t h e  va:ue 
of C,, dc"?::.;'. 3;on t?.? xY3un: r.! :rr.:<. 
s ~ a c ?  tr.:%en ::I: t s b e  as:: nc-cic, s c ?  

thcreforc  is  a functlan of n o = k  aicr .  :n 
 the^ 1 ~ ; r m c e a .  xp.s=te cil:br",Uors sl?a:l 
be perfor;ned wlth esch  of t h e  common!y 
used n o o l e  P& In pizce. No:? t h a t  t h e  
~ l n g l c - v ~ i ~ i t y  ~ 1 i S r a i i O n  technlqse L: u. 
ccptPble Icr  :h!s p - r x x .  even rhoue,'. ::I- 

k g e r  nozzle r k s  (>0.63: cm o r  K in.] r r r  
n o t  o rd lnr ! ly  cscd fc r  b k l n t : l c  ~sr;-.;;ine 
s t  veloc!titr =axnC 815 rn./m!n (1.CCIO f:! 
mln). which b Lhe ca:!hrs:io;l ve!ccf:j.: nc:e 
also t h a t  it Is not ncctssar:.. ?3 d.%:c ar! (kc- 
h!ne?ic &w%plc dur:rtg calibr:.t!or. (* C:k- 
L!on 19 In .%tlor. 61. 

4 1.5.3 %r a p r c k  ~ss-mL!y  co--r:sct?rf 
such  thz :  :L n l t t  t cke  I; :;!u.?.;* ~ ? s r  :r. :n: 
ran? or!ec:a!lon. cl:;)' 3ne side a! t h e  plro; 
Lube n-5 k ca!~bra:ed l thc  sic? wh:c:: ~ : ! l  
IWF :?,? Zc. : )  T?.? qi!cL :>5e 7;->: s:::! 
meet t h e  nl::r.mer,! 6-flc;!ic>.!~:o~ o: T' :~. . i r= 
2-2 or 3-3, however. and mQsi have sn aver. 
age  devrrticn ( & I  volut of 0.0: o r  less (see 
f k ~ t i o ~  4.1.4.4j. 
F ~ K U ~ P  2-10 i+o;ec~~Z-area mc~d+!.i I?: typ!. 
cal pi:or tub? r i ~ e r n b l i t s  

4 1.6 .?eid Csc. and S?ca:icratior. 
4 1.6.1 Field Usc. 
4.1.6.1 1 When a T y p e  S pitol tube (:so. 

laLrd txbe or  r-rsembl) 1 is used in t h e  field. 
t h r  appropriate coefficient value f u h e t h e r  
s u ~ g n e d  c r  o b l ~ i n e c !  b:. ca1:bra::on 1 shali be 
used t o  perform veloctty caicdla~ions.  F o r  
cal ibrated Type S pltol tu tcs .  t h e  A side co. 
el11cler.t shal: be used r h e n  :he A s:de  of 
t h e  tube  faces t h e  flou.. a n d  t h r  B side coe!. 
f i d c n t  shal l  be used when tke  la sid- faces 
t h e  llorv: a:te:nat~vely, the  a:;:hmpt;c a v r r -  
age of :he A rnd B side coelfirien: vs1ut.s 
ma?. be used. irrcspecL~ve of which side faces 
t h c  flow. 

4.1.6.1.2 When a probe rrsernb!!. :% usrd 
Lo sample a small duct  (12 to 36 In in diamc.. 
Lerl. t h e  pro& shea th  somctimcs blocks a 
rignilrcant part of :he duct cross.sectlor.. 
causing a reduction In t h e  effr:rivc c-alur of 
C,,,. Consult Clration 9 in Section 6 for de. 
a i l s .  Co rventional pilot-sar.lp:in~ proDc. a% 
Semblics are' not recornrnrnded for use in 
ducts  having ~ n s ~ d e  diameters sna l lc r  t h a n  
' 2  inches ~ClLalion 16 in Section 6) 

4.1.6.2 Recalibration. 
4.1.6.2.1 lsoialrd Pitot Tubrs  Afr1.r c..?ch 

Iwld use. t h e  pitot tube  shal;  btu ra r r lu l ly  
reexamined in Lop, sidr. and end v i rus  I l  
I h e  pitot face o p e n i n g  a r e  still aligned 
w ~ t h i n  t h e  sprcificatior.s illustratrd In 
Fiuurr  2-2 o r  2-3. i t  can be hssumed that  t h e  
brselrne cocffic~ent  o! t h e  pitot rubr h a  not 
chsneed .  I f .  houever.  l h r  111be h.w bren  
d ~ r n a n g e d  Lo t h e  extent  t h a t  it n o  longer 
meets  t h e  spccif icat~ons of Fiuurc 2-2 o r  2- 
3. t h e  damage   hall e ~ t h r r  be repaired to re. 
s to re  proper alignment of t h c  lace openings 
Or t h e  tube shall  be discarded. 

4.1.6.2.2 h t o t  T u b c  A s s c m b I ~ ~ s .  After  
each field use. check t h e  face opening a l ~ g n -  
m r n t  of t h e  pitot tube.  rs In Srtlicrn 
4.1.6.2.1; also, remeasure t h e  intercompon. 

e n t  rpsclngs of  t h e  u s e m b l y .  If t h e  inter-  
eornponrnL spncings have nor changed and  
Lhe f s c e  c;cz !Z8  nliznrnent is rrccrp:+blc. I! 
can be s u r n c d  t h a t  the coefficienr of !he 
lusembly h:-s not cht7!:?C. I! :he fzce s5-n. 

:nz-:.:.: & .-,<, '--..- - .'.a. ..:. 
.,I . i  . .., .,., :?.: 6;;iC:- 

Iicsct:ai--- o; 71g~::c:: 2- ' ;  L r  2-2 .  e:!her rrf-,i; 
t h e  da;r%-r c r  rt;l,lr.c I.''.? p::Qi I c P  (cz!!. 
bratin; t h e  r.e\... x ~ c m k l y .  i f  necezxaryi If 
t h e  inLercomponen: spe-lngs hare ct..anccd. 
restore t h r  o:rzlnn: spwings o: r e c ~ f i b r a l r  
the a.%xr;?'Jly. 

4.2 S f a n d z r f  pit2: t u b e  ( i f  x ~ p l i c ~ t : ? l  I! 
& s a c l a r d  pitot  Lube is used for thr velocity 
I n v e r s e .  t h e  tube shsi! be co;.&tructed nc- 
corttfnf to thc  cril.erin of Src t icn  9.7 a ! ~ d  
s t s l l  be u i&nrC  a ,Stse!:::c coel!~c;enl valcf 
of 0 99. I! th?  sf.azc:srd si:ot Lu'3.t ia c x 6  xs 
pa;\ c :  an ~r~^?e.Th!:;. L". L > : ~ c  ~ h i i I !  be ::: m . 
:n:rrfrre?c? free &:XZ~?.T?.I: izubjec: 1s 
: 5 -  2c;r::i;: 9.' !hf .~.!.Z!!?:S::-L:C:~ 

4 2 T-m;.rrn:iirc G - u ~ r s  +.:!cr ~2::; 

f i r lc  usr .  ca;ibra!e C i 3 i  :hcr.nc.me:t~r~.. 
Iiqu!d f!:lrd bl;;S ihr:rnor:lr:?rs. tl?errr,ocoii. 
~ : , ' . ~ o : n : : ~ : s - . ~ ! t ~ -  : 1:: c-:?.+T 
R>".-':., - :l.z;:-r31 .1.- - .... ' - . -  ...;* . - L .  . & .  ,,., :!? zP:,.?-: 

of lhr averan'' +bsc.!uttf s l i ck  tcmscrs:;;;!. 
For I p m p r r a l l i r r  u p  Lo 4015 C (761 F I .  tisc. 
an  ASTh! mcrcuri . in+!k~,s  r?!ibrer.c;. t h r r .  
rncmrt r r .  o r  eq1ii;nic.n:. s5 z i ~ f r r e r . r r .  a:. 
t r rna! ivr l \ .  c:I h r r  a rcft, 'r?cr ; t ~ r ~ s c ~ ~ ; ! c  
and  po:cnt:orn:,:i.- i c ; : ~ ~ ; ~ ~ '  . ..L:.C! b: ?:E.?' c ?  
t t~r rn- ,onr r r ic  Ilxrd po~:i ls .  e.y . i rr  ba:h ?lid 
b o i l l n ~  u.alrr  ~ror:eclPd for barorne:ric p r r s  
sr lrr!  may be uscad Fo: t r m p r r a i u r e s  a h v c  
405 C ('761 FJ.  I I S V  a n  PiBS.cal~brated r e l r r -  
PnC? !h~:mo~~l lp! f~- l~~:rn!~c.c.! . ! rr  s:;s:e!x or 
a n  aI:erna:e r e l e r r l ~ c r .  s u b p c i  L O  thfl ap .  
proval of l h e  Admtni.;tra:or 

I f .  during ca!ibr?.1..on. rhr  ahsoiutr  t r m .  
peratures m c a s t ~ r r d  with t h r  gauge b c ~ n g  
ca!ibratrd and  t h r  rel-rrncr  aaupf agree 
within 1.5 percrxi .  t:lc t r n p c r a : u r r  d a ~ n  
taken in t h e  firld shall  bc c o n s ~ d e r t d  valrl 
O l h r r w ~ s e .  t h r  po!lutant emr.uion lest sha!l 
c i t h r r  br  c o n ~ i d ~ r e d  invalid or Adjustments 
( i f  appronr.rtir I of l h r  Lrsr result5 sha:! be 
ma??. SUSJPC! 10 t l i ~  apcrcva! oi  :he :tdrr.in. 
151 ra ic r  

4 . 4  Barr'mri1.r. Ca!;brx:r thr. barometer  
tl.;rd xeainsi a mc.rcury h ~ r o r r . r i r r .  

5. Calcir!~f~orrs  

C a r r \  out  rx lcuht ions .  relaining rt Ira$t 
ant. r x l r a  d ~ , c ~ m a l  figure beyond rhar of t h e  
ar(iu;rt.d darn Round off f ~ g u r e s  after  final 
ralc.illni Ion 

5 1 t i c~mt~nr la t i i rc .  

A Crohs w-ct~onal area of stack. m 2 ( f r  :I. 
B... Warrr  vavor In t h e  gas stream ( f rom 

Method 5 or  R r f r r e n c e  Method 4 b. pro- 
portion by \.olume. 

C.. - Pitot  tube  coel:icient. d~mensrsn less  
X.. : Pitot tube  cons tan t .  

for t h e  mr t r tc  system and 

for  t h e  English system. 

M+i = Molecular veight  of s'sck gps. dry 3 ~ : ;  
(bet Section 3.61 g!g-mole clD/lb-nolr ). 

BI.=Molerular weight o! st=:: gns. p ~ :  

basis. g/g-mole (Ib/lb-mole,. 
=J?., ( I - E - , )  + i 3 . 1 ~  

E~cP:.:~z :-I 

P,. - !3nron?tr ic  p r c s c r c  t t  Eerrr:r-mc:.' 
s i te .  rnm HE tin..Hp~. 

.D. = S t t s k  St9:Ii pr?sSGre. n m  i i ~  On. ;i;: J 

P.= AbsoIul.r s tack gas DrCSUre. mrn Kg tic. 
HP 1 

; P,, + P. 
Eqtia:t2r. 2-:  

P ,  = Standard  rbsoluie PieT jLTC.  76:. ma?. 
Hg (29.92 in. Hg) 

Q,=Dr)' volt;:aetric slack grr,   is^ rz i r  z s r  
rrctrc! to  s W b a r d  ccn82!:ic;'~. &-- ' 2 :  
cdrc!,'hr!. 

L S:;-L ::rnpe?:lcre. 'C :'Z: 
T, hb;aiuL.- s:ac': telgcr:*u;c. ':C. ;': 

273 . L far metr;c 
E G . ~ & ;  .:f :-- 

<dO - :or 3 ~ 3 , ~ ; : ;  

E$23::or. 2 -? 

T.,. Sl.ar,.!srC .%hsolti:e Lem;er::ui-c. 2:3 ':.: 
(526 Rl 

I,.- V r l o c ~ t y  h e r d  of stack ges. n m  H,O f i n .  
H,OI.  

.GO0 I Conversion factor. sec/hr .  
18.0-Mclecular weig!:r o! waler. g?g-mole 

1lt:iL-=o!e; 
5.2 Aversgc stub gas velcxity. 

5.3 A;.:rnpe stack g u  Ciy vcium?:r!r [lo- 
rate.  

Equation 2-10 
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4. ~ n n c i p l e  and  Appl tcab~t t fy  

,- ... 1.1 R ~ n c ~ p l r .  A g.s sample. ts cxl rac t rd  
f rom a stnck. b>- ofre of Lhr follou.ing m c t h -  
ods ( 1 ,  s tng l r .po~nt .  grab urnpllng.  12) 
singir .poi~it .  In t rgr r t rd  .sampling. o r  ( 3 )  
mul;~.i>oint. in;rrrntrd u m p l l n g  T h e  srs 
srrnplr Is ona:c.zed fcr p e r c ~ n t  car'3i.n diox- 
ide cCO,. p?rr??:. ~ x y g r ~ :  I C . , ) ,  21s i! r . f c z r -  
s r y .  Wrrtr . :  ca;t;n .z;noxidr :CC':,. :I ; 
dry moluu!ar  wtight  d r t e r m ~ n s t ~ o n  is Lo be 
nade. t i ther  a n  Orsal or a Fyri tr  ' ana lyzr r  
nay br used fcr  [ h e  analysis. for rxcesi a!: 

tjr ernlssfon ra te  cor rec t~on  fnrlo: d e l r m r .  
nation. a n  Drsa! anaiyzt-r mcct be :~zi..: 

1.2 Appl!csbil!ry This method is a2pfic.r. 
ble for d e L e m ~ n i n p  CO, and 0, concen:ra. 
Lions. rxcezs air. and dry molerula: we!gh[ 
of a srmp!e !ron a ges stream of a f o s ~ l -  
fur !  combus:!on procrs  The mr lhod  =a:. 
also be app1;cst . I~ t o  o ther  procr.sses where 
i t  hes bcen d r t e - r n i n ~ d  I?.at conpoune:  
o ther  than  CO,. 0, CO. and nltroprn r n , ~  
a:? not Eresen: In ro~lcPnlral!ons su!ficler: 
to r!:ecL :he :"S.LIL> 

O l h c r  ni3::-,03.,, ai uoi i  i-F rnodi: :~x:10~5 :ii 

lnc PTWLC:,:~. Jes:r!S.z t:rre~ri ?.:i also a ?  
pl.crc:e Is; 6 i l . t '  ~i ail .>: !kc i t v i r  der r r .  
rninaiions I x 2 n p i ~ ~  cf sp..c;f!r method.s 
and  mcd,i~c:::in; inc iu l s .  1 1  : a mr;::~-r!o:.:' 
sanp! :nc  r .? th~:  ii:;;?.: f:i Cis?: ana1y7.t.: i , ~  

ar.ai);r In2i;;dual r r s S  sarnpl~.s oS:air.?c a! 
r s c h  point. ( 2 :  a rnr:hor! csl:;~ CO. or 0:  
and st~~cf~rom!-l : ic  c s i c u i a l ! ~ ~ ~  L O  d c t r r r n ~ n c  
671.' molrcuI1: ueIgh! snl excez i  a::: 121 u- 
slg:!ing i vale: ol 30 5 for d;j =o!r:u;r.r 
u e i r h l .  in 11ru of actual  mrn-uremri l :~ .  for 
prorrrqes burn:r.g na:urai p u  coa:. o i  OI! .  
T h r s e  mt.thods and  mod:l~cations may b~ 
usrd. but a r e  sub!rrr to  l h r  & ~ p r o \ . a !  of t h e  
Adrntn;sttaro:. U.C E.?:.irsnmen:ni Proit,: .  
lion A ~ t n c y .  

2. Appcrat~is 
As a n  nltrrnnltve lo  t h e  samplrng appara-  

t u s  a n d  ; i z ! i , r n s  d :scribed hereln. o ~ h r :  
sampling si.slcn;s te.g.. liquid d~splacr rnrn i  r 
may b usrd provlbed s u c ! ~  systems a r e  ca-  
~ n b k  of obtainlnp a rrvrrsen~aLive .sarnplc 
a n d  malrttalnlnp a ronsmnl  samplinp r a t r .  
a n d  a i r  o t h r r x i s r  c a ~ ; i b : r  of )leid:ng s: 
crplable rrsul:s Use o f  such systems is suo-  
J P f l  l o  t h e  r rp~rovnl  of t h e  Admin~s t ra tor .  

2.1 G r a b  S a n p l ~ n g  (F igare  3-1)  
2.1.1 Probe  T h e  p r o k  should be made G !  

s l a l n l r s ~  s t r r l  o r  b o r o s i l ~ c a ! ~  glass t u b ~ n g  
a n d  should bf. equipped u.iih a n  in-stack or  
our.slack f l l t r r  t c  rrSmolr  parL~culate rnrL!rr 
tn plug of  nlacs u.001 is rat~sfacLory for Lhls 
p u r p o s r ~  An)- o t n r r  maierlr ls  inert Lo 0,. 
CO,. CO. a n d  N. and  resistant Lo tempera.  
Iltrc al  5arnpl:np condi t~ons  may be used lor  
t h r  probc. rxarnples of such material a r c  
nlumlnkrm. c0ppt.r. quar tz  glaw anl: Teflon 

2 1.2 Pump. A one.way squeeze bulb. o r  
rqurvrlrnr ,  is  used to  transport  t h e  g r s  
sample to t h e  analvzer. 

2.2 InlegraLed Sampling (Figure 3-21. 
2.2.1 R o b e  A probe such  u Lhai dc- 

wribcd in Section 2.1.1 is suttable. 
22.2 Conderuer.  An .Ir-coolrd o r  water-  

cooled condenrer. o r  o t h e r  condenrer  t h a t  
wfll n o t  remove 0.. CO.. CO. m d  N.. may k 
w d  to remove excess moisture which would 
Int+rfen? with t h e  opemtlon of, t l ie  p u m p  
m d  flow meter. 

2.2.3 Valve. A needle vrlve l~ u w d  to 
U J u s t  s u n v l e  rrs flow rate.  

2.2.4 P u m p  A I&-fm,  d l p h m - t y p e  
pump. o r  cgufvrlent. h wtd to trrnsport 
u m p l e  IS io t h e  nexlblc b.p. ImU11 a 
mall rurge  Lmk between the pump m d  
mk m e k r  (o ellrnlnate t h e  pulsrLlon effect  
of the diaphragm p u l r . ~  oz t h e  rcits=cfer . . - - i .  2 .  T*,e ;.f:?;- ?. .r- o r  
~ 1 :  J ~ ~ X I :  i-%d z.e*kr, b z d  z , : c ~ ! C  *&  L-.;%- 

blc of measuring n o %  inLe LC w:thin x 2  per- 
a n t  of t h e  ~ I e c t f d  floa rsk A f : ~ =  n t e  
!-%:re 6.' 50-3 rn 1W cms/min Is suggested 

2.2 6 Flex!Dle 3r& h y  1eak.free ~1~s:;c 
(e;. T e e - r .  Zi:3ih-. Tefic.?~ o r  p:ut:c 
ajs:& &Js~T!nuol tc.e. Plcmutlzr3 My!ar) 
& o r  equlvllent, having a capt~~ft)  con 
uscent wfth t h e  oc leckd  now ntc m d  t ime  

length  of t h e  test run. may k used. A ca. 
pacity h the of 53 to 90 liters is sug- 
gesled. 

T o  leakchtck the W .  comet: I: to s 
water  mkraometer m d  Pre t surkc  tthe bag ro 
5 La 10 cm 3,O ( 2  4 !a. H-G). .Xi!:- : L  
sL:~?~: f:: : p  dss:,:<. d42:y .:+: .<*:.::- .. . ,.: 

Lhe wr:er i-c2~?cne~x: Indic-'cs 1 1t:::;. .:-.- 
. I tcr r .y t t i  le-&-check ne:hc;: 4 to ;:.:r;ur. 
k t h e  b g  to 5 to I0 cm Y.9 ( 2  tz 4 in. E:,@) 
and allow Lo to~urd overnigh:. A deCa:c.? k . 5  
1ndicaIls a lc-A. 

2.2.7 Pressl;;? 2-&age A wsL?r-!il!ec 3. 
tube nmoinc?er, o r  egcl-c!en:. o! -_'-: 2: 
cm (12 In.) is wed for  the fiexihie b e  iesk.. 
check. 

SPUlEZf 0UL3 ' 

F~gure 3 1 Grab r2npllr.g :rain 

A I R . C O O L E O  
CO#DENSER 

PRUBE 

F I L T E R  
(GLASS W O O L )  

QUXK DISCONNECT 

i 

'Mcntron of t rade  names or  sprcrflc prod. 
UCLS doer not consl l tutr  endorsement by t h e  
E n \  ~ r o n m e n t a l  P r o t e c t ~ o n  A 

printcd;Jrom-CCR +Title 4 0  dated July 1980 

pages 310- 315 
I . - < a* "I * 

- - - * -  _ - -  
- - -. - - - -- --- -- -.--.--l-r. -. ---__ - - . . I  - - -  -..-- - 



>. 
* 

i ..; 2.2.8 Vacuum Gauge. A mercury m m o -  
meLer. or  equivllent, of a t  least 760 rnm Itg 
(30 In. Hgl k used for the  sampling t n i n  
leakcheck. 

2.3 Anrlysk. For Onat and  write m a -  
l p r  malir1er.ance ~ r d  Q-pention p r c c -  

!=j:;..; ;>- ,.... '.... - 4  ,,...- . W L .  ......,,. A r?Conr.c?..:-2 
by ...dad._--rnr. --...,.r- .. . ,  2z;tss 0:hcn.,i5c s-,.:c- 
!fled herein. 

2.3.1 Dry Molecu!a: Weight D e t e r m i ~ a -  
Lion. An Om: ~ ~ z ! : : z r r  cr Fyrirr type ccm- 
bustion ~ ? 5  m:l!;.z:r ;24y be used. 
2.3.2 .2~~hL;6j01: 2 n : e  Corrhc:lor~ k c r o r  or 

Excess Air Detemir.z:ion. iiii Orsat anal:.?. 
e r  must be wed .  For low CO, (!err t h ~ ~  4.0 
PetCtntl or high 0, (greater that 15.0 Xr- 
Cent) cor.c?r.!raticrfi. t h e  rneuurinz buret.:? 
O f  the C ' ~ 5 3 i  iR9sL rL.9.; SL ~ ~ ~ 5 1  0.1 pzrC?:i: 
sut;divls~ons. 

3. Dm/ M o i r c d o r  U'r:gh! Delrnninci:cn 
An). o l  :?e t:?rn-. 52.:7yl!::6 ,a::': a?a::,.::t:! 

prccrdl;;~: :fszr,':.?d -.a]o; --;) tir ::~;e '-- I C .  

de:erz:ni?..: :kc 3:: T . L ' C C ~ I ~ L T  ~ t i g ? l l .  
3.1 S:ng!r.Fo:?!. Grab Stnpl:r.l: t7.5 

.4nriy!!cn: ?::'?-,::..re 
3.1.; The  s--,!:n? po!r;: !:! t k r  d1:cl 

slia\i el:f;er be rl rhe cer.lrold of tile c r o s  
sec:1on or 5: s PC;!:: GO c!oser LO the uc!!s 
that, 1.00 z t 3  3 f!!. unless othtru.lse zptlc:. 
fied by the :'~din:.::strzlo;. 
3.1.2 Set up the  eqilrprnent ns s h c r n  in 

F : ~ u r c  3-!.  ~ - . k i - . t  sure 8:)  ccnnec:;;:~ 
aruesd cf the &r.a:j.se: arr  ~ y h t  and lea::- 
free. If and Orsar ana!yzer is used. it Is rec- 
ommended it:&? the  mnlyzrr  be learted. 
checked by 1oIlouini; t he  procediire in *- 
tlon 5. h ~ u t v e r ,  t h e  :esk-check is optional. 

3.1.3 Pl2ce che probe in the  stack. wiih 
the  tip of t h e  probe positioned at  the's-- 
piing paint: purae the sampling line. Draw a 
sample into the  onsigz?r w.5 irnmed:%tel:: 
r n s l ~ z ?  I! for  pt'rcrn: CO, rnd x r c e n t  0,. 
De!err. : r r .  i?*: ;..?TC:.?:~~C GI !he ;a :hh: !.; 
N, and CO by sub!rrciing the  sum o! the  
Percent CO. m d  pcrcen: 0, from 100 per- 
cent. Calculate the tiry molecular weight u 
indicated in Section 6.3. 

3.1.1 R e ~ s i  the sampiing, anslysis. ar.2 
calculatror: proced2res. until Lhe dry moler- 
ular weigh& of rr.y three grab samples 
differ i r o n  their  rr.ean by no more than 0.3 
g:g-mo!? (0.3 Ib/ib.moie). Averoge these 
three molecular weights. and report the rc- 
1~115 Lo &he nearest 0.1 g/g-mole (Ib/lb- 
mole). 

3.2 Single-Point. Integrated Sunpl ing 
and Analyt~cal Procedure. 

3.2.1 The  sunp!!ng point in t h r  duct 
shall be Iocsted as specifred in Section 3.1.1. 
3.2.2 Leak-check tou t~ona l )  t h e  flexible 

bag u in Section 2.2.6. Set up  the  equip- 
ment as shown Ln R g u r e  3-2. Just prior to 
mmvl~ng .  Ieak-chcck (0ptlOnall the  train by 
placing a vrcuum gauge at  t he  condenser 
inlet. pulling h vacuum of a t  knst 250 mm 
Hg (10 in. Hg). plugging the outlet at t he  
quick dlconnec?, u?d then turning off t he  
pump. The vrcuum should remain stable for 
a t  l e u t  0.5 mlnure. Evacurtc t h e  flexible 
bag. Connect t he  probe and place I t  in t h e  
fuck ,  with the  t!v of t he  probe positioned 
at t he  samplinr point: purge t h e  u m p l i n g  
line. Next. connect the bag m d  make sure 
tha t  all comcctions are tight and Ierk free. 

3.2.3 S.mple a t  a constant rate. The  run. 
pllng run should be rimultaneous vith. md 
for the  w e  total length of time as. t h e  pol- 
lutant emlaion rrre determination. Collec- 
tion of a t  l e u t  30 ll~et-s (1.00 It', of m p ! e  
ru  is recommended: however, unl l ler  vol- 
umes may bc collected. I f  desired. 

3.2.4 Obtain one integrated flue gas 4. Etnusron Rate Correction Faclor 3 
cunple during each pollutml emissron r a i e  &xccrs A l r  Dclcrmrnal~on 
d e ~ n n i n r t f o n .  w i th in  8 hours s f w r  t h e  
u m p l e  Is taken, e ~ a l y z e  !t lor percent C 3 ,  
a n d  perrent 0, using elther Itn O r s t  m a l p -  
e r  or L >r!te.:y~* co.mh?!stio~ ,~zi nc?::,~cr. 
1; -,? er:>...t r.:s:;,ztr k -2d. t: is i.~;:;?,. 

mr?!ded :.-.z: tile Grss? !elk-:heck i',.rrcr;bed 
in Section 5 Ce performed before this Getcr- 
mination. however. the check Is opt!onal. 
De teminc  Lhe percenrag? of rhr  g e ~  thst is 
N. and CO by subrr=ctir.p t t c  ruin o! t h e  
w;tlen! CD, m d  wrcent G,irorn :W per- 
cent. Ca1culr:e the  dry moiecxkr seigflL 6s 
tndiared in Secticln 8.3. 

3.2.5 Reper t  t h ~  ~ ~ a l y s f s  and cniculation 
DrxeCurez u;,:i! the  indlvidua! r?z!. :r.o;ec;- 
1 s  weigh& io: a.ny Lh:ze k.1riyses d:!:er 
from t h e r  mean :by no n o r ?  thar. 0.3 g l ~ .  
mclr ( 0 . 3  1b;IS-mo:ei. Aver?sc thew three 
molecclar .sei;?.*~ %:d repsrr :he ;?r:;:tj rc 
the nelrer: 0.: g:c;..;-.c:? ! 2 . ;  ;':. Iz--..-;- / . . . j .L . 

3.2  ?d.b~::i.Pc!2:. :::;Lc;r::,:; Z>.;Y.>:.T~; c.r.5 
PC.ftx:y::r?l P! czerii: re. 

3.5.i Tjr.;ezs ot:':r~.s3? s;ac::It? 5:; :k,e 
A~T.:?.~:;:L:G:, 3 ~: '~ir . :r ,zr.  >: .:::h: t::-.~,?:,se 
po!.?Ls shnll b-.= ::seb fc i  c!:c,ilzr s;ac:'.s 
har.!r.; 6:meLers I t s  than 0.61 m !24 .::.:. 2 
rr.inirn~:~x ~r nire ska:i be 9 5 3 2  fo r  r;c!r-2s 
lar s L a ~ k s  hscinz z~bi<.alen!. diaz;r:r;s 1e.s 
,:---. . . ~ - a ;  2.C:  ( 2 4  in i .  LXC 2 mi:?:.?~.z C; 

tuelve traversr points s.C.z!I te  mod !31. 1!1 
a!!?!:? --. -.-,. j- T h p  :.:averst: po::,:~ .;-,:;!: > ?  !-. 
crL~.2 r:c~rd::-;,? ti. f < c ~ h o d  :. Tlic ~ s i .  o i  
fewer po!nu is SUSJ~CI to rrpc"rovzl oi the  
A.'rninls:;a:or. 

3.3.2 Follow the procedures out!imd in 
wc:ions 3.2.2 throegk! 3.2.5. excep! 13: t h e  
folls.&:nf. Lra*;e:-st ail s a m g ? i n ~  pcrn:s and 
s8mple at each polnr fcr an equal ieagth c: 
time Record samplrng data as shoun  in 
Figure 2-3. 

Norr.-A Fyrlte.type combustion g u  a m  
Iyze~ Is not accectablr lor cxces  rtr ur ernis 
slcn rate correction fsrtar dotr--3:rar;sr 
~r.!,?;; ?..=;rcc:d b y  ?hi; .id;?i::;;:::r:c. :. 
t ~ i 2  percent CO, xn2 :-err'e:': G ,  ore zt.-s-r 
r;r:c?, the ant!ytical res;~1~s 3:  611y OI ii'.t 

three ppocedurts given below may also bt 
lured tJr caIculaLing the dry noiecu!a~ 
weight. 

Each of the  I?.ret procecicres br!oa. sha: 
be used only when s~eci l ied  in an a3plicsS!i 
subpart o: t!ie standards. The w e  sl ihec-t 
procedures lor other purposes must havt 
spec^ific Friar approva! of L i ~ f  .;2r:fr.:::r=:c. 

4.1 GingIe-Point. Grab Sa.=>ling h ~ c  
Analytical Procedxr.!. 

4.1.1 The s a m p l i ~ g  poin! ii-i the C u r '  
sha!! pither be a! the c~~.t:old 0: the c . - r~5 
wc:i~r. or s: a 2c:nt r!r c:cr.c: t: rt: .:.a;:: 
th?-r, 1.N n <j.S it). UZ;PSS C L ~ ~ ~ . T I T +  ;CY. 

fie(! >!. !he Adz1?.;x:rator. 
4.1.2 St.: UP t h r  cauipme.".t zs s;:c;.r: I:-. 

%::re 3-:. n a h i c g  sr?:? a!! csx-.;.c::c.:: 
a h  >* < ,..c..s cf Lh? a.?+!)'zer r:? cis::: ;..-.c. ;::L:. 
i . . .n - .. ~ -. ~ x k - c ? i e c > .  :he Cri;.~ z?.~::-;zi .;CG;.: 
i r . ~  K c .  Ihs  prccc+crt dercr ikd in Gr-:::;r. f 
Thir :csX.check 1s r.an2~:or;'. 
4.i.3 F;ice ti-.: prstt- iz ti!€ strc::. ri:: 

:,:e ::? c! the ~ ; r . k :  pjsi: isr;r~ 21 w~ A... F-, - .  
;;;,:;.: >o:;l:; p?;:?" [he - . ; . - - , I .  =-.. . ...,., -. - I:.:?. S7;:: ; 

=?.pi? into thr anel)ze:. Fcr t m i s l c s  rz:t 
cor:ec::on factor deierrnica::zr.. irnxeliat r 
ly rrnlyze the sample. 8 s  outlined in Sec 
t ic ru 4.1.4 an: 4.1.5. f a r  ;X?cen: CC, )r per 
cen: 0,. If excess air b drslrrd. p r m r c s  c 
follows: ( 11 immediately ma!= Lhe sarr.g!e 
ss in Sectiars 4.1.4 w.d 4.1.5, for percer't 
CO.. 0.. and CO; (2 )  determ!ne the p?rrrr?t- 
wc c! the g r s  that  3 5, by rubtrac:in,' tk.? 
sum 3 f  the percent CO,. pert.::?: 3,. knd F?:- 
cent 20 lraln 103 percent: LP.~ (3;  u~c:A!z:~ 
perten: e x e s  sir u ou+Jir?ed iz Secticn 5.2. 

/ TIME 1 TRAVERSE (2 
PT. I X OEY.' 1 

A V E R A G E  I - 
a Q - Q avg x D E V =  (7 ) 100 (MUST BEGIOX1 

ava 

Figure 3-3. Sampling rate data. 
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3 ~. 
. -: -< ..4.1.4 To-.insure complete absorption 0f 4.2.6.1 For percent CO.. repcat t he  ana-  areturd. Lcakine r u b k r  connec~ions must 

\ the  CO,. 0,. or .if app:~caS)e. CO. m e e  re. ~ytical  procedure until the results of an). be re2laied. After Lhe a;lrlj.zer is r e m e n -  
peated passes through each absorbing MlU- three  analyses differ b y  no more thar (a )  0.3 bled. the  leak-check procedure must be re- 
tlon unti: two coueCut i~?  r ead ing~  are the  pcrces? bj. v ~ l u m e  =he:: CO, is grrater than peated. 
m e .  Scvc.rs.1 passes (three or four)  shou:: 4.0 pe::ent or tb)  0.2 percent oy volume 

II be made k t w e e n  rend!n(rs. ( X I  c o m ~ n t  -he- CC, lr ies- .L rklr: .-., or ?qua: . . + I .  to 4.0 p e r -  ., '. Calcdot:on' 
renC;?.&.$ c.>:,o: ::e ~!'!.:;.pc.~ z!::; t h ? ~  con. ,.=,-.. t ., c-."" 

- . . . . . . I \ : _ . . . g -  ... ....... r C . . r . ~ ~ . L  - .  5.1 Sc!ncnc:::xre. 
recs:ire i:&Li!::s. rc2:xe  ifie nhurb:nz SO- pricrr.: CG, fl.: re:or: the resulu  to ihe  
lutior..) nesrrs: 0.1 percent. Ma= 37,. xo:ecc !~r  weiz>::. g.'a.rr.sle (;'-,'I:. 

4.1.5 After the  ana!ys~s is comple?ed. 4.2.6.2 For percent 0.. rrpcat t he  m a l y t -  mole). . 
Icrkcheck tmandntcr, the Om: anal)zrr imi prnccdurc cn:!l t he  resulu  of pny three  46EA=Perdtnt excesS air' 

I 
0- **fir. u dezcrlbed In W t i c n  5. For ma]ys,-s d i f fer  3y n o r e  than ( a )  0.3 per- %CG'=Terccnt by vclumc 
the  mclti  of t h o  aca!ys1: Lo % v!L!ici. :i"..r Lynt by voi&je %hen C., 1s less Lhan 15.3 

?LC,-P.rrcer.! C', k y  volcme ( 2 r j .  5 ~ ; ; : :  

Orsot a n a l p e r  ~ G C :  p ~ l i  this l e d  tt;: w.e:ctlni or (b! 0.2 ptrcen! by vo!urne when %CO= Percent CO by volume t d r ~  bfi;is~. 
before and a!ter the  malysis. Nm.-Since 0, is g r r r t t r  than or tqual  M 15.0 percent. 

LT"N'=PrrC'r:' C' b y  VOiuxe  
0.264 = X s t i ~  of 0, to N, i ~ i  air. v/v. this sinele.win:. c o b  mqp l in2  mal!ft- A v r i w ?  the  three acceptable values of  per- O,*,EO- y,,! cy.G 

welg...t 3f N, o: CO, ,=i.,ic- i d  procedure in n 0 T x i l y  C C R < U C ~ ? ~  in c5:-:- c-n: C ,  r;d ;?c.::: ~ h r .  rerc!s to the  r.ea;crt 
junctlcn i%'ltk r s ~ C E ~ ? - ~ O I X : .  z:b i%--"- ..h'~,.e: C . 1  ?c:c~:;t. 

er! k:. !00. 

and malyticzl procedure for a pollutant. O.3ZO= Moler';lai ve isht  of 0, a:viled by 
4 2.6.3 For percent CO. r e x s t  t h?  B R B -  

Onl>- one t r . . r :ys:S is crdlncr i !~  ConiluC;.i.. Iy:)cz! 2rbcr<;;:r unrl: [he  resiila c. ;.r.; :Go. - 
I h e r ~ f ~ r e .  zrea: care zz:t he :,- three :..;..-.::.:.~r, di:!:: 25. no morp thr.r. ,:.3 O . 4 4 C  = FicI~:cz.%r wr:g?l 0: Cg, d:v;le:: t;= 
obte!n a valid sac?>!? 326 nnciy:: $.:. - - - -  - .  - .:,:,:::L-.z ;.'- tp.rnF scTr-s:.,::;e :GO 

Lh~uz::  ;?. mc.:: r s - z  cn;:; CO, or C, :s ?.;. ,,.. . , - -  - 1  .- ..- .... .-- -.., A -..-\, r , -. . .-... ,... -.,.. . -,..... . Lh? r?rc:> 5 . 2  :=?+-.:<:;L z x c e s  .!,,:, 2 2 : : : ; : ~ : ~  ::7,c . -c:.  
quirec. !: is r e r ~ n n c ~ d ? :  ~ h ? :  t; .>~h CO, t-, :np ne:.r3;! 0.: zcr.:-nr test ex?:-% a:r (j.! a;pL;~c>~?~. t y  z:>;:;:.::. 
and 3, De mcasarrc. 2nd tha i  C:ta:lon 5 in 'I.,?; A::rr r:le ilr.:~:).sii LS cozzlerec! inz rh? r;-,2:cp::ate vi:urr 0: ,- ei+:.:-i; Q:. 
the E!t\i:oerz;.?,:; 5~ use.' t c  vz:::r.rc t:-.+ ~ , ~ ~ k . . ~ . > . , ,  : .--- - J  ...fi-. 

8 %  -., . , S . ' I . .  --.. ". .. t h e  CX&i LZ-;~;?: Ct'. .%r.c? Y, !r:i:;inr;C !ism &_ti.;.:? I.:.? zr 
inalytica! da:a. anr0 8:iin as dcs;r.sc-d i r ~  Secricn 5, a::. 4 . 2 . 4 )  !R!.J :%:,;~L.x :-I. 

4 ? Slng:e.F3in:. 1n:egrl:cd S~7:p! ;ny LT?F I - e s : . ! ~  of t h r  mh;ys:s to b- vnii2. t l ; e  
Ir,d Analyt!cn! ? s ~ , t d u r e  Orsa: ana!:;~?; mcs: pa:s this Irk:< t e r l  c ,  !,.jrJ- r;f 1:- o..-,f;ro 

4.2 .1  The s~AT?..;:.~,;; psln: in t5r. l u r :  in r?,; anaxsrs x o i e  ~ ; : ! : ~ ~ ~ . k  I L.-e ,. -,,- 9;. t , - (,\:  .. [ ycCj:- 2 .> <;[?<I j d  
shi! !  be lcc?.t?d 2% s;rc1!::3 :r. 5rc::cn < : i .  in ;ric2.L ;azLAnze5 c:::,, <;G: or  ,2, Ls r p Q z j  

4.22 Leak-check trnan2atcjr).r t h r  flex!- i t  is rero-m?nded (s;: bo::, CO, nrrj  C ,  ';,, l-:q!:?tit~!! ?-  1 
blr Sa,- ss in S ~ r : ~ u r ;  2 . 2  E Pe! c ; ~  :kc r<y::: nt,.,;:.-<.l ;nb : ? 2 :  C.:~::nr? 5 ir. t ! i e  S;!I- 
n C r . 1  -- shc?.:. :r: ?:gu;r 3 - 2  Jus t  .;riot L C  l,ogrdp:,y jz t o  i.2:;date anlljlic;..i ?;~iz -The  ~ Q C Z ~ I O P .  S>C..C s:r.-.?: ::::,: 
sampling. leak.check (mnnbsloryi the  tm::: dats. a m b t ~ n i  el: is used as th?  sa-r:? c! C, snd 
by ?iac:~,g a vacucrr, gauzr a1 the z o n d e ~ s e r  4.; !rlul:i.Po~n;. I n r e ~ r a t e d  Sanp!~;lg a:i< tha t  :be :aeI cces noi cor.:k:n ~;-r:c:z-le 

.I inlet. pulling r vacuum of a !rest ?5C mm Hg Analytica] procedure amour.:s of H. css do coke oven or b:~zt  !CT. 
(10 in Hg). plugging the  outlet a;  the ~ u i c k  4.3.: Both- the  ninim!jm number of sam. nace gases). poor those c u e s  when a?7r?r:a- 
discongec~. and then fg:ni~z  off rhe WI?.; pliny porr.?s and the m p l i n g  point location ble amounts of N. are present (ma:. ci!. a?.c! 
The  ' 'a~uum shali remain s u b l e  for  at  least st,all be as swdftd in Section 3.3.1 of  this natural gfts do not contain sppreclxble ' 

0.5 minute. Evacuate the  flexible bag. Con- metnod. T h e  use of f rwrr  poinu than spec]. . m o u n t s  of Na) or when oxygen mrichrnent 
nett the probe an? plzce 1: ir: thf srack, fied 1s sub~ec: to thp a p p r o v ~ l  of t he  Adnlln. is used. &iternate nethodz. subjec: to EF- 
with t h t  tip of the  prsbe posltionrd a! the istr2tor, prctal  c: the Adminbtralor. a:? r?;ulred. 
mnplir.g pc!r,t: purge th? sanp!:r& !:r:-. 4.3.2 Follou the  procrdurcs cut!:ner: in 6.3 Dry Molrcillar Weigtt .  Use Equaticn 

! Next. connccr the ba; and make sgre that  6ecrions 4.2.2 through 4.2.7. except for t h ~  3-2 to c a i c ~ l a t e  the  dry mo!eculu ee i sc t  of 

i , all connections are tight and leak irer.  following: Traverse a!; sarns!lng p0ir.s  and t h e  stack zas 
4.2.3 Sample at a COIIS:3nt rate. or as ~ ~ l r r p l e  a t  each point for  an  eq.~111 length 61 M. =O.+CO(~CO~) i0 .320 (%0~:+  

specified b.1' the Administrator. The s a x .  Limp. ~ ~ ~ r d  d n ' a  rs sho.;n i n  
Pllns run must be s imul t aneo~s  u.iih. snb plgure 3-3.  

0.260( %N, i %CO! 

I for t he  same total Iengh of time r r .  the pol. Eqiiation 3-2 

lutant ernisston rate determination ~ o l ~ ~ ~ t  5. Leak-Check hccdurr /or Onat Analyzers NOTE.-The above tquotion does no: con. 
at least 30 l ~ t e r s  (1.00 It ') of s a . n p 1 r . g ~ .  ~~~i~~ an orat malyter freQuent;,. sider irpon in air cabout 0.9 pcrcrr.:. mo!e- 
Smaller volumes r.lay be collected, sublert causes it Lo irhk. Therefore. an  Orsa: an&- rulars 37.7). A negative 
to a ~ p r o v a l  of ~ h r  Admir~tstralor. lyzer should be throughly ~ ~ ~ ~ . ~ h ~ ~ k ~ d  on rbou: 0.4 pfrcen: is introduced. The  Le~Ler 

4.2.4 Obtain onc in tegra~ed flue g u  site before the flue g u  sample is lntroductd Opt Include argon In the u;al).sis 
Sample during each pollutant emission rate into it. The  procedure for leak-checking an using procedures s~provn l  cf 
determination. For emiss~on rate correction Orsal analyzer is. Administralor. 
factor determination. analyze the  sample 5.1.1 Brinp t h r  liquid levrl in ea rh  pi- 7. ~ , b l : ~ ~ ~ ~ ~ h ~  
within 4 hours af ter  i t  is taken for percent w t t e  UD to t..r refercncc mark or! the  capil- 
CO, or  pcrcent 0, (as outlined in Sections lary tubing and Lhen close rhe pipette stop- 1. Airshuller. A. P. S ~ o r a g e  or Gases and 
4.2.5 throuah 4.271. Tht. Orsat analyzrr cock. Vapors in Plastic Bags International Jour .  
must br leak-check (scr  Section 5 )  belc:e 5.1.2 Raise thr level,np bulb sufficiently nal of Air m d  Water PolIution. 6.75-81. 
tlre analysis. If excess air is desired. proceed to bring the  confininu l ipi~ld meniscus onto  1063. 
rs follows. (11 wtthin 4 hours a f t e r  t he  the  graduated parllon of the  burette and 2 .  Conne:. William D.  and J. S. Nader. Air 
rample is trken. analyze 11 tu in Sectiocs then c:a~se t h e  manifold stopcock. SPmpling xi th  Pla t ice  Bags. Journal of Lhe 
4.2.5 through 4.2.7) for perrent CO,. Ot, and 5.1.3 Record the rnenisrus pos~tion. American' Indu t r i J  Hyglene Association. 
CO: ( 2 ,  deLermine the  percenLage of the  gas 5.1.4 Observe t h r  menicus in the  burette 25:291-297. 1964. 
that is N, b y  ,?ubtracting the sum of t h e  per. m d  \ h e  liquid level in the  pipette lor move- 3. Burrell Manual for Gas Analysts. Sev- 
cent CO,, percent 0 , .  and percent CO from ment over the  next 4 minutes. en th  edition. Burrell Corporaticn. 2223 
100 p e m n t :  (31 cblculate percent excess air. 5.1.5 For the  O n a t  ma lyz r r  Lo p w  t he  F.fth Avenue. Pituburgh. P.. 15219. 1951. 
rr outllncd in Gcct~on 6.2. leakcheck. two conditions must be met. 4. M~tchell .  W. J. and M. R. Midgett. Field 

4.2.5 T o  lnrure complrte absorption of 5.1.5.1 T h e  liquid level in each pipette Reliability of the  Orsat Analyzer. Journal 
t he  CO,. 0.. or if applicable. CO make re- musl not fa11 beloa t h r  bottom of the  capil- of Air Pollution Control M i s i t i o n  Z6:491- 
prated p r u e s  through each absorbing mlu- :ary tubing during this 4-minute interral. 495. May 1D76. 
tion until two consecuLive readings &re t h e  3.1.5.2 T h e  mrniscus in the  burette must 5. Shigehara, R. T.. R. M. Neulfchl. and 
same. Scveral passes ( three  of four1 should cot change by more Lhan 0.2 ml during this W; S. Smith.  Validating Orsat Analysis Dora 
be make belwren readings. (If constant 4,minulr inlerval. from Fos i l  Fuel.F'ired Units. Stack Sun- 

4 Wrdings cannot be obtained a f t r r  t h r r e  con. 5.1 6 If the  analyzer fails t he  leak-check pling News. 4(2):21-26. Aukust. 1976. 
KCUtive readings. r+place the  absorb~ng so- procedure. all rubber connections and s t o r  
lution.) cocks should be checked until t he  cause o! 

4.2.6 Repert t he  mrlysis until the  101- t he  l e ~ k  is idrn~if led .  h a k i n g  s~opcocks 
lowing criteria are met: must be disruemb!ed. c1ranc.d. and re- 
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r. 
. 

pable of mtvur- ternwnture to d t h h  1' 
C (2' PI. .hall bc placed a t  the outlrt of the 
fourth IrnpInger. for monltorfng p u r p a u .  

Altcmrtlvely, ury system lnry be u#d 
(subject to the  approval of the Adrnhhtm- 
tor) that mob the m p ! c  gax rtrelm =d 
allow mruurcment of both Ule wokr th r r  
has k n  wnbcrsed  sad the mcbtur: iczv. 
h2: t?.? z;;cc?ser, ~ & h  tO V1tRk. .; z! C.T 1 
S. . 'rcxpL,,e ~ C L !  =C to rneSLu"n the x c -  
d e r w d  voter. efther mvfmetrfcrily or voiu- 
metrially. a d  Lo messure the molture k.w the condenser by: (1) monltorino the 
tempcmtcrc a d  prtxsulr at the ex:: of th? 
conders~r  m d  urlng Dalton's kw Of yartk? 
v w ~ x s .  or (2) w i n e  the maplie m 
.trrYn t h r o ~ g h  a t ucd  s i i l a  re1 tor muf-a-  
lent deslcrant) :mp. with exlt yes kept 
!XIOW 29' C (?J' P), and dclern~i~t l ;3  t h e  
weight gain. 

I! mev.s sLlter f h m  s i l l a  _0e1 h-t %zC ?; 
dekrmint the rrmo.3nt of moir:ur- ! t ~ ; ~ ~ 1 3  
the ccnde.lse:, i ?  is - ini~end& 2.-.: :!I:<:. 
gel (37 t cu lvdenL:  s:l!i ts u e l  kc::;.:...:. :::: 
conderser zyrterz  rr.d DU:ntr. k p-ev?::: 
moisturt condersat:on in t k e  ~LT..: ki.2 z7.e- 
tcr!n,o dec:ces x ~ d  Lo a r o i  the iie: '.c r::L? 
correc~icrs ic: moucure In t i i ~  rnclc':.ed 
volume. 

2.1.2 Cwli~.g Systerr.. An k e  b.:h crn- 
Ulner and crushed Ice (or %uivaler.t) nr? 
used LO aid in condensing mois:ure. 

2.1.4 Metering System. This sys:er;-, ip- 
cludcs a vacucm gauge. led-free pump. 
the.rn:omelers capable of meui;F.x tc"7.1- 
Derature to wlthin 3' C (5.4' F). dry *as 
meter capable of memuring volume to 
wlthin 2 percenl. m d  ~ l a t e d  equtprnent u 
shown in Figure 4-1. Other netering sys- 
Lems, capsblr of maintaining s consun! 
umpling n i e  and detcnnlning m p l e  pns 
volume. may be used, ruhject to the approv- 
al of the Adminisrnmr. 

2.1.5 Barometer. Mercury, m t r o l d .  or 
other bar~meter  capable of n e w u r i r i ~  at- 
mospherjc pressure to uithln 2.5 nim Hg 
(0.1 in. H R J  may be u e d .  In mnny cnsrs. the 
barometric reading n a y  be obbined from a 
nearby national wec ther service station. in 
whic?. c s e  the statJon vniue tvhlch Is the 
absoic:e barorr.etric pressure) shall Le rc- 
rwested and m adjustment for elevrticn dif- 
ferecces between the weather su t lon  ~ q d  
the sampling po!nt shall be spplird a! a x t e  
of minus 2.5 mm Kg (0.1 in. Hg) per 30 rr: 
(100 it  elevation increase or vice versa lo; 
elevation decrease. 

2.1.6 G:aduated Cylinder and/or BPI- 
mce.  These items are used M mersurc con- 
densed water m d  moisture u u g h r  In the 
silica gel LO wi:hin 1 ml or 0.5 g. Cllduo:cd 
cylinden shall have subdivisions no 0es:er 
than 2 ml. Most laborstory b a l m m  u e  u- 
mble of weighing to the newest 0.5 g or 
less. These balances are s u l t ~ b l e  for use 
here. 

2.2 Procedure. T h e  following proctdure 
wrttten for condenser system truch u 

the Impinger, cystem dercrlkd In Sectton 
2.1.2) incorporating volumetric .nrlysls to 
mtrsure the condensed molsture. m d  rlllcr. 
CeJ and mvlmetr ic  analyslr. to measure the 
mokture leavlw the  condenser. 

2.2.1 Unless othervise speclfled by the 
Adrninistntor. a mhlmum of eight -verse 
Polnu nhsll k w d  for circular rtrcts 
havlng diuneters less Lhm 0.61 m (24 In.). a 
minimum of nlne polnrs r h d l  be wed for 
m t r n g u l u  sudo havhg egulv.Ient d i m e -  
Cem less than 0.61 m (24 In.), md a mlnl- 
mum of twelve t r r v e w  paink shall k wd 
ln a11 other crscs. The Lnverrc polnu shall 
be louted .nording Lo Method 1. The w 
of fewer poinu Ir subject to the approval of 

< 

the ~dminbt 'mtor .  Belect a sultrble probe 
and probe length such that all trrverse 
points c m  be urnpled. Conalder umullng 
from oppoulle sides of the r u c k  (four total 
sampling ports)  for large stacks. Lo permlt 
uae of rhonPr pro& lengths. M u k  the 
prcbe wit% heat realr'mt tape or by a c n e  
s!..';;; ;?.~t;;cd 'a Cer,o:e ?at Fro&-: .,'k'd,".cc 
fn;s L 9 t  ilt;fi or duct lor each &z7pilnn 
pckt. PLGce h o x i  vc:umes OI wa:er in :he 
f h l  two Impingem. Weigh uld record the 
weight of the s l l l c ~  re1 to the nesres: 0.5 p. 
pnd t n m l e r  Lhe rl!lca eel LO thc fourth In'. 
plwer: s?teri:tively, Lhc si!!ca sel mcj. iirs: 
be trulsftrred tc the hplnger .  r?.d the 
Weight of the silica gel plus lmphger record- 
ed. 

1.2.: & l e a  r totW ~u?.pI:r.; time xuch 
k n t  n mi:,!mum ;at31 ,PB.S vc:tinc. of 0.60 
ncm (21 scfl ~ 1 1 1  bc mllectcci. at  a n t c  no 
=sk i  thz 9.021 :nl/n;!n (0.75 c!mj. %'*;her, 
both rrro4ture cc.?;ent w,c! p2;icLr.! ernis- 
p i c 5  5 . t ? x ? ~ 1 2  to !x ;e-'et?-kr.1. the -.b!zisr? 
2 ,  e ..... ---, : ..... :-... -..,r. .. :;:; . ... 132 ;~I.?C~:XIL%~& ;:1::2, 

=:I: fcr :he 1;&?\$ :z.,:2! :?i$-h o! t!mr tu~ :t?r 
sa;:u:sAt cr,;a;er. nj:,. *a:csj. c:;-.-%-. .-- 
wke s c t c ! ! ! ? r f  !n ?-r~ ar??lic~-,bl~ :.i:>s;.r: c.' 
ihc s:;urri&.-&i. 
2.2.3 EeL u; :he r=;:!.?z tx.!r: LS rl?c.ai; 

in 3pure 4-1. %ln? on the pro& heater m:: 
( if  z p p ~ i ~ b i e ;  the f::tPr hcii:l:-.z syste- :o 
tcmwrJturcs of x k ~ u :  12G' C (245 '  3'). to 
preven: water conde:-sation ~ h e o d  of the 
caridera?:: &?ow :irr.: :or the tez;per,:u:ts 

.J+L-l.a~~-, -,7 
.-,.iA. - .ZLY c r u h e d  Ice in thz  ice kc:: 

container. I t  Is recommended. but not re. 
auirtri. that a leek check be done. ns foiiows: 
Disconnect the probe from the first im. 
pinger c r  (if appiicablel from the filter 
hojder. Plug t>r inlei lo Lhe fiizt impinger 
tor filter holderJ and pill1 a 380 m (15 tri.) 
He vacuum: r lover vruum ma)' be used. 
provided that It is no: exceeded during the 
test. A leakwe race fn excess of 4 percer,t of 
the avenge rernp1ir.g rate or 0.00057 m)/ 
mln (0  02 cfm). whichever is less. is unsccep- 
Uble. Follov~ng the leak check. reconnect 
the probe to the sunpline train. 

2.2.4 . During the sar.~pling run. mnintnin 
a 8~npl i r . e  mte within 10 percent of con- 
SUn: mle, or s& =r\cilice by the A b . I n n  
tlr:or. For each nm. reccrd the dab re- 
quired or: the c x a . . ~ l i ?  s h e t  ;hoa.r. !;; 
Rgure 4-2. Be sure to r e c ~ r d  t:.e d : y  g-L 
meter r e a i n e  at  the beginning md end of 
epch ampling : h e  Increment and when- 
ever umplinz Is halied. T&e other appro- 
priate readings a t  each sample mint.  a t  
least once during e r h  tlmc Incremenr. 

2.2.5 To begin sampling. mitton the 
probe tip at the l i n t  Lmvem point. Imrne- 
dintely start the pump m d  dju-t  the no% 
to the desired rate. Traverse the c r w  ~ c -  
tlon. runpllng at  each tmvelw polnt for m 
equal length of time. Add more ice md.  If 
necessary. salt to rnnlntsln a temwroture of 
Jers 20' C (68' F) at  the silica gel outlet. 

2.2.6 After colietLinp the  ~ n p l e .  d k o n -  
nect the probe from the f i l m  holder (or 
from the f1m1 hpir.gerl m d  conduct r lerk 
check (mandatory) .s d w r i b e d  In Gection 
2.2.3. Record the lerk nte."lf the ]&age 
n t e  e x m b  the allowable rate. the Lester 
shall either reject the  test results or r h d l  
correct the rP!ple volume u ln &ct!on 6.3 
of Method 5. Next. mcrsure the volume of 
Lhe moktuw condensed to the n e w s t  ml. 
Determine the Increuc in weipht of the 
rflfc8 gel tor rlllca gel plus Lmpinger) to the 
nearest 0.5 6. Record t h k  Information (see 
exrmpfe data sheet. Figure 4-31 m d  u lcu .  
late the molsture percentrpe. rr d e c r l k d  in 
2.3 below. 

eprinted from CFR -Title 40 dated J 
pages 315 - 325 
- 

-.--.-: *", 

2.3 Calculatlonr. Carry out the lolloa.!.?~ 
crlculat~ons. reuinlng s t  least one extra 
decimal figure beyond that of the rcpu~red 
&LA. Round off fbures  . I k r  l ~ n r l  ulcula 
tlon. 

F-rt 1 3 A r u l y l r a l  at* rt(w- rv:?t~ 

2.3.1 Zlornenclature. 

9,-Prrw;:!sr. of pit'xr "%;q:, t:: YL:;:::.:. 

L? :he OW stre%.. . 
X,=Mol.ec.;ih: ne!~h: O? %rbr, :;.n :;i- 

mo!e (19.C lb/:b-mcki. 
Pa =3.ksdl i i :~  p r e s ~ : ~ ?  ( : ~ r  Li:> :c.t::.., -1, 

sL7e as S%r~meLrlc pzs iu re :  xi 2:s ::;; 
6 U  meter. mm Hg (in. Hg). 

PH = Sranderd oholute Cressx-:. 750 2:s 
Hg (29.52 in. Hg). 

R=Id:*I grs comtert.  0.3t3Zt :rr..z Ii;, 
tml;,'(g-motri ('K) for rnztr!c i;:iti ic.: 
11.35 (in. Hgl (!t')/(lS-~c:e~ ( ' X :  :o; 
Ehslish unfts. 

T.=ASsolute temperature nt meter. 'I: 
(*R ). 

T r = S t a n d ~ r d  absolute tempcraturs. 233' 
K (528.R). 

V,=Dry gas volume memured by dry s& 
meter, dcm (dcf). 

AV.=Incrementrl dry ltrs volume rr.easzrerl 
by dry gas meter a t  each *w-.e,rse pc1r.t. 
dcm cdc! ). 

V.u,.,=Dry g s  volume mess~red  by ?he  dry 
grs n;eter. corrected to r ~ - i i d ~ d  conel- 

r Uons.dscm tbscf). 
V,wn~= Vol~me of wster vapor ondersed 

corrected to standard ccnd!r:c:s. xm 
(scf ). 

V-,,=Volume of water vapor cz:lrcted in 
rili,? gel correc*ed to c ~ & T ~ !  ~ i : d i -  
tions. m (~21).  

V,=F'inaI volume of condenser ut ter .  1x1. 
VI-Initial volume. If my.  of condenser 

water. ml. 
Wt=FinaI weight of slllca gel or silica gel 

plus impinger. g. 
w,=Initial weight of rillca gel or s l l i a  gel 

plus implnger. p. 
Y =Dry gas rnezcr calibration fac:cr. 
p,-De-ity of water. 0.9982 g/ml t0.002201 

Ib/ml). 
2.3.2 Volume of water vapor condersed. 



rhere: 
X,-0.001333 mS/rnl for met&! unlra 

-0.04707 ft3/ml lor EngILh unlu 
23 .3  Volume o: water v-r mUected L? 

dlks 6e!. 

when: 
K,=0.001335 ma/g for metric ~ ? l b  

-0.04715 fts/e for ESlglk?. ;s-Ju 
2.3.4 Sample grr vclume. 

rhere: 
K,=OJ858 ' K / m  K g  for metrlc units - 17.64 'R/In. H g  fcr Eng!!sh mffs 

N m . - l f  the post-ltst lead rate (Section 
2.1.5) txccrrFr the a1lcwrb:s rzk.  zorrx: Lhr. 
vaue of V. t? f i u a t f o n  .!-;. rr d ~ c r i h d  In 
&ctlon 5.3 of ?be:hod 5 .  

2.3.5 Mokture Content. 

N m . - I n  1.1urrkd or r n c l r t u ~  drcplet- 
Wen rss s trews .  t z o  d c u ! a : i ~ r ~  h: !he 
rnolsrurc wntcnl of ?fie rtsck g s ~  rhsl! be 
made. O E F ~  ~ b l r . ~  a va:??e ?::s?C: U ~ C ?  the 
=:~::3::< , - ~ ~ ~ : : : ~ ~ . s  (w- 7 - ,  --,A 

..e.t -... . -.- 
another bliied uwrl :2c r ~ s c ! t i  c! ? k c  t i - -  
pinaer &?elvsL. T h e  l aver  cf ...'1ez< :xo 
values o! 8 ,  shn:! ti. ca.zsilcr.~.S cs7r.x:. 

2.3.6 Verlllutlon of Conrtrnt un?pltnr 
mtc. Por each time increment, dctex.3t.  
the hV. .  CnJcu11t.c the r v e w r .  I: ?!I? vz: -~c  
for m y  t k e  increment diffrm frsrr: the 
.Vtr%ge b;' E O r C  Lhz? 1C p ~ x : C : .  T,'::: 
mu:% znd reps: the 7x1 

1. Amrazzmation Ecl tcd  
The appmxl.mrtlon rnethc-e LEC;!CC,: 

below b presented cn!y M z ri;:.:::r.' 
method (see &ctlon 1.2). 

3.1 Appuatus. 
3.1.1 Probe. Btllnless r k t !  s ! a  tubin:. 

xuLflclent1y heilcd to prevent a . - 2 7  tc;::::?. 
P t l o n  m d  equipped with a filter (e!?bcr ln- 
rtrch c r  h e a M  ou:-rtwk) to r?zti.vt LL::::. 
ulok mgtkr. A p;up of g ! W  %GO!. ;?zer:cd 
Into thc end of the probe. h a m:i;:sctc:>, 
ZllLer. 

3.1.2 Implngcrs. T-wo n l d ~ e r  !!r.3lnser.;. 
SLCA -v!:?, -c  .TI .c-,2L-::;,, 7:- ::,..,, -..:: .. 

3 ,  - - -  .. . .  ,. 
. . . r l . r l . . - .  ,..... . ... -... 

tn $c.nC~.r;:~:x noztar.: L-. L?._?..:.Li_.:r:-- 
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3.1.4 Drym ma. ~ u k  w e d  with 
new or m e n e n t e d  6- to 16-mesh Indicattng. 
t y ~  U l o  rcl tor ecuivllent d u I m t ) .  to 
dry the m p l e  gss m d  Lo protect the rne'zr 
h n d  3:m.a. 

3.1.; V d x .  ?ire2:e v?Av:. tO =k;l :::; 
. u n p l t  gX.3 nciw nrte. 

. . a.1.6 P L I . ~ ~ .  w - f m .  d i r ~ h r ~ ~ m  t m ~ .  
o r  cql.fvalent. to pull the gas au~.ple 
through the W!. 

3.1.7 Volume Metcr. Dry S ~ J  meter. zuf:!. 
ckntly .ecur8tc to meuurc the m c l e  

... V O ~ U I I L ~  within 2%. and d lb-&d O V C ~  the 
m e  of n o v  r s k  m d  condftfons x r r u l l y  
encour.ttred d u r n  tsc.>!ing. 

3.1.8 Rek Meter. P.ctsrneter. fc, Ers .Lr t  
U e  fiow range from 0 Lo 3 lpm (0  Lo 0.1; 
cim ). 

3.1.) ~ m d c a i e d  Cy!!r.der. ?3 1x1. 
3.L.13 B-r?z-~?:r. Y~TCYT:, ?.,-~r-!?. 3: 

0tt.e: hzi?!e:.:~, &;<:?::. ::2 L-! :.:-:::,:: 
2.i.5 R ~ V P .  

3.1.11 'JXU:L~T f h z x z .  A: 732 T..? 
:3 , )  In. E,:: z-.nz:. !J k.c ~ e d  ::.: the i:?:. 

pllns ! e i r  c h ~ x .  
3.2 Prwedure. 
5.2.1 Place exoc:ly 5 ml distiller? wa:er In 

each Implnger. 

Lrak check the nmpllnr  trrln rr follovs 
Temwmrily (nsert r v w u m  gauge at or 
new the probe Lnlct. thcn, plug the pmbe 
Inlet m d  pull 8 vacuum of at ] c u t  250 mm 
Hs (iO !n Hn). :YoL-. :kc t i n e  raLc of 
c.\~-~ze o! :he dw jes. mc>r Czl, dkmn- 
Uoe!y. a n t . m e w  (040 c:izk~) a y  be 
btmmrrr9y bLLachrd the dry gls rnetxr 
out:ct to Oetern?Lnt the IelLrge %te A leak 
rrte not In exces  cof 2 pcxe::: c: :hc rker- 
sac sarnpllne r,t= la acreyab!?. 

Mm.--Carefully release the probe inlet 
plul before tu- off the pump. 

3.2.2 Comet: Lhc probe. Lnacr'. It Into the 
slack, m d  m i p i e  u: a cz',rstW?t ~ t t  of 2 
1~rn  (0.371 cfm). Ccntfnue m~ t . l he  &rtll 
t5.f i:r;y ::A z.2::: ;.-;551..2:s ? . h 4 i : \  ;c j j ~ ~ y ~  
(:.; 2 ;  .&?! ::: ,<t .*:,i.. !::U'.: **-;--,- ,. . - L . . . - - 2 .  ,. - -., %: : 
c u r i e 8  cver fro= the first hap!~ger  'a the  
zvzsnd. Resr2 :ex=-tt!~?:. ; )~rs: : l? ,  at?d 
"r;, n t t c r  ~ ? d l n ; z  a ~ . q > i : t t  by 
agtii? 4-5. 
3.2.3 .Qiter &!ecr!:; If:: .xn,>i?. em. 

bin. Lbe contents of the two lmplngers and.  
rneuurr !he -volume La Lht nerres: 0.5 rn!. 

3.3 Calculstlcns. The c?Jcu!al!cn method 
p m e n t d  is des:gr.ec! tc estlnrte t h e  mok- 
lure in the strck -: therr!orr, other dnts. 
which u e  only necessary for cccurrte mois- 
ture determinations, are not co1:ecred. The 
fol!owi!.g equations dequntely estimate the 
moisture content. far the purpose of dele?- 
mining imk!net:c sampling rrL? settings. 

1.3.1 Nomenclature. 

k = A p p r o x h t c  propartion. by volumf 
of vater vapor In the g.s stream lenvfn 
the aecond Inplnger. 0.025 

B., -Wrter vapor In Lhe gss CVCLIII. prow: 
tian t;? volume 

&-?dciesular we!ghL 9: ws!cr. 13.0 g l t  
mole (18.0 1b;lb-mcle:. 

PI ~ A b i u t e  pnssure (lor thls m::ho< 
m m e  u buometric pressure) r: the C: 
g&6 netxr. 

P r = S t ~ r h i d  r5601ut.e p w u r e .  760 rn; 
Hg (3.82 in. YE). 

R-Idea cu c o n s t ~ r t .  O.PC233 fizz H; 
tml)/(g-mole) ('K) for m e h c  unis tc 
21.85 cln. Hg) (ItZ)/lb-mole1 i'E) fcr En, 

(528' R ) .  
v,=F?22! ve!~r;..c o! L~p!z.;-er ~~zt:r:-:. ?.l.r: 

- 7 - , ; . i , , 1  o, i7"- m;..,. <..,-. ,--- -- 
,--.....A. .U.. . ...,...,-.-- '..L i... 

'r, =Dry  gns volume rr.escre: 2 y  i::: z: . . 
meter. t e n  tcrf). 

v .,U,, vcj1tir.p z...l$:<::< *->, .y:: ;. 
IP."F:T. Ccz.xCIE~ ;<: "...i.L .'"' ' -.. ." _ ..- ' -' * . _  - . 

dKm tc!.sci). 
V~,,.,,=Volume of water vryor cor;Cer-se 

c:rrectcd to rtandsrd ccn&fticr;, rz 
tsc!). 

p. = B r s : r y  of water. 0.9D82 z!m! (0.72321 
1b;mll. 

Y-Dry gas meter calibration !%-:or. 
3.3.2 Volume of waWi vapcr c=.:ltcted. 

where: 

HEATED PROBE SILICA GEL TU3E RATEMETER, 

Figure 4-4. Moisture-sampling train - approximation method. 

%W 
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LOCATION COMMENTS 

TEST 

OPERATOR 

BAROMETRIC PRESSURE 

F ~ g u r e  4-5. Fieid moisture determination - approxima;ion method. 

GAS VOLUZtE THROGGt-i 
L IETER i!/r?,) )viEi;? SzTTINC METE: Ti?J?E?ATLr.~; I 

m- mtn (1t3 r r r ,  OC {OF) 
1 

I ----- 

1 
- 

! 

X.=O.WI333 rn'/nl for metric unlts 
-0.04707 1t3/rn! for Er.glsh L;n:Ls. 

3.3.3 OM volume. 

where: 
K.-0.3858 'K/mm Xg for metric unlu 

= 17.64 *R/ln. Hg for Cnglisk units 
1.3.4 A p p r o x h ~ k  rnorsrure content. 

--... 

J i 

4.1 For the reference method, calibrate 
equlprnen: as specified in the follou'tng sec- 
tions of Me:hd 5: GecLlon 5.3 (metering 
system 1; SecLlon 5.5 ttemperrture gauges): 
m d  Ciection 5.7 (barometer). The recon;- 
mended leak check of the metering system 
(Section 5.6 of Method 5 )  &bo applies to the 
reference method. For thc approximation 
method, use the procedures outlined in Sec- 
tion 5.1.1 of Method 6 to callbrrte the me- 
tering system. and the procedure of Method 

-(I 5. Scctlon 5.7 La caiibrate the buomekr .  

= 1'. , 
L ' w * +  v- ,.t.4, 

+ (0.OZ.i ) 

Equation 4-7 
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Thr Almrrjd Co~po~nrion 
[ .::* 1. Principle and Applicability 

1.1 Principle, Pwtlculate matter h a l t h -  

I drawn Isokinetlcally from the  source m d  
collected on a glass f b e r  filter mrintalned 
a t  a t e rnx r s tu re  In the m l g e  of 120iI4' c 

I (248225' F) or  such other temperature a.. 
~pecffled 3:. L? ap>l:cxtiz scL?:.r: of t ? , ~  
s:a...Car.'- or approv.:d ;i:l kl;ninis:ra:c;. 
U.S. Xnvircnme:ltnl Pr3tect;o;1 . - lqcxy.  f o r  

. . a particular applicatior.. The particuiaie 
. . . . mass. which Includes any materlai t ha t  con- 

denses at or  above the  flltrrtion z m p e r e  
ture. is determined grav!netricaily a l ter  re- 
moval of uncornblned r a t e r .  

1.2 Appllcabillty. This method is applica- 
ble lor t he  deterrnlnatlon of particulate 
emissions from sta:lor.s:j- soure-s. 

2. A p p a m l w  

2.1 Sarnpl~ng Train. A schematic of t h f  
sampling trair. nsea in t h 3  raelhod is shc;vn 
in Rgure  5-1. C~ir.c!etc cor::r:icticr: de-..i:;: 
are given in .4.TD-052: rC::~:isn 3 in S ;c  
tion 7); commercial mcde!s c.f this tra::! er:. 
also available. Fo: chnnaes f:on AFTG- 
0581 and for allcwable mcdi5ca:io-a of ti,? 
train shovn in Z'iycrc 5-:. see t h e  . ' ~ i l o ~ i ~ g  
suDsec?io;.s. 

2.Uenticn of trade nsmes or specific prcd- 
uct does nor cons?i!ute enao?sement by the 
Environrr.enta1 Protection Agency. 

T h e  owrat lng and maintenance proce- 
dures for t h e  aunpllng train are  described fn 
NTD-0576 (Citation 3 Ln Section 7). Since 
correct usage Ls Important In obtaining valid 
results. s l l  users should read MTD-0576 
End adopt t5e operlting -d&d r .aintenmce 
~ rocedures  outlined in it. tinless ottle."*'ise 
spxi:ied herr-in. The sampling trein con- 
sists of the  following components: 

2.1.1 Probe Nozz:~. Stzlnless steel (3!6) 
or  2 1 s  with ~tz i -p .  :apered leadlng edge. 
T h e  mple  of &per shall be 30' and the 
taper shall be on the  outside to preserve a 
constant I n t e ~ . a l  diameter. The probe 
nozzle shall be 01 the  buttun-h&tk o r  elbou' 
design. u n i e s  otherwise spec!f:ed by the  A d  
ministrator. If made of s t a l~ le s s  steel. the  
nozzle shall be constructed fror. s emlesq  
tiibing; other m~ie7kbk  0: co%:ructiun ~ 3 : :  

be used. s3b;:ct to the a2procal of tire Ad- 
, . ", ,-..- L-,.. .- 

i .I..., , ..iu,. 
A rw.6- of r .oc!r  : : k s  :ui:ab!c for  isokin- 

etic s,z?l~!in;: shou:i be %.;nil?-hie. e.2.. 0.32 
to 1.27 cn: to  !n.)-or large: if higher 
rolur;;e s.~mplixz trsi:-A are used-inside di- 
cr-.- '-r ..,..- r:cz:-s iz increrr.enrj c: 0.16 cm 
( I[,, ip..\. xsc+. p,-,-,-:o sha!i Se cs:lkraLed ac. 

cording to t he  procedures outlined in Sec- 
Uon 5. 
2.1.2 R o b e  Uner. Borosilicate or quartz 

glass tublng with a heating system cspsS!e 
of rnafntnlning a gas temperatuic a! !he exit 
end durlnz s m p l i n g  O! 12 l l r i . l '  C (242122' 
F). or  s u c h  cther tenpersture ej spcc!:ir.' 
t y  an rppilcahie subpart of the s:sndards or 
~ p p r o v e d  by the  Adm!nisr.-ator for a partic- 
ular application. (The ?ester ma:. c s t  to GP- 
erate the  equipment a: a :rnpcratur: io'~.:r 
than tha t  specified.) Since the act-sl t-x- 
pcrature a t  the  outlet of the prcSe is no: 
usually rno~i tored during sampiir,~, prgh-:s 
constructed according to APTD-0551 ar.d 
utilizing the calibraticn czrves cf A.TI3-  
0576 tor ca!iSrated according to ?he  proc:- 
dure outlined in APTD-0576; wi!: be c o r ~ i c -  
ered acceptable. 

Either bcrosi!icare cr c:artz a!%s 2 x 5 '  
liners -a;' t'e use;'. f 2 r  s'.sc:< Lcr:;-:.rz:,-:.-.. 
up to akcut 460' C ( N O '  I;) qcarr: :izirs 
sha!: be used !pi lerr,prr:Lures teL.:.ter. .iiC 
and 9OG' C ($00 and 1.SJG' F!. z. .~!; :  t::-,cs oi 
liners mag be use2 at ! l i q h z  Lezperzttlr?.c 
t l l a~ i  spec::i':d :c.r si.c;-. p e r i c G  oa[ ?ii;:z. s:>~ 
jrc! to the apyoca i  o i  the Adn;i:;.i~::aLo;-. 
The  softening temperatore for borosi!icate 
is 820' C (1.508' F). and for ;l;artz i t  is l.5i)lGc 
C (.2,732' F). 

CHECK 
V A L V E  

VACUUM 
L INE  

/ 
PITOT MANOMETER IMPI NCERS 

. / \  f7 BY-PASS V A L V E  ICE BATH \ 

THERMOMETERS 

D R Y  GAS METEFI AIR-TIGHT 
PUMP 

Figure 5-1. Particulate-sampling train 
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. .. 3.1.3: Water. When M ~ Y S ~  01 Lhe.mate- .... . . t h e  range of velocity herds  using Method 2: install the noa le  as above or by a leak-free 
rld a u g h t  ln the  Impingers required. dls- It h recornme-ded tha t  a leak-check of the  direct mechanical connectlon. Mark the  

! tilled water shall be used. Run  blanks prtor pitot lines (see Method 2, Section 3.1)  be probe with heat resistant tape or by some 
. , to field use to ellmlnate a high blank on test performed. Detennlne the  molsture content o ther  method to denote the proper d!stancr 

samples. using Approxlmation Method 4 or Its alter. ic to  the  stack or duct for each sampling 
3.1.4 Crushed Ice. natives for the purpose of making lsokinetic point. 
3.1.5 S t ~ p c c c k  G r e x e .  Acetone-insoluble, sam?lin& mte s e t t i ~ x s .  l2etermir.e the  stack Set up ths  train as in F!&sre 5-1,  usins (i! 

heat-stable sllicone grease. Th!s is not nec- gas d r y  moleculai weight. as described ir, neCe5SarSl a very IighL coa: of silicone 
ensary if xrew-on connecton with Teflon Method 2. Section 3.6; if IntegraLed Method grease on ail ground glsss JolnLs. greesing 
sleeves, or similar. are used. Altemntively. 3 sarnpllng 1s used !or molecular weight de- only the  ou:er portion (see k T D - 0 5 7 6 )  to 
other types of stopcock grease may be used. term!nat:cn. the  integrated bag sample avoid possibility of conternir.z!icn by the 
subject t o  the  mproval of the Adminlstra- shall be taken simultaneously with. and for  silicone grease. Subject to the approval of 
tor. the  same total length of t h e  as, the partic. the Adnir.:strator, a gl- Cyc!one mey be 

3.2 Sample Recovery. Acetone-reagent ulate sample run. used between the probe and filter holder 
grade, c0.001 percent residue. in glass bot- &lwt  a n-le s h  based on the  range of when the total particulate catch Is expected 
tles-b required. Acetone from metal con- velocity he&, such tha t  it is not necessary to exceed 100 mg or when water dropleu are 
tainers generally has a high residue blank to  change the nozit! size in order to m ~ i n -  Presezt in the stack gas. 
and should no: be used. Sometimes. suppii- tain isokinet~c samc~ling rates. During the  crushed ice arOu-d the i.?l~ingcrs. 
ers transfer acetone to 2 1 % ~  bottles from run. do not change the  nozzle size. Ersure  4.1.4 Leak-Check Proced3re:. 
metal containers: thus. x e t c n e  b1ar.k sha!! t ha t  t h e  proper Sifferentnl pressure g;ti2e . 4 . 1 . 4 . 1  Pretest Leak-C'ec!c. A pretest 
be ~2 prSor to field u e  ar.6 only a c e t c n ~  is c h z e n  for tke rang:? cf  velositj. h c a l j  e:;. leu!;-cP.?ck is r~coar i~r .c!ed.  511: n?! r e -  
with low blank values ( t O . O G 1  porcenC, shal: c o u ~ l e r e d  (see Bec:lcn 2.2 of .Method 2j. ,quire<. I: !be tester opts lo ccr.<uc: thr  pre -  

be used. In r.0 c u e  shall a bizr;i: value o! Selrct & suitable probe line: and probe test Ir~k.chec'i.. the lol!owin$ procc6;:;e 
greater than 0.001 perter.: of the  weight of length such that  all trsverse p c i n s  czr: be shall 5e used. 
acetone used be subtracted from the ssm?ic sarn9led. For l u g e  sixks, corsider sunp!:r.g After the samp!ing train h?-7 bee2 Z F B , ~ .  

weight. f rom opposite si,jt3 c,; the  Stack to re,jt;c.r- itled. t.Jrn on ar.d set :he fii:c.- s:?c ;;3k:1 

3.3 Analysis. Two reagents arz required the  i e n g ~ h  of probes. heaiir.2 systems a t  t h e  Oesired opersting 
for the analysis: Select a total s-plin~ tirne greater than temseratcies. -4il0w t i ~ e  for the iempera- 

3.3.1 Acetone. Same a5 3.3. or equal to t:r.c minimum lot31 sampling tures to stabilize. If a Viton A O-ring or  
3.3.2  ~ + ~ i ~ ~ ~ ~ ~ ,  &71,ydrsus su!. time specifled ir. the tes'i zrocedures for t he  o ther  ieak-free c011ne~:io~ is used 1- s s e rn .  

fate,  ind:c2.+,iAg ~ ! ~ ~ : ~ ~ . i ~ ~ , ~ ,  oihcr ssec:fic Ir,izs?:j- s..,::1 :ha: 1 : ;  :he sa:-siifi~ b;:r.< ! he  prak? so=!? t; !5c ::ro;c linf-. 

types desiccanrs may be used. subject to time per point is not !ess than 2 min (o r  1esk.chcck :he train a t  the sarn$iz,- si:e bj- 

t h e  apprnvsl of the  Administrator. some greatel Limp in:erval as specif!ed by p l u g $ i ~ g  the nozzle and pcllir.6 c 380 mnr 

4. Procedure the  Administrator). and ( 2 )  the sampie Hf (15 in. Hg) vacuum. 
volume taken (corrected to stnndard condl- NOTE.-A lourer vacuurn may be used, prc. 

4.1 Sampl i f .~ .  The  ccmplexit:: of this tior&) exceed the rtguir;c min:;r,i;m si?pTI ,-.. ' " *  L l lb l  1: is ~ o t  exceelc-d d u r i r , ~  the te;:. 
method k such that.  in order Lo ohtai:: ie!i- total gas sample ;.oiun;e. Ttle Iatler is b z e d  11 an ubes:oa siring is used. Co nct con- - 
able results. testers should be tralned a r d  on an  anproximate average sampling rate. nect the probe to the  train during t h e  Iesk- 
experienced with t h e  test procedures. I t  is recommended that  the number of check. Instead. leak-check the  train by first 

4.1.1 Pretest Preparation. All  the compo- minutes sampled a t  each point be a n  integer , 9fugging the  inlet to the  filter holder 
InenLI shall be maintained and c&librated a c  or an  integer ~ l u s  one.ha!f mi nut^. in order (cscone. if applicable) and pulling a 380 mnl 

i cording to the  procedure described In to avoid timekeeping errors. The sampl:ng Hg ( 1 5  in. vacuum (see Kate immed:ate- 
AFTD-0576. unless otherwise specified time a t  each point shall be the  same. ly above:. Then connect the  probe to  t h e  
herein. I n  some cirumstances, e.g.. batch cycles. it train and leak.check a t  about 25 mm HI: ( 1  

Weigh several 200 to 300 g portions of may be necessary to shmple tor shorter in. H g )  vacuum; alternatively. the probe 
silica gel in air-tight cana ine r s  to the  near- times a t  the  traverse poinu and to  obtain may be leak-checked with the  rest o! :S.e 
est 0.5 g. Record the total weight of t he  smaller gas sampie volumes. In thesr c3jes. sarr.plins train. in one step. at  380 mm E g  
silica gel pius container. on  each container. rhe Administrator's approval must first be (15  in. Hg) vacuum. Leakage rates ir. excess 
As an alternative. the  silica ge! nced not be Obtained. of 4 percent of the average sarnpii:ig rate or 
preweighed, but may be weighed direct:). in 4.1.3 Preparation of Collection Train. 0.00057 m3/min (0.02 cfm), whiche'ver is less. 
t he  jmpinger or samp!ing holder just pr io r  During preparation and assembly of the are unacceptable. 
to train sssernbly. sarzpl: train. keep all open~ngs  where con- The f o i i o ~ i i g  iesk-check instrticticns for 

check filters visually against l ight for ir. tamination can occur covered u n t ~ l  j u s ~  the  sampiing train described in APTD-0576 
regularities and flaws or pinhole leaks, prior to assembly or until sampling is about and APTD-0581 may be helpful. S tar t  t he  
Label filrers of the  proper diameter on the  begin. pump with bypass valve fully open and 
back side near t h e  edge using numbering Place 100 ml of water in each of the first coarse adjust valve. completely closed. Par- 
machine ink, As an alternative. label the two impingers. leave the  third impinger tially open the  coarse adjust valve and 
shipping containers (glass or plastic petri empty, and transfer approxlmatel~  200 to slo%'ly close the bypass valve until the  de- 

and keep the filters in these contain- 300 g of preweighed silica gel from its con- sired vacuum is reached. Do not reverse di. 
tainer to the  fourth impinger. More s i l~ca  rection of bypass value: this will cause u.z:-..r at times except dur ing  and gel mas  be used. but care should be taken LO to back up into the filter holder. If the  de- welghing. 
ensure thal it is not entrained and carried sired vacuum is exceeded. either ieak.check Desiccate the  filters a t  2 0 ~ 5 . 6 '  C ( 6 8 ~ 1 0 '  out the during sampling, a t  this higher vacuum or end the  leak-check 

') and Pressure lor at least *' Piace the  container in a clean place for later as shown below and start over. hours  and weigh a t  intervals of a t  least 6 use in the recove~y. Alternatively. W:~en the  leak-check is completed. first hours a weight- Le.. 0.5 mg the  weight of the silica gel plus irnpinger slow!y remove the plug from the  inlet to the  
change previous weighing' record re. may be determined to the  nearest 0.5 g and probe. filter holder. or cyclone ( i f  appiica- sults to the. nearest 0.1 mg. During each recorded. ble) and immediately turn off the 7;acuurn weighing the must be to Using a tweezer or clean disposable surgi- pump. This prevents the water in the  im- the laboratory atmosphere lor a cal gloves, place a labeled (identified) and pingers from being forced backward into the. than and a re'ativc h"- weighed filter in the  filter holder. Be sure filter holder and silica get from being ell. 
midity above 50 t h a t  the  filter is property centered and the  trained backward into the  third impinger. 
(unless otherwise specified by the  Adminis- gasket properly so as to prevent , h e  4.1.4.2 Leak-Checks Dur~ng  Sani$p Run. tratOr). may be Oven dried at  l O 5 '  sample gas stream from circumventing t h e  I f .  during the  sampling run. a ComFGnenr 

(220' ') lor to hours. des'ccated lor filter. Check the filter for tears af ter  assem- (e.g.. filter assembly or irnpinger) ckangf be- 
hours. and weighed. Procedures o ther  than  bly is completed, comes unecessary, a leak-check sha!l be con- those which When glass liners are used, install t he  se- ducted immediately before the change is 
humidity effects. may be used- subject iwted nozzle using a Viton A O-ring when made. The leak-check shall be done accord- 
t h e  approval of the  Administrator. stack temperature; are less than 260- C ' ing to the procedure outlined in Section 

4.1.2 Select (500' F) and an asbestos strlng g ~ k e t  when 4.1.4.1 above, except that  it shall be done at 
the site and the minimum n ~ m b e r  temperatures are higher. See ApTD-0576 a vacuum equal to or greater than the maxi- 
Of points according to Method 1 or f o r  details. Other connecting systems using mum value recorded u6 to that  point in the 
as by t h e  Administrator. Deter- e i ther  316 stainless steel or Teflon ferrules test. If the ,dakage rate is found LO be no 
mine the slack pre 
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I ' :  When the  s h c k  is under slgnlflcant nega- 
tlve pressure (height of implnger stem).  
h k e  care to close t h e  coarse adjust valve 

1 before !.wer?ing the  p r c k  into tk.2 3:ac;c +.2 

prevent 'vnter !;on hw2:nz i n t ~  :!I? f;iter 
holder. TI npcexar::, the p u . 3 ~  , ~ i i : .  tp 
turret! c;i z i i h  t2-r. c 3 a w  ?.d.!u3: :'%j:.3 

clcsed. 
When the  probe 3 !n position. b lwk c:: 

t h e  o-,ttr.iRss %round the probr ar.:! >or:kc:? 
to prevenc cnrep:esentrt:ve dlluticn of the  
gas stream. 

Traverse t ~ t e  stnck crm-scct!on, DS 7 : -  
quired by Method 1 or ILS specified by thrr 
Adminbtratcr,  being careful not to bcizl; 
t he  probe nozzle intc the stack walls wken 
smi;llng near the walk or wher. rcrns;ing 
or insezlng :he probe t t roczh  t!le Ccrt. 
holes: ?.lh m!:::rr,iz?s the  chmce  of ext r rc t -  
in: de~x,-~s,:+,: 7 - - - r  . . . L . & ~  .-,.;: ..-.. 

c?~:r:?.x :?.p 727..  y.~!:? c.er;<:<ic ..?;,ST:. -. & 

men= :o kec2 r'.? :ernpe.~t;r- n;a~:r< .t.:>i. 

filter hslder a: :he ri:o-,c: !ei.ei: add xsr+ 
ice and, ii necessary. ~ . i ! i  to :r,;:n:ain s ten'. 
pera:'dre of i e s  t'.2:! 20' C (68'  7) a; :.hi 
cc?d:e?-:?.-, z.:!cz i ~ , ? !  c:2::2:. .a:zc, ,?c:! , ;<:: . :!-  
ly check the  irY;ei ~ ? d  zrrc  G !  t h e  nl2r.o- 
meter. 

I: t he  pressiir? d;rp zcross th?  filter be- 
comes t , ~  ki;:~. x i - : r . g  isc:<ir.c.:ic ;x-.:!.: : 
dif:;,-::!: :o r-.:-'. .- .i. C:'.,>- -.::. L - .'... . . ..-.. ., -. . - . . . . -. .. . -; .. ?' :" - 
placed in t k r  midst cf 3 s a n z l e  run. It 1s 
recommended tha t  =other com>lctc. fil:ei 
asser?.bly be .ued  iz ther  : h a   ite en;:;:^ :3 
change the  f!lter itself. Before a neK fi l trr  
asse-151; L. i.~r;ll-d, czr..iuct !el:.:.~-l:c-:. 
(see Section 4.1.4.2). The :ctal ~ a r t l c ~ i a t i -  
weight shall include the  sunrnation of all 
filter assembly catches. 

A single traln shall be used for t h e  entire 
sampie run,  excep'. in cases .*here siinuitz- 
neous s a m p l l ~ g  is recuirec in two or .?:fire 
separate duc& or a t  two or more different 
locations within the  same duct, or,  in c s e s  
where equipment failure necessi:ates a 
change of trains. In a11 other situbtions, the  
use of two or more trains will be subject to 
t he  approval of t he  Administrator. 

Note tha t  when two or more trains are 
used, separate analyses of Lhe fronr-hs!f 
and (if al;plicaS!e! irnpinger catches from 
each :rain sbal! he ?t.rfc:mi.3. u n l m  iiler.:!, 
cal nozzle sizes were used on a!] trains. in 
which 'case, the  front-half catches from t h e  
individual trains may be combined (as may 
t h e  impinger catches) and one analysis of 
front-half catch and one analysis of im- 
pinger catch may be performed. Consult 
with the  AdmInis t r~tor  for details concern- 
ing the  calculation of results when two o r  
more trains are used. 

At the  end of the sample run. turn off t he  
coarse adjusi val\'e, remove the  probe and 
nozzle from the  stack. turn off the  pilmp. 
record the  final dry gas meter reading. and 
conduct a post-test leak-check. as outlined 
in Section 4.1.4.3. Also. leak-check the  y!tot 
lines as described in !de~hcd 2. Section 3 1; 
t h e  lines must p a s  this leak-check, in order 
to  validate the  velocity head data. 

4.1.6 Calculation of Percent Isokinetic. 
Calculate percen: isok~netic (see Calcula. 
!ions, Section 6 )  to determine whether t he  
run was valid or another test run  should be 
made. If there was difficulty in maintaining 
lsoklneric rates due to  source conditions. 
consult wlth the  Administrator for possible 
variance on the  isokinelfc rates. 

4.2 Sample Recovery. Proper cleanup 
procedure begins ar, .coon as t he  probe is re- 
moved from the  stack a t  the  end of t he  sam- 
p1ir.g perice. AIIor; the  probe to coo]. 

When t?.e p:cSe can be safely han6!ed. 
wipe ~ f !  a!! cx lcxa :  2.-~t!c.;la:r. C2tt.r nca: 
t,he t:3 t: :>P 7 ~ 3 : : ~  237:!5 -..I! 7!:2~ L c.37 
over .[ :c ;re,;??: ~ g , ; i ~ ~  - 7  . - - ( - T > - . T  .,,,--,-,-. .. . bCb~.....d r-L L a i r  

lat? r?.at:rr. 9.. no: :::c of: the. >robe ti; 
t!ah:i:.' ~ ? i l :  t!:? ra:n:~:i;.,x t:~fr! is co~ i !ng  
dcwn ~5 ishz rci; ld create a vecuum in :he 
fi!ter hollcr,  thus drawing water i r o n  t h e  
imsingera i;;Li tke  fiitr; I i o l e r .  

T ~e!ore n0vir.g th:t s.%z;.:e treill to the  
cleanu? site. re.?lov:* :he prob: from t h e  
sample t n i n .  w i x  off t he  silicone grease. 
ar.d c33 t h e  cprr. outiet of the  proSe Be 
careful noL to lose any condzxa te  :h2: 
might t e  pr-zrn:. T.TI:r,? c.Ti t > e  sil!rone 
gresce i i . 3 ~  tkc. :;:ic-r :r.!;r .%!:err :kt p;cj;e 
Z'u 's' - . . LC..~~: 5r.d c:,;? I: ?.emo:.e :he urnbill- 
cal cc:: f;?.-. :Xe impinge; 5r.i: cap t h e  
irnpirg-r. If ?. i:ex:5!e iize is use.: teiu.een 
the  f::.': izsinq-: or conc??.srr and the  
filter k0:drr. ci5;0~:1~~3: t he  iice a t  the  
:i!Ler kc:.:?: n,?c ;-: zr.:. c.?nl-r.,?s< .i.:Lf.r o r  
liauid dr?-:n in:.; :he :.zpir.gt.r; or c3ncezs- 
er. After .*.Icir,g off t he  silicone grease, cap 
off t h ~ ?  :':lrer h o l d ~ r  su:;et anc! rz:izper 
in;?',, zi::-,t.r ;-c .-,.'.,-'..-- ---*-- - $ -  -..- .. "a -... !;.;--> 5:u .*;... .,. ,,- ...- 
caps, or ~ < ~ L A X  caps may he uhza :a cl.,;? 
these oser.:;lgs. 

Transfer :he ~ r c k e  ;in:! ' i l t rr- lx~ingri:  as- 
sembly is the c!esr!ii;) area.  This arca 
shcc!:: hc :!e:.~ ar.5 ?r7;:?:::? { ~ c r .  [he 
wii?d so :ha: t:?e charices of coii:a.m!nstinp 
or losing L!?e ssmp;e =!I1 be ninimlzed. 

Save a poition of t he  acetone used for 
clesnup as e blank. Take 200 rnl of this ac- 
etone d i r e c ? ! ~  f r c n  the  urash S o t t l ~  being 
used and p:ace :: in a R!LS sa.%pie co~t;i:?er 
labeled "acetone blank." 

Inspec! the :rain prior lo  and durlng dis- 
assembly and nor? a?.y abr.ormal conditicns. 
Trea: the saz,?lee ii. fc~!!o~.r.s: 
ConLainer No. I. Carefully remove t h e  

filter from the filter h'o!der and place it In 
its identified petri dish container. Use a pair 
of tweezers andlor clean disposable surgical 
xlovcs to hand!e t he  fi:ter. I: it is necesa ry  
to  :old ;he fi!:er. do so such tha t  t he  partic- 
ulate cake IS inslde the  fold. Carefully trans- 
fer to the  petri dish any particulate mat ter  
and/or filter fibers w h ~ c h  adhere t o  the  
filter holder gasket. b:r usins a dry Nylon 
b r~s t l e  brush andior  a sharp-edged blade. 
Seal t he  container. 

Container No. I?. Taklng care to see t ha t  
dust  on the ou t s~dc  of the  probe o r  o ther  ex- 
terior surfnces does not get Into the  sample. 
quanti:at:re!y recover particulzrr~ malter or 
any condensate from the  probe nozzle. 
probe fitting, probe liner, and front half of 
t h e  filler holder by washing these cornpo- 
nents with acetone and placing the  wash in 
a g!ars contuner.  D~sli l led .*ater may be 
used insread of acetone when approved by 
t h e  Administrator and shall be used when 
specified by the  Admin~strator:  in these 
cases, save a water blank and follow t h e  Ad- 
m~nistrator 's  directions ibn analysis. Perform 
the  acetone rinses as follo.xs: 

Caref-Iiv remove t h e  probe nozzle an?  
c l e ~ n  tlle inside surface by rrnsing u ~ t h  ac- 
etone from a wash bottle and brushrng with 
a Nylon bristle brush. Brush until t he  ac- 
etone rlnse shows no visible particles. a f ter  
which make a final rinse of the  inside sur- 

face with acetone. 
Brush and rinse t he  i k i d e  parts of the  

Swagelok fitting with acetone In a similar 
way until no visible a articles remain 

Rinse the probe liner with acetone I;y tiit- 
Ins 6x2 r2IZ:ir.g the picbe .rrr,:!;. s r ~ . ; - . : - -  . . I S .  ... 
?CY~C::C i::t.c I:s U F P C . ~  e r - 1  r c  :ha: :Ti :'i-:=.. 
s.:r:;ces .*;;il t e  'l'et:e.' with zct-i-n?. k.2~ 
wetone ;rain [rorn the lo.;.cr er.d in:,, :.;. 
xin~:? c=nt:ir.er. A t u ~ n e !  rplll.5 3r PO:) .  
ethylene! ma? be used Lo aid cn trzns!zr- 
ring liquid washes to the  c~tl:ai::?r. Fc!!:.;. 
the  acetc,nrl rfrse wi:h a probe br-sP..  SO;^ 
t.\e prc te  ir: !in inclized pc:;i: icr., s.;a.r: :. 
et0r.e in:o the upper en2 u t.>e srcbe br~s : :  
is being pushed with a tu.isting actior. 
:hrough :he probe: ho13 a same::= con:s;::zr 
underner.::~ tl;e 1c.i.t.r end of :be 3r32e. ?;.,: 

caLch an:; zcetone and ;artiru!?!e ma::rr 
...h ...-. .,-$ i :z ?:-.:s?:ed fro:n :kc ;;.:>:. ,?..:r. ;h.: 
t rush  tkrot!g.5 tlir probe :r.rc.e :in?: o; 
 ore l~r.:.; 7.0 vfsikjie :>::!::!!:.:p r.73::~: .: 
c a r r i ~ i  ~ 1 - [  - ' : ~ h  n.-.. ' ' 7 "  i.._ dce.,,.... _.-... C: . . r i ' l  - ., .. , or-.- .>.. 
re.naiz Ir: t.L,_ ~ r c b e  !ir.cr cr. r.i:,c3: ! . " S . : ~ C .  

tiqn. Yi::: 5 : ; i i r . i ~ ~ ~  s:t.ei or C L ~ L ' T  .-.e:2: 
proces. r-n t!-e 5rcsh !>;OCZ:~ ir. ?r.? &:.-,:. 

prescri'2ti rnanxer at  i ? s l  si:: r l r , cs  5:z.-.- 
me:ai ?i:Ses h 2 ~ e  s;r.n!: Cr?\'ic?s ;n .-.'-.-; .+:.aL.. 
par:icu!z!e z a t t e r  can be en!ra;=c.6. E i r r e  
p c  57;:: .;:::> zp:tc.-:?, 129 .<,-:.,... t ? .  , :,.. . . . * . . . . 
.-.."-..' . .< . . - . . -'-..?.- . . . . - . -:x>,:z,;:, :: ::-,.: ;,-.:-,;:< 5:; 

t z i n ~ r .  Aft?: the  Srushing. ~.z.::r : :!-a! kc- 
et3ne r:?-5z of :he probe 2 2  6dc-zcrit ec! 2:;vr. 

I: is rercrr..-ended :>z! :!:.L :12~1~ he 
 US?^ !O C!e3r. DiC?>rf :C n ! n i ~ . z ?  sr::?:e 
Issses. 3 - . r . - . ~ n  s3ir!sll.?g r ! ~ r s .  i:.n; i-r,:::!pg 

clear, and protected frcrr contar-ina:ion. 
Afte; ensuring that  a:! j o in s  have bee:: 

wipcd dear: of silicon? grersr. ciean the  
Inside of t!le front ha.!f c f  rhe fi1tc.r ho ; l e r  
bj7 rubbing t!-:e surfaces .~.l:h a Nylon br~sti. 
brus!: and rinjing ui:h acetone. Rinse enc!: 
surface three times or more i f  needed to 
remove visible 3arLic~Iate. Makc, a final 
rinse of :he brush and filter h o l d ~ r .  Carelu!. 
Iy riilsc out the glass c;.clcne. also ( i f  appli. 
cable). After all acetone washings and par- 
ticulate matier have Seen collected in Lhr 
sample container. tighten the  lid on the  
sample conta!ner so tha t  acetone will nc: 
leak out whe:~ !t is s h i ~ p e d  to t he  1350ic- 
tor:.,. Mark the  height of the flui: le:.cel to  
determine whe:her or not leakage occured 
during transport. Label the  container Lo 
clearly idenills its cnntents. 
Conlciner No. 3. h.ote the  color of t h e  in- 

dicating silica gel to determine I: iL has been 
 complete!^ spent anL make a notation of its 
condi!!on. Transfer the silica gel from t h e  
fdurth i r n p i ~ ~ ~ e r  to i s  origrr:; .- ,?tai:: - 
and seal. A funnel may ma!;e it easier to 
Pour the sllrca gel without sp~lling.  A rubber 
policeman n a y  be used as an aid in r e n o \ .  
inn the  silica gel from the  irnp~nger. it is nor 
necessary to remove the  small amount of 
dust pzr::c!es that  may adhere to t he  in?- 
pinger wai! and are difficult to  remove. 
Since the  gain in weight is to  be used fcr  
moisrure calculations. dn not use axy water 
or o t t ~ e r  liquids to transfer the  siiica gel. IS 
a balance is available in the field, follow the  
procedure for con~a ine r  So .  3 in S e c t ~ o n  4.3. 
Imprnger Water. Treat the impingers as 

follows: Makr a notation of any color or 
film in t he  l~quid  catch. Measure the liquid 
which is in the  f ~ r s t  three impingers to 
within - 1  ml by using a graduated cplrnder 
or by weighing 11 to u8iLhin ~ 0 . 5  g by using a 
balance (if one is available). Record :he 
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5 .  Calibration 
Maintain a l nbo ra to r~  log of ail callbra. 

ti0r.s. 
5.1 3 o b e  Nczlt?. Probe r.ozzl~s shs!l 'ie 

wiibrated before the!r Izi:!nl use in tk: 
fleld. C'aing a mlcroneler,  mensure i!~i- 
h i d e  dlsrneler of the  nozzle to  the r.esre:: 
01.025 mm ;0.001 in.). Mak? three secara:c 
messurements using different diameters 
each time. a.?d oS:ain the  w e r a g s f  ti's 
measurements. The difference tet3*.een i::? 
high fad low numbers shall not exceed 3.1 
mm (0.004 In.). When n o d e s  beccoe  
nicked, dented, or corroded, they sha;: 3 ~ :  
reshaped, sharpened. and rwa1it;ated 
before use. Each nczzle ska:! Se xrrns?en!.- 
1y and tiniquely ide.?~i:irt.l. 

5.2 Picot Ttite. Tke  Type S plto: :::be ;s. 
sembly sh;,;: be caiikia;~! xc;rCir.$ t2 r::e 
procedar- cu:!ined ir. Sectlor. 4 of Method 
2. 

5.3 A!eierizg Sj-::ex. Ce:ore its initial 
use iZ  t?.e !ie!C, thr ~ e t c r i x g  sys:rm sha:I 
be cslibrnted acccr~linp to t he  p r c c e h r e  
outlined In AiTD-J576.  1r.stesd of p. ' ig~icii-  
I Y  adjcs:ing ? h e  dry gas meter dial readings 
to  ccrres;ord Lo ttie 'xei tcs: rne:e: :erd- 
ir,gs. c-;ib:a:iin f.c:ars r.~;. i;? czz< ;; 
mathema:ically correct the  gas meier dl31 
readings to the proper values. Before cali- 
brating the metering system. IL is suggeste< 
tha t  a leak-check be conducted. For .-r.eti.r. 
ing sysrems having diaphra,?r? pump:. :he 
normal lenk.check orocedllre w;.ill not detect 

leakages %!thin the  pump. lor  these cases 
t h e  folior!:~g leak-ckeck procedure is sua.  
gested: .r.eke a 10-r;..inc!.e c%librllion ri!n a: 
C.0057 m 'irn;n (0.52 cirni; at  the end of ?he 
run,  k i t e  the diiference of t he  mexsur-d 
c e t  test meter a;id d r y  gas metcr volumes: 
d!vid? t h ~  di!fe:ence by 10. to get t h e  leak 
rate. The  lea l  rEte should not exceed 
0.0005- .. 3 1 q i a  (9.C2 C;IX), 

A& :ie:d zsr.  the  ca!tbra:ion n: t he  
metering system shall be checked Sg pcr- 
f0rmir.g three calibration runs a t  R single. 
in:er;nediete orifkc. secting (Sased on i5e 
previsus lieid :est). With :he vacuum set  a; 
the  ~ a x i m u n  value reached during t h e  :es! 
scrles. Ts atJus: the VZCCI:T, ime:: a (.I-I:.? 
b e t u . e a  the  :vet test meier %nd the  izlei  cf 
rhe  ms:?ring sys:ez Zs;cuia:e :l?e a i ' e~zge  
value of the calibrzt:c;n :actor. If !he cr.li. 
bra~ior! h a s  changed b:; more than  5 per- 
cen:. rrcziibraie t!;? xc:cr 3vc.r the  fu!! 
raRiie cf or!:ice set;ir.g:, as outline:! in 
APT3-Ci576. 

Aliern::ive procednres. e.g.. cssing the  ori- 
fice me:c.r cocfil iente,  .r.z:;be tisee. S ~ ? S ! , P C :  
to  :hr 3;;j72;3. ;! :l?e A:.T~Z:S~:P~ST. 

l<c;z.-'.i 6::; g x  :r.ctcr cceff:'::::; 

va!ues obtained before and afier a test 
serles differ by more char, 5 percent, t he  
tear series shall either be voided. or cz:cu!a. 
t:ci?r for test series shall be perforrr,ed xcir,g 
.&I. jc'- - . .c-  . ,.r. rr . ter  cseffic~ent value (i.e.. 
before or a!ter~ give.s t he  lower value of 
tala! sample volume. 

5.4 Probe Heater Calibration. Thi- pro'.. 
hee:in: system ska!! be cz!i>rs:-d b?:. . :? i'r- 

Initi;-.? ccc in the fleid xcordir,:: !o  tZ.2 2:: 
cedu;? ou:!ised in A?T3-0';',. ?rot*:; c c :  
slrcctec zcco:dizg LO A n D - O t ; ?  net< TI-,.. 
be csllbrated if the  calib:ailon curves 12 
AFTD-0576 ere used. 

5.5 Ternpersture Gauges. Use the  prcce- 
dure in Section 4.3 of Method ? :o csliSr?.te 
in.srack temperatarc g3u;es. 17.21 ti-.?r.:.-n- 
e t e n ,  such as are used 10; ?he dry pas ;r.ew- 
and condenser outlet. shsl! be czilbr~!-ed 
a ~ n i n s r  rnercc-y-in-glzs :hex-.:.^rne:ers. 

5.6 Len:( Chc-cic 0: Il ieterir .~ S:,.s:c;n 
S h c r n  in F t g ~ r e  5-1. That pcr:isr. cf ! h e  
ssKzi:?.z ::.in ::c;n th?  ;u.x; :3 :::r ~ . ~ i : i : ?  
merer si:c.;ll: be lezk checker? ;r:?r t c  !r:t3::: 
use acd a!:cr earh s!x;rr.enr. L2i:;:-.. % . i : c . -  
t he  pu,zp &-ill rescl: ir. less volumc he::.. r rc-- 
corded 'nan :s ac:ui-!I:: s ~ . ~ p : e d .  The  f d : : ~ . ; .  
inp p:scecur.? L3 sugges:?< (se? - - i ~ ~ i , "  5-4.  
C!cse t h e  T,%in valy;e o n  t he  z ? l i . r  k.~:.. 
Inser: a one-hole rubber stcpzer 'x;::: 
rubber ti;b;ng a:nc!:rd i ! ' : :~ tP.r z;::ic. 

..:-- F<<?<~ n,-,>p --., ....-. .LC, !  -,.. ?,:,;, 
*L,.T. -.--.,....-. : s...: i;.. i... i- -.,... 

of  ::e c::~::? r.zK<:::?:::. c:;..,2 z : :  t ? :  ?:.:. 
.?;d,e ,z7.f;cz :;-; . z , -,-.., -.&-, - .,?... .>-  ;!-.:! : :-z:.e-: :: :~: 
to 1E crn :5 Lo 7 i n . )  water cc1crr.n by  tl!:-- 
ing in:o the ru3Lzr t'rlbir.g. Pinch s:i :!:e 
tubiZg ~d ohsex;e the ~ ~ . i i ~ c ~ ? r ? i  f.?: i R 2  
mrnute. A loss of pressure on :kc .73:.:i- 

meter ind;cxres a leak in t he  miter 2cx: 
leaks, i f  presenL. must be correcle?. 

5.7 Barometer. Calibrete agiinsc a mer- 
cury barometer. 

VACUUM 

BLOW INTO TUBING 
UNTIL MANOMETER 

READS 5 TO 7 INCHES 
WATER COLUMN 

Figure 5-4. Leak check of meter box. 
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.=Voitimc~ 9: aceTnnr birn;:. m!. 
6. =x'clurr.f- of ace!o!.e t.:sr5 :r. q ~ c k ,  m:. 
: < = y c ~ & ;  .,t!.<r:,<. 6: ;,<-;$ : . d ; ; c c  -,.( 3 :-. ;.-. . . A ,  ,a:: 

singers ar.d siiica gci (see Figure 5-23. 
ml. 

-=Volurnt! 91 gas sampit ,s j . ~ ~ e s : : ; e . j  t;.~ 
cry m e w ,  dcrn (cscf) 

.y,.-lTSc:::.ne :?: d" s:-:r.;:‘: :::,?n-~-.n-' . -.. .. 
r k e  dry s u  mercr .  corrected to S : ~ : i t s r d  
co~lditions, dscm !dsc!j. 

,,,o,=Vciu.me JI wa:er vapor in t h e  p u  
ssmplc. corrected La stand2:d c ~ x d l -  
: ! i . ? ~ .  JCT. iscf:. 

=s;  - .: ;?<:, s;,.!L,::L:.. ..7,i.:..-;2,Lc= >... . - 3 .  .-.... . , G J  . . *b . . .JL 

2. Eri;:ation 2-3. uirt: data cbrair.::! 
fi3.m Method  5 .  rn /src  ( i t / scc) .  

.=Weigh: a1 res!di:e in acetone ?.as;;, mg. 
D r y  gas meter ct1ibrn:icn fsc:or. 
i= Average pressc;re dil;eren!iai ac ros  

the orifice meter (see Figure 5 - 2 : .  mr.l 
HZO tin. H,O!. 

=Density of ;retone. ny.'r,! ( s e e  labci cn 
bottle!. 

. . . .  . . . . . . .  . p,;; 7 , 3 - A  1 2 .<,.:.,-JL :< - ..... ;- - ....... 1 - .......... 
. L  . ,- - *  - .  . . . . . . .  - .-.. c ..- ..........: .. I-. ......... I . _ . . _ . .  . . . . . . .  : *... , ,. , .- _ ......_.. . , . . . .  I i . . .  ........... ...>... . . . . .  -.; <-.... c .:- ; .;.;,.. 
2 s t>- , .  . . . . . . . . . .  . . . .  - . . - . . . . .  - . . . . : . . . . . . .  
- - . , . . - ;.- ~ 8 ' - :., ,. . .... a . . . . . . . . . . .  1 :" . . . . . . . .  
c:.. i::.:,..;: ; . ; -. :..:.*. ;; . -.:.. .,- :'-.' C '  y:,..: . 

... .... f i .  .;. . . . . . . . . . . . . . .  - - ,  . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. ,- . . ,. , 
i i  - .-. 

3.9 p>-.: .... !"&,. .--- ..... .:.:. . . . . .  - . . ._... . . . . .  _ 

.-7 - 4 ( / . . - / ,"I#.-!I . ,  /.,)t. 1 ' ' - 
,=. -1 Ficc: 13 bu~~:ct,, 2 ,  

Pnd suk.?:ltute only for t h m  le&:uz rr;?e; - - 
(L o r  L.1 a-hich e . ~ c - - , j  1. = I  P?: c 0:83: 

e:: 'i'o:l;me ;[ *.i;;,;r i . 3 ~ ~ ~ .  m : : :  ' v:t!' 15 4 3  
9,"' C.'h' 2 X i .  73 ' 
Q i f l  ' p / m l  35 3;  

FLc,.lzL;o:! L- l -- 
6.1 i Isckizti is  Varilicr,. 
6.12.1 Cdcuir t icn  F T G ~  R a s  116:~. 

Reprinted f rom C F R  Title 4 0  dated  J u l y  1930 

pages 325  - 3 4 2  



where: 
K,=0.003454 mm Hg - rn'iml -'K for metric 

uniLj. 
=O.OGZB69-in. Hg - i:'/ml- 'R for Engli::) 
units. 

. - 6.11.2 Calcu!at~on From Intermediate 
Values. 

T,l*- ( a t j ,  Pat,l I f ) { )  I = T ,,,, ~ ~ . R ~ ~ ~ I ~ , E o ? I -  I<,,,) 

E~,U~LIUII ',-3 

where: 

K,=4.3?0 for metric units 
=0.09450 for English u n i s .  

6.12 Acceptable Results. I: 90 percept I 
<110< percent, t h e  results a re  acceptable 

If the  results are lo**. in comparison :o the  
standard and I 1s begcnd the  acceptable 
range. or. i f  1 is less than 90 percent. t h e  A d -  
ministrator mag opt to accep: the  r c s u l * ~ .  

Use Citation 4 to make judgments. Other-  
wise, reject the  results and repeat t he  test. 
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