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INTRODUCTION 

Source sampling was performed at Johnson Controls, Inc., Winston- 

Salem, North Carolina, on October 4 ,  1985, to determine lead emissions 

from the three process operation facility (plate stacking, strap 

casting, and heat sealing assembly). 

at thelocation shown in Figure 1. 

Three sampling runs were made 

All measurements for stack gas flow rate, lead concentrations and 

emission rates were made in accordance with the recommendations 

of the U.S. Environmental Protection Agency and the Forsyth County 

Department of Environmental Affairs (FDEA). Mr. Kirk Rife, FDEA, 

was present as an observer. 

The following sections of the report treat the summary of results 

as a description of the processes and their operation, the location 

of the sampling points, and the sampling and analytical procedures 

used. 

1 



-- Hood 

Stacker D Strap  
Castin:, 

FLOW D I A G R A X  

F igu re  2 

2 

Sealing 1 



SUMMARY OF RESULTS 

Table 1 presents the summary of results of the lead sampling of the 

three process operation facility (plate stacking, strap casting and 

heat sealing assembly). The mean lead concentration was less than 

0.000135 grains per dry standard cubic foot. 

was less tha" 0.044 pounds per hour-;\ 

/ 
The mean emission rate 

-. 
d - - - - -  ,./ 

L - 

Based on 40 CFR 60, Subpart KK, "Standards of Performance for Lead- 

Acid Battery Manufacturing Plants", Section 60.372, Paragraph (a)(3), 
/--- 

the three-process operation facility was in compliance with the &~l&w- 
-. 

able lead concentration of 0.00044 grains per dry stnadard cubic foot> 
~. . . 

/-- - 
i, 
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TABLE 1 COS m b ;  

Run Number 

Date 

% Isokinetic 

Volume of Gas Sampled, 
SCF * Dry 
Stack Gas Flow Rate, 
SCFM * Dry 
Stack Gas Flow Rate, 
ACFM 

Lead : 

Catch, mg 

Concentration, grains/ 

SCF * Dry X 

1 2 3 

10 /4 /85  10 /4 /85  10 /4 /85  

105.9 105.0 104.1 

35.299 33.761 33.658 

39,023 37,789 38,007 

42,421 40,889 41,407 

0.230 0.464 <o. 200 

1.003' 2.117 J <0.938 ' 

0.0336 0.0685 -' <0.0298/ 
-~ 

8 -' . .  .. 
-1 > 

\ i 
, C '  ' - '  ' 

-. 

*68'F, 29.92 in.Hg 

4 
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PROCESS DESCRIPTION 

The t h r e e - p r o c e s s  o p e r a t i o n  sampled c o n s i s t s  of  t h r e e  o p e r a t i o n s :  

b a t t e r y  p l a t e  s t a c k i n g ,  s t r a p  c a s t i n g ,  and t h e  h e a t  s e a l i n g  assem- 

b ly .  These o p e r a t i o n s  are hooded and t h e  exhaus t  a i r  i s  duc ted  t o  

h i g h  e f f i c i e n c y  p a r t i c u l a t e  f i l t e r s  (RADCO u n i t s )  where t h e  l e a d  

is removed and t h e  f i l t e r e d  a i r  is r e t u r n e d  t o  t h e  manufactur ing 

area. Should f i l t e r  f a i l u r e  o c c u r  i n  t h e  RADCO u n i t s ,  t h e  a i r  is 

then  duc ted  o u t s i d e  t h e  b u i l d i n g  th rough  a n  a b o r t  t u n n e l  t o  t he  

atmosphere.  

abort t u n n e l .  

During sampl ing ,  a l l  u n i t s  were exhaus ted  th rough  t h e  

5 



LOCATION OF SAMPLING POINTS 

The dimensions of the stack and the location of the sampling points 

are shown in Figure 2. 

and lead sampling was performed at each point. Twenty four points 

were sampled for a period of 24 minutes each which yielded a total 

test time of 60 minutes. 

The sampling points were numbered as noted 

The number of sampling.points was determined by the distance of the 

sampling points from disturbances in the air flow as described in 

Method 1, Federal Register, Volume 48, Number 191, 30 September, 1983. 

6 
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LOCATION OF SAPTPLING POINTS 

Figure 2 
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SAMPLING AND ANALYTICAL PROCEDURES 

All sampling and analytical procedures used were those recommended 

by the U.S.  Environmental Protection Agency and the Forsyth County 

Department of Environmental Affairs. 

in Appendix E which is a copy of the Federal Register, Volume 41, 

Number 160, 18 August 1977; Volume 48, Number 191, 30 September 

1983; and Volume 47, Number 74, 16 April 1982. 

Complete details are found 

Sample point locations and velocity measurements were made by Methods 

1 and 2 .  The stack gas composition was determined by Method 3. On 

the first run the stack gases were proved to air. 

as there were no combustion sources in the process. 

used for lead determination. 

This was expected 

Method 12 was 
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TRAVERSE POINT LOCATION FOR CIRCULAR DUCTS 

*'I 

A 6 C O C f  
Plant Ji)hnso,,  \ lo., C,O/j "7-n-m -I 
Date ( * J I  /?r 
Sampling location , 4 L o ~ t  T ~ " . , ~ /  + q'1 

o f  nipple 0) 
Inside of far wall to outside 

Inside o f  near wall to outside o f  
q L , *  < / . / L  

: 

7 
5 8 %  

~ 

% *  

2411 *' 

4 
I 



Sec t ion  N o .  3.0.1 
Revi s ion  No. 0 
Date May 1, 1979 
P a g e  1 6  of 19 

Sampling l o c a t i o n  

EN. a l r  

I P l a n t  and c i t y  Run d a t e  

Clock 
time 

S t a t i c  p r e s s . ,  
i n .  H 0 

Run Amb. temp., Bar. p r e s s . ,  

2 numher O p e r a t o r  OF i n .  Hg 

f & I /  3 l7# 3 9 .  I /  -0 ,  a I I 

‘7- 2 9 0  

</P- = I  
bbs rZI 

Molecular  
w t .  

I I I I 

F i e l d  d a t a  ,L )  Lq I t I I 

A IL S t a c k  i n s i d e  d imens ion ,  in. P i t o t  
Diam. or side 1 I s i d e  2 t u b e  (Cp) 

- 
Z”/J P d J  

I 1 1 9 1 6 ;  I I I l , Y [ 6 y  0.1 y‘ I 

which y i e l d s  

V e l o c i t y  
T r a v e r s e  head 

number in. in. H,O OF r e f e r e n c e  
p o i n t  P o s i t i o n ,  (Ap,), S t a c k  temp., 

I I . a 1  I I I 
I I . O I  I 
v I I . O L  I I I 1 
U I ! I 

, 1 ,a I I 
P , O J i  
Y I . O I  i I 

c ,  0 1  

F ,  

1 .o I 
q - *01>- Average a n g l e  (= )a  

. e l@,  
Average of (G) must be  < 10 d e g r e e s  t o  be  a c c e p t a b l e .  

F i g u r e  1.7. Method 2 gas v e l o c i t y  and volume d a t a  form. 
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Inpingerr Cont. NO. (e )  5-- I s i l ica  Gel Cont.  NO.(^) 5S- I 

Final volume ( u t )  2 I Y  ml(g) Final w t .  207.r 6 

Initid volume (u t )  2 00 d ( g )  I n i t i a l  w t .  B 

Net V O l U m e  ( W t )  / {  ml(g) Net w t .  8 

too. 0 

7.r 

mecr ip t ion  of water UL4 Silica ge l  5 epent 1 0  

21 < Total Moieture g 

PARTICULATE RECOVERY 

'7/ Sealed J By PNf F i l t e r  Cent. No.(a) 

h s c r i p t i o n  of Par t i cu la t e  on f i l t e r  N O U G  .. 
hpbe Rinse Cont. Nom - Liquid l eve l  marked 

Acetone Blank Cont- No- 

Impinger Water Cent. NO. 

- 
V O l  - Liqu id  leve l  marked - 

- Liquid leve l  marked / 

B l a n k  Cont. No. c Liquid  l eve l  marked c - 
.ACETONE WASH B M K ,  - - Cono. - d u  

L corn- WEIGH" OF -COLLECTED, 
m m  m 

I I I 

TOTAL I I 
Iess acetone blank 
Weleight of w e  matter 

L L=/2 0 

Additional Notee and Comontr: 

LABORATORY CUSTODY 
. .  

Received by ?PI+ Date l o l r / 3 r  

Remarks 
Stored and Locked 



PARTICULATE SAMPLE RECOWRY AND INTEGRITY SJU~ 
-.- - 

.L 

plant  573L -1" 4 ( a n  LJ I ,  Sample Date /o /Y /PT 

5 w l e  Location A-l , , .c  T " 4 . l C l  k cIy RMovery Date I d /  j- /rj- 

R M  Noe 2 Sample Box No. .5 Probe No. ,? 
F i l t e r  NO. ( 6 )  c Recovered By ?bh' 

MOISTURE RECOYFY 

Impingerm Cont. No. ( 8 )  

Final volume (wt) 2 O f  d ( g )  Final w t .  

Initial volume ( r t )  200 ' d ( g )  I n i t i a l  wt .  to* 0 E 

Net volume (Wt) B 

b e c r i p t i o n  of water &, S i l i c a  ge l  $ epent I 5' 

T O t d  MOi6tUe IC, y 

5- z S i l i c a  Gel Cont. No.(e) Y-Z 

6 20 7 . f  

Y d ( g )  Net * t e  7, Y 

B 

PARTICULATE RECOVERY 

F i l t e r  Cont. N O . ( a )  5- Sealed J By ?PI+ 

mecr ip t ion  of Pa r t i cu la t e  on f i l t e r  

Probe Rinee Contm No. 

&J,w~' 

Liquid l eve l  marked 
- - 

- - Acetone B l a n k  Conte No. Liquid l eve l  marked Vol. 
- Liquid l eve l  marked 

Blank COnt.  Nom - Liquid l eve l  marked 

- Impinger Water Cent. No. 
~ v 

rdr - - Cenc. ACETONE WASH BLANK, mg - 

Additional Notee and ConmentmI 

LABORATORY CUSTODY , 
Received by 'i3rz/.? Date / O / F / d ( /  

Remarks 
Stored and Locked 1 



Sample Box NO. Io Probe NO. c R I l n  NO. 3 

F i l t e r  No. ( 8 )  I, Recovered By m# 
MOISTURE RECOVER3 

.J-- 3 Impingera Cont. NO. ( e )  

Final volume ( u t )  2 0  d ( g )  Final w t .  2 078 6 

In i t ia l  volume ( u t )  -200 B 

~ e c r i p t i o n  of water &- S i l i c a  gel  $ spent IS- 

S i l i c a  ce1 Cont.  NO.(^) 7-3 

ml(g) I d t i a l  w t .  zuc, 0 

9 d ( g )  Net U t .  ? f  Net VolUme (Wt) B 

Total  Moisture 17-8 I 

PARTICULATE RECOVERY 

F i l t e r  Cont. No.(s) G Sealed / By ?fit/ 

mecr ip t ion  of Par t i cu la t e  on f i l t e r  fludF 

Liquid leve l  marked ?robe Rinm Cont- No. - 

Acetone Blank Cont. No. 

fmpinger Water Cent. No. 

- 
,-- Liquid level  marked ~ Vol. / 

- 
Liquid leve l  marked 

Blank Cont. No. Liqufd leve l  marked 

- 
/ - 

c 

con0 . - .Ju - ACETONE WASH BLANK, lllg 

Iass acetone blank 
Welght of &&&te ratter 

Additional Note8 m d  Comments8 

LABORATORY CUSTODY 

Recelved ' by ' 
Remarks , 

Stored and Locked 

03te /J/-T/T 
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TEST PARTICIPANTS 

Peter R. Hill 

Larson Harsey 

Chemist 
Environr a1 Testing, Ir 

Environmental Scientist 

.. 

Environmental Testing, Inc. 
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plants. Glass and glass products. Crnins, 
Intrrgovernmcntal relations. Iron. h a d .  
hlelals. Motor vehicles. " i t r i c  acid 
plants. Paper and paper product, 
industry. P e m k u m .  Phosphate. sewage 
disposal, Steel. Sulfuric acid plants, 
Waste kealment and disposal, zinc 

__ - .  . . .. .- 
.I 

., h(l,r !cq~i r rd  by standards of af ter  January 14.1980. is subject to the 
requirements of this r u b p a n  .l(..mnnce for new source8. 

, .,,,:I,. staler are free under Section 

I,bllshed under Section 111 Or those 

60.371 Dehnltionr 
As used in this cubpart. all terms no1 

defined herein shall have the meaning 
given them io Lhe Act and in SubpartA 

(a) "Grid casting facility" means Ibe 

pots and machines used for carting Ibs 

i ; h  ,,I 
,zIrIFr,,: p m ~ r + i i m  limils than those 

s; .u~~ under Section 110. Accordingly, 9, 19BL of this p a r t  
~~ 

LL,.rn Ll'PA'I standards 

At I to estnblish even more 

to altain or maintain the 

may in some cases b e  

smrccrrary @ 

,,,,jeci to limitelions -co~~cct ion  oiinfom.tlon- ,,defined facility which includes all lead melting ' 

@der Srction 111. and prospective Themfom. the pmriiioni 01 p6pmod grid used in battery manufacturing. 
OLncr~ and Operator' of new source8 

1: ,'.,, p l n t i o n  will be reviewed 4 

. .  
storage battery usinglead and lead i 

compounds for the plales and sulfuric . 
plant" means any plant thatproduce, 

h'ole.-The rrguhtion does not involve. more stringent 
performance 

be awam of this possibility in 

h e  Pspemork Reduction Act of 1980. 

Reduction Acl orpliublt to c o I : ~ c t i ~ ~ ~  
information do not apply to this m g u i a t i a ~  
Anne M. Gonurh, ' .' . ' 
Admjnjstm,or, 

. (b) "Lead-acid battery manufacturing 
. .. 
. . .  

s!do7q;nE for w c h  facilities. 
.. . 

Subpart  KK-Standards 01 
Performance for L e d c l d  B a n w y  
h!anufacturlng Planls 

Subpart L of this p a r t  
(e) "Other lead-emitting operatloo- 

means any lead-acid bat!ey . . 
manufacturing olant ooeration fmri . 

k ., ,which lead ei:ssioni'sre collected nod 

not part of a grid casting. lead or ide 
' manufacturing. lead reclamation. paste 
miring. o r  three.proccss operation . . 
arility. o r  a furnace affected under 

rQ.370 Ap~licsbili:y and dcrunatiom of 

60.371 Ddmiiions. 
60.372 Standm!s lor l e a d  
60.373 hfonitoring of emissions and 

L ducted to the atmosphere and afleclrd Ircility. 

I f  : oncralion'. 
M.374 Trrl methods and pmrrdurcr , 

Act as amraded (42 U.S.C 7411.xm(a]]. .nd 
additional suthorltg as noted below. 

'Subpart L of this p a n  

'facility including lead oxide storagb ! conveying. weighing. metering. and 

Authorit)? sc 111. MI.) d acari f i  1 (0 "Paste miking facility" means the- 

e+ployment. invesment. produciivity. 
ir.novation or competition in foreign 
rna:LPts. This regulation was submitted 
to lire Office of Management and Budget 
105'31 for review as required by , . . . Erecutiw Order 12291. ' . .. 

Section 317 of Ihe Clean Air Act 
requires the Adminislralor to prepare no 
r:onomic impact assessment for any  
new source standard of performance 
p:omlgaled under Section lll(bJ of the 
Act. An economic impact assessment 
x i s  prrpared for the promulgated 
trgulittions and for other re,platory 
dkmatives .  All aspccrs of the 
81ressment were considered In ths 
h u l a t i o n  of the promulgated 
t'andardr to insure &hat the standards 
-Id rcpresent the best syslem of 
r-ission reduction considering costs. 

tcmnmic impact assessment ia 
i d u d e d  in the bacLground information 
document. 
US1 01 Subjects io 40 CFR Pad 60 

Air pollution control. Aluminum 
-:mniiim sulfate plants. Cement 
b t ~ .  Coal. Copper. Electric power- 

.I 
I 

. i  

- ' ~ 1 charging operations; paate blending 
handing.  and cooling operations; and 

Pa t iormance  fo r  LeadAcld Bane* ' plale pasting. takeoff, cooling. and 
S u b p a a  KK-Standards o f .  

Manufacturing Planls *".- 

lead-acid battery manufacturing plant ' ' 

that producer or has the design capacity 
to produce in one day (24 hours) 
batteries containing an m o u n t  of lead 
equal to or greater than 5.9 hfg (6.5 tonn). 

(b) The provisions of this subpart are 
applicable to the following affected 
facilities used in the manufacture of 
lead.acid storage batterier 

(1) Grid cssting facility. 
(2) Paste mixing facility. 
131 Three-process operation facility. 
(4) Lead oxide manufacturing facility. 
IS)  Lead reclamation facility. . 
(6) Other Icad-emitting operation,. 
(cl Any farility under paragrapb (b) of 

this section the construction or . 
modification of whicb in commenced 

f 60.372 Standards lor l e a d  

[a) On and  af te r  the date  on whi& the 
performance test required to b e  , . conducted b y  4 60.8 is completed no,'.,: 
owner or operator  subject ti, the' .- ' %  7 -  

provisions of this subpart shall c a u e  lo  
b e  discharged into the atmosphere: .: '.: 

(11 From any grid casting facility any ' 
gascs that contain lead in excess of 0.40 
milligram of lead per  dry standard cubic 
meter of exhaust  ( 0 . , ~ 1 7 6  gr/dscl). 

(2) From any paste  mixing facility any 
gases that contain in excess o l i . ~ ~  . 
milligram of lead per  dry standard cubic 
meter of exhaust  (0.00014 gr/dscf). : 

(3) From any three-process operation 
facility any gases  that contain in ~ X C C S ~  
of 1.00 milligram of lead per dry 

. 

[ 
, 



*.!.,1.1 ruliir mr tw  o f e ~ h a u s t  (O.UX-l4 

I I ' I G ~ :  any b a d  oxide 
, '. I!  

I :faclurins facility any gi l5CS that 
c d i n  in excess of 5.0 mi\lig:ams of 
Ired per kilog:am of lead feed (0.010 Ibl. 
ton). 

(5) From any lead reclamation facilily 
any gascr that contain in excess of 4.50 
milligrams of Icad per dry s:sndanl. 
cubic meter ot exhaust (a.ool9a gr/dscll. 

(6)Frum any other Irad.emilling 
operatiun any gases that contain in 
excess of 1.M milligram per b 
standard cubic meter of exhaust (0.W4 
grldsco. 

(7) From any affected facilily other 
than a lcrd rcclamation facility any 
gases with p e a l e r  than 0 percent 
opacily (:w;isnred scrnrding to hlethod 
9 and r o w J e d  lo  the nearest whole 
percentage). 

(8) From any lead reclamation racilily 
any gases with grealer than 5 pcrrznt 
opacity [measured according to %lethod 
9 and rounded lo the nearest whole 
percentage) 

same plant (except the'lead oxide 
manufacturing facility] are dvcled IO a 
c.wnmon control dcvice. an equivnlent 
* tandad  lor the total e ~ h a u s l  from the 

nmonlj controlled facilities shall be 
ermined a s  followr .. 

p) \Yhen two or more facilities a t  lhe 

' .. 
. ... . N 

.- .. 
a-I  . .. 

# 60.374 Test methods 8nd PrOCCdureL 
[a) Reference methods-in Appendix A 

of this part. except as  pror-idcd under 
w.e(b). shall b r  uscd to dctcrmine 

complience according to f m.8 a s  

(I) hlcthod 12 for Iht measurement of 
lead concentrations. 

(2)  h l e h o d  1 for sample and  velocily 
Lraverses. 

(31 hlcthod 2 for velocity a n d  
volumetric flow rate. and  

(4) hlelhod 4 for rtach gar moisture. 
(b) For Method 12. the sampling time 

for each run 6hafI be at least w) minutes 
and I h e  rampling rate shall b e  at Icasl 
0.85 dscrnlh (0.53 dsd/min). except that 
shorter sampling limer. when 1 . . 
necessitated by process vatiables or 
other facto-. may be approved by the 
Administrator. 

(c),When diKeren!opera!ions in 
three.proces$ operation facility are 
duckd  IO scparate conlml devices. the 
lead emission concentration from the 
facility shall b e  determined using the 
equation: 

f d O W # : .  

-. 
N 

a-1 

d u c t e d  

cacb wnrrd dcbio. 

rate of the cmuent gas stream from r a d  

%-is the emiwion oonornmtion from 

%=xis the dry sland.de volvmelric now 

-. 
.neam ducted IO !he conlml dcvicc. 

~ - i g  the lolal number of clhawl s h a m s  
ducted Io the conlml device. 

Q*= i s  thr dq slnnddrd volumetric n o r  
UIC of the .mum gas cream Irom rarb 
facility ducicd to the consol deiice. 

Q+=is thr told b r:andud volumetric , no* w101 dl d i i m l p s  s l r t a m  
duclrd 'a rhc mnml dr r in .  

f 60.37J Monnoring 01 emisswm and 
op4rattonr 

The owner or operator of any lead- .. 
Reid batter). manufacturing facilily 
subject to the provkions of this subpar( 
and conlrolled by a scrubbing syslern[s) 
shall ins~all. calibrate. maintain. and 
operate a monitoring device(s1 6.1 

. 
rncasurei and  tecoltls the pressure b o p  
across the scrubbing sptem(s] at learl 

~ C P  every IS minutes. The monitorinn 
;ice shnU have a n  accurky  of 5 5  
.'cent over its ope:atins range.. 

. 

[d) For lead oxide manufacturing 
facilities. the average lead feed rate to a 
facility. expressed in k i logram per  hour. 
shall be dclermined for each I& run ar 
follows: 
. (I) Calculate the tntal amount of lead 

charged to h e  facility during the run by 
multipl>ing the number of lead pigs 
(ingots) c h a q e d  during the run by Ihe 
average mass of II pig in kilograms or by 
a n o h r  suitable me$od 

(2) Divide be  total amovniof lead 
charged to Ihe  facility during the run by, 
the duration of the run In houn. 

[e] Lead emissions from lead oxide.  ' 
manufacturing facilities. e iprcssed in 
milligrams per kilogram of lead charged. 
shall be determined using Ihc  following equation: . 
E m 4 d . J F  ' 

. 
' 

Wherr. 
E+,= is the Ired rmicsion r d e  from the 

facility in mil l ipms per Lilopram of lrad 
c h a 5 c b  

C,- i s  hhrcunvnlr.tion oflrmd in the 
.-haunt L I ~ C . ~  in miUip.ms DEI dry 
standard evbic mitct  as drtcrminrd 
according toperagrmph (aHlJ of Lha! 
srclion 

Q.-is he &-j standard volumetric now r a w  
in dry standard cubic metern per hour I s  
delrrmined according to pargraph l*)lJl 
of this srrtion. . 
hiluprarnn per hour a* determined 
acmrdinp IO paragraph (d) or thin 

F = i s  the Irad Irrd  ale to the fmcility in 

. 
' section. . ' . 

ISec. 114 of theClem Air Acl as amended 142 

2. ADDmdix A lo Pari W'is amended 

. .  . . .  . U.S.C. 7414)) ": 

by a d d k g  new Reference M e h o d  12 a s  
follow): . . ' . ' * .  - '  " 

. .  
. .  

' ' 

Appcndh A-Rafemno Mehods . . , . . . . 
~ ~ l h o d  I:. ~ ~ ~ ~ ~ i h ~ t i . .  ~, ,~=~oic  h a d  
Emjssivrrr From SI8tiooq SUM 

1. Applicabililf and Principle. ' 

1.1 Applicability. T h i s  mrihod applies to 
the detrrmin.tion of inorpanic lead IPb) 
emissions Lum spcified station.ry source# 

1.2 Rindple.Pariiculate and pa,eous % 
emissions are x4thdrax.n isohineliu!ly fmm 
tlm SOY- and collected on filter and in 
dilule nitric acid The collected eam?lrr em 
digested in acid solutjon and anslylrd by 
atomic abrorption rprctmmelry using an air 
acctylmr n a m e  . 

Infe<erenrrr 

IFCUI.CY 01 510 prrunt. the l u m r  Bmil of 
&e rmae is im pg Tbe u p p o  lint OD be 
considerably extended by dilutioh 
LZ halytisal Sensitivity. Typical 

stn6ttiviUes for 1-percent change in 
absorption I 0 . W  absorbance units) a R  0.2 
and 0.5 pg Pbld for che n7.0 end 283.3 m 

w R d s i o n T b c  wilhin.labaratoy 
prrcision. as measured by the mellicirnt of 
variation ranees Itom 02 lo  9.5 perunl 
relative IO I-UI-~CM wncenmtion f i e =  
vduee ?em bared on l c ~ l s  conducted e l  a . 

.gray iron foundry. elcad storlgr baltry 
manufacturing plank a secondary lead 
smelter. and a lead recovery fumam of LD 
dhyl lead manufmcturing plmL The 
concintr.tiolltencouteRd during lhesn 
tests ranged from 0.01 lo 13.3 q Pblrn'. 

2.4 htdcrmces. Sample matria eflect8. 
may inletfen ricb the anal~ris  for Pb by 
flame atomic absorption. U this interfemncr 
is S U S p e C l d  the analyst may antinn thm 
prtrencc or their mi& eflecu and 
frequently climin~te~thc intrrfermcc bs  usiw 
the M(rthod 01 Standard Additions 

I 4 ih  conceolrrtioni of coppe~ may 
interfere wi(b the malyris or Pb *I 2 1 7 . 0 m .  
This interference can be moidcd by - 
analpins d e  sampler .I a . 3  IUD. 

only. 

2. Rove.  SnsiUviry. Pncirion, and 

L1 R m p .  For e minimum analyliol 

. 

lines. respiciivdy:' . _  

1. Apporofur 
3.1 Sarr.plin~Train. A schcrnalic or the 

srmplinp train is shown in Ftpn 12-1; it i s  
rirnilrr Io Ihr hlcthod 5 train. The sampling 
train cunsists 01 the following componenls: 
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pb/ml. glrrolve 0.1598 of lead niWala 
 NO,),] In .Lou1 (y1 ml ~ I d e i o n i t e d  - 
dirtiUcd * I ~ I C I .  edd 2 ml concentralrd "0. 

dilute 10 100 ml wilb deionized dial ihd 
waler. 

4 4s Wortins L a d  Stundmtdm. Pipel 0.0. 
1.0. 2.0. 3.0. 4.0. and 3 0 ml of rhc slock lead 
slan&rd snlulioo 14.4.4) inlo 2 5 O d  
volumclric narks. Add 5 ml ofconcmlraled 
HNO. IO each Oask and dilule lo volume wilb.. 
deionized dirtll lrd u.alcr.'Thcse workirq 
slandardr conlain 0.0. 4.0.80.120.180. and 
20 o ,,g Vb/d: rcsprzUvelg. Pepare. as 
nc4.d. ad&lional standard. a1 other 
conccntratinm In 0 8hfl.r manner. 

4 . 4 4  AI,. Sultable qGdlty for alomlc 
mh.orption andgsla. '. 

4.4.7 Acalglenc. Suilnblc pualil).lor - 
i lomic absorplion a n d p i s .  

4.4.0 Hydrogen Pem=ide. 3 perccnl p/Q 
mhir  IO ml uf Y) pcrccnc H.O. IO im ml with 
dcionired &slilled *am. ., 

nwlhod i i  ruch tbaL in order 10 oblain 
rcli.blr rc.sul~s. lcslers ibould be trained and 
cq,er imcrd with Ihe lei1 prucedurer 

5 1.1 Rcl r r t  heparalion. Follow the sactie 
gcncrul pmccdbm siren in hlcllmd i Srclion 
4.1.1. except the fi:trr need not be neighed 

5.13 Prcllmimry Delerslinations. Follow 
the Lame gcncrd p m c e d m  gireo in h l e t h d  

5. Fmcedura 
5.1 Sampling. n e  c o i n p h i l g  of thim 

5. Secl ion~4.1l  
5.13 Reparation d Colleclion Train. 

Follow Ihc rams seneral pmcedtm siren in 
Mclbod 5. Section 4 . l I  ercepl p l a u  I W  ml 
of OJ "0. in each of rhr fin1 two 

. 
impingem. leave rhe l b i  impinge: empty. 
and lransler appmlimalelp ZW 10 yx) 8 of 
prcnrighed silica gel fmm l ls  conlaincr 10 Ihe 
fowlb i m p i q a .  SI up chr train as sbox-n io 
hgvre u-L 

5.1.4 L.akCheck Fmcedures. Follow lhe 
pencral Ieak-ched pmcedurcs given in 
hlelhod 5. Scclions 4.1.4.1. prc lcs l  Leak- . 
Check). 4.1.4.2 (Lnh-Checks Dvrirq Ihe 
Sample Run). and 4.1.4.3 (Posl-Test khk- 
Check). 
LIS Sdmgling Train Operation. Follow 

the same general p m v d w e  given in Method 
i Sectlun 4.1.5. For ea& r y l ~  m w d  the dola 
rrquirrd on a data ihcrr such as the OM 
s h m m  in EPA hlclhod 5. F i u m  SZ 

S*mc I S  hlolhod S, Section 4.1.8. 
5 3  Sample I;eaon-c~. Begin proper . 

dv.nup p m c d u n  IS soon .I thc probe b 
rcmvrrd (rum Uie  SI^ .I the end 01 lhe 
ailmpling period 

Allow lhr p r d r  lo cool. \\hen I1 can bc 
s*lcly hanA:rd wipe "n d l  ericrnd 
Iwliculule rn~lirr near the lip of the pmbe 
n b d c  and place a cap o>er 11. Do no1 cap oll  
11w probe tip IighUyThile Ihr samplinp l n i n  

S.1.0 Calculrlinn of percent holinelir ' 

# 

. #  

~- 
is ciiolinp d o n a  a s  th in  * o d d  m a l r  a 
V-.NYIII in Ihe fillet holder. fhum dram- 
liquid lmm Ihr lmplngurs inlo the  filler. - 
clranup tile. mmo\- the pmbe lmm IhO 
sapling t ra ia  wipe on tbe silieonr S~.SL and 
rap the open O Y I I ~ I O ~  h e  probe. Be careful 
no1 lolore anf w n d c n u l e  Ih.1 mlghl k 
preicnL Wipe on the siliconc g n a w  brrm the 
glassware lnlrl x h r m  lhr probe *'as fastened 
and crp Ihe inlet. Remore the u m h i l i d  w d  ,' 

lrom Ihe lasl implngcr and cap Ihr Impingn. ' 

The icsler may urc p u n d - g l a s s  mtoppen 
. 

plarlic caps. or SCNIII caps Io clo!e !heme 
opcnings. 
Trinrfcr the probe and nlIrr.lmpinpr .. 

mrwmbly lo m cleanup .ma. which is c1r.p - 
and prolacled lmm thc wind no lha l  the , 

chmccs ofconlomlnallng or losing Ihe 
sample are mlnimizrd - 
disassembly and "ole m y  abnormal 
sondilloru. Trcal the samples as lonowr: 

Confoincr No. I [Filler], Camfully 
remow Ihc filter Imm the filler holder and 
place 11 in its Idcolified pevi dirb conlaincr. U 
il is nccrsrary lo fold the filler. do SO much 
that (he sampleirpored ride Is inside the 
fold. Grelully transfer ID the prlri dish MY 
visiblr sample matter and/or rJler fibers lhal 
adhere lo the filler holdc: parkel by using 
dr). Sglon bristle brush and/or a sharp-edged 
blade. Srnl Ihe conlainer. 

5 . 2 . ~  Cunbainer No. 2 [hobe].Taking care 
that durl un Ute outride 01 Ihe probe or oIhcr 
ex1crior rurlacsr dues not gel into Ihe 
sample. quantilativel) recover sample msller 
or ang condensale fmm the probe norzlr 
pruLr l i l t i ng  pmbc lincr. and Imnl  half of the 
fillrr holdcr bg mashing Ihcse compvnrnU 
wiih 0.1 h'llrO, and p!aciq lhhe wash inlo a 
glass samplr storrgc wntainer. hlcaawe nnd 
record (lo Ihhc ncan.s~ 2.ml) lhe lolal amount 
olo.1 N HNO, urrd for each t i m e .  Perform 
the 0.1 K HSJ'rinrrr 81 followr: 

CareluUy rumow Uic pmbc nozzle and 
rinse the inside surfaces uilh 0.1 N HSO' 
from wash bollle while brushing w i h  
~tainless riccL Nylon.brirlLbrush. Brurb 
wrlil !he 0.1 N m'0, rinse rbors  no risible . parlisler. hen m&s a h a 1  rinse 01 Ihe ihrida 
' d X L  
*Brush and wlth 0.1 N AVO. Ide Inside 
prrcr of the Sw.pelaL f i l t i q  in a rirnilsr way 
until  no risiLlc particles mmin 

\:%le rotating Ihe pmbe so thal d l  inside 
r d a u r  will be r i n d  wilb 0.1 N "0, tih 
I!W probc and squirt 01 N HXO. inlo i l s  
vppar end. L1 Ihr 0.1 N ILVO. drain from the 
loner end inlo ,lhe sample conlaher. The 
ICSICI may use a ghss b e l  IO aid in 
tr.nrfening lipuld washes lo Ihc conlainu. 
F d h w  lbe rinse wilh a pmbe brush Hold the 
prclir in an inclined position, squL10.1 N 
IiSO. inlo Ihc upper end 01 the pmbe a s  Iha 
proLr l m r h  is being rushed wiIh a IwisIirU 
aclion thmugh tbr probe. bold the sample 
conlainrr underneath lhe lower end ofthe 
probe and calch m y  0.1 N "0. and sample 
maller that is bruihrd from the pmhe. Run 
lhhc bmrh Ihm-h Ihs probe lhree limen 01 , 
more until no vis;blc rarnplc matter is carried 
OYI r i l h  Ihc 0.1 N HNO. and none m m ; h s  on 
Iheprohr lincr nn visual inrpcction. With 

Bcfon m o ~ i q  Ihe smmpling b i n  I O  Ihs 

Inspect the traln prlor 10 and duriry - .  ,_ 

5.2.1 

. 

Rinse Ihe pmbe liner nilh 0.1 N 

' 

. 



-_._ ._ . . 

st.inirrs *IWI or olhrt mrlnl prulrcs. run the 
Iv:,.h throuFh In the o h e  prurrribcd 
I. .z:wr .I  SI .ii times. L ~ ~ L C  metal prulres 
I ... ...... :I I I P \ ~ C P I  In nhirh irmplr mfsller 
a ..e. I,. I .!v,.,qwd R m r  thc b w h  with 0 1 N 
IINU. mrl q ~ ~ w t i l a t i ~ 4 y  L o I I ~ c I  lhcie 
wuihiopi in Ihr sample container. Aflcr lhe 
brushing makt fad nnsr of the pmbr na 
deruibcd above. 

I! I s  tecommendd that two riruplr c l r m  
the pmhi to minimize loss of r.iniplc. 
Bctnem sampling a n i .  Lvrp brurhts cIraI: 
mnd pmiectrd from contrminnlinl. 

Altcr insuring that dl joints are n i , d  
r,lwn of silicon' p ; , ~ .  I m i h  and e- . .~  with 
0 1 S IINO, the inridr. of thr frwnl hnlf of the 
filler holder. b u s h  m d  rinse cdch suf-ce 
tlirrc t i rnc~  or mure. if ncrCcd. 10 rrmose 
visible sample maltcr. Make a final r i n x  of 
the Lwrh and filter holder. Aflcr all 0.1 N 
IISO. rashings and asm>le mi l l er  am 
collected in the sample container. tighrrn the 
lid on the samplr container LO lha! Ihr n u i t  
wi l l  not lrak oil  when it i l  rhippcd 10 the 
Irbnraiory. Mark the hrighl of the fluid h e 1  
to dctcrminc nlirlltcr Irrl.igc O C C ~  during 
transport. L h e l  the wntsiner lo clrrrly 
idcnlJ) i t s  mntrntr 

5.L.3 CwloincrKo.  J(5i';r.a Crl). C h r d  
Ihr color of lht indicating si!ica gel 10 
&imninr if i t  has been cornpl4rly rprnl and 
m a l e  notalian of i t s  mndilion. Tramfcr the 
silica grl from the fourth impingrr to the 
vriginrl container and s r d  l?Ic tester may 
, , *e  a lunnel 10 pour thr silica gel and a 
~ , . ! . I w t  p1bcm.m to r c m o ~ e  Ihr diu gel 
!rum 11m imrinsrr. I t  is not nrrcszilry Io 
remob< the r a I I  amount of p~r l ic lcs  that 
mdy adhrre Io  the walh and UP difficull to 
~ C ~ O Y P .  Since thc gain in neigh1 i s  Io be u s d  
fur m o i ~ ~ c x ~  r ~ l c u l ~ l i o n s .  do  no1 w e  any 

pI. If a brlance ir axailablc in the field. the 
i c s l q  may follow proctdure for Container 
KO. 3 under Section 5.4 [ h a l y i i i l .  

n.z4 Cmroiner No. 4 ompingen]. Due lo  
I%, I q r  quantity ofJiqaid incolved the 
IcaIcr may place the *pinger sdulionr iu 
~ c \ e r a l  conlainen. Clean each of the fin1 
*.tee impinsrn and connecting gldrsram in 
&E following mamcr. 

s i l i c m e p t a s e  end cap the iointa. 

the inipingrr conWbmiighI seme a s  a rinse 
Sollltion 

a Xn ml gr*dwledcy(indcr. Rrmovr the 
OUIICI I~a11 icinl cap and drain the contcnta 
through this oyvninp nonot separate Ihc . 
impi:ipcr parts (inner and mler  tuhes] while 
trrnrlrrriny the" contents Io the cylinder. 
hlrrsure the liquid volum, Io within 2 2  mL 
Akemali\cl), drlcrmine the weigh1 of the 
liq~,,! IO nitl.in ? 0.5 g. Recurd in the log the 
r d m e  orxGght  01 the liquid prcrenl.rlrrng 
with nota~wn of m y  color or film obscr+d 
in the impicgrr c.(rh. 'Lhr liquid voliime or 
wright is nrrd*d. dong with the diu gel 
data. IO c.lru!alr the s t i r l  gas moirlum 
contint L.rr hlr'hrrd 5. Figure 55). 

. 

wale, O:.~!kr l iquids to transref Ihc dI1ra 

1. \$'ipe the impingcr ball joints free of 

2 Rolatc and agilale each impinger. so ths! 

3. Trrnrfrr the conlcnls of the impicgcrs to 

. 

. 
4. TrrntfrrIhrconlcntr to Contrinrr NO. 4. 
5. Now In steps5 and 6 bolow. mrasum 

and record the total amounlbf 0.1 N4INO. 
used lor rinsing. Pvnr appro\imnlcly 30 ml of 
0.1 ti IiNO. inlo nrh  of the first chree . 
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., Appendix E 

CALIBRATION INFORMATION 

NOZZLES 

Each new set o f  n o z z l e s  purchased by ET1 are first machined 

and c a l i b r a t e d  b e f o r e  be ing  p u t  i n t o  f i e l d  use. 

whenever i t  becomes a p p a r e n t  t h a t  a n o z z e l  h a s  been damaged, i t  

is a g a i n  machined and r e c a l i b r a t e d .  

w i t h i n  0.002 i n c h e s  ( D i f f e r e n c e  between h i g h  and low r e a d i n g s ) .  

T h e r e a f t e r ,  

A set of  t h r e e  i s  matched t o  

PITOT TUBES 

A l l  p i t o t  t u b e s  used by ET1 whether  s e p a r a t e  o r  a t t a c h e d  t o  

P r i o r  t o  b e i n g  p u t  a sampl ing  probe were made by ET1 p e r s o n n e l .  

i n t o  f i e l d  u s e ,  t h e y  are c a l i b r a t e d .  

p i t o t  t u b e  is c o n s t r u c t e d  p r o p e r l y ,  and n o t  p o s i t i o n e d  t o o  c l o s e l y  

t o  t h e  probe n o z z l e  or any  o t h e r  o b s t r u c t i o n ,  i t  w i l l  have  a Cp 

of 0.83 - 0.87. 

b r a t i o n  s h o u l d  n o t  change.  

a Cp of 0.84. 

0.84, it is a l t e r e d  u n t i l  a r e a d i n g  of 0.84 is o b t a i n e d .  

I n  g e n e r a l ,  i f  a t y p e  "S" 

A s  l o n g  a s  t h e  p i t o t  t u b e  is n o t  damaged i t s  cal i -  

A l l  ET1 p i t o t  t u b e s  are made t o  have 

If a p i t o t  t u b e  d o e s  n o t  i n i t i a l l y  have a Cp of 

DRY GAS METER AND ORIFICE METER 

Meter box c a l i b r a t i o n s  are checked p e r i o d i c a l l y  a c c o r d i n g  t o  

t h e i r  usage. 

t h e  meter box is s e n t  back t o  the  manufac tu re r  t o  be rechecked.  

I f  a large d i f f e r e n c e  is no ted  between c a l i b r a t i o n s ,  



THERPIOMETERS, FYRITES, ORSAT, ORSAT, ORSAT BAGS 

Each new thermometer, pyrometer and thermocouple purchased 

by ET1 is checked and calibrated before being put into field use. 

Periodically and according to each piece of equipments use it is 

again checked and recalibrated. 

Fyrites and orsats are checked after each source test. 

they do not function properly, each is refilled with fresh solu- 

tions and rechecked. 

evacuated after each source test. 

If 

Orsat gas sampling bags are leak tested and 

Calibration data and test dates are posted on each individual 

piece of equipment. 

LABORATORY EQUIPMENT 

ET1 has a written quality assurance document that covers cali- 

bration and maintenance of laboratory equipment. 

calibration of the analytical balance daily against Class S weights, 

and service contracts to maintain traceability to N.B.S. 

of thermometers, barometers, stopwatches, and wet test meters are 

traceable to N.B.S. A copy of our quality assurance document may 

be obtained by written request. 

This includes 

Calibration 
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Revision t:o. 0 
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?age 9 o f  i 5  

FXiT357 -POSTTEST C A L I B U T I O N  CHECKS 
(Plethod 5, Figure  5 .1)  

P l a n t  T o 1 1 H j ~ ~  Cc,dfll,, / I  C a l i b r a t e d  by bid' 
Meter box number 1 S 6 r  Date  

Dry Gas Meter 

P r e t e s t  c a l i b r a t i o n  f a c t o r ,  Y / . o o  ( w i t h i n  i2;L) 
F o s t t e s t  check ,  Y *  0,  "ruJ ( w i t h i n  is% of  p r e t e s t )  

no 
( w i t h i n  +27:) 

Lower c a l i b r a t i o n  f a c t o r ,  Y f o r  c a l c u l a t ~ o n s  ( p i e t e s t  or 

_. 
R e c a l i b r a t i o n  r e q u i r e d ?  Yes J 

-__---.- I f  y e s ,  r e c a l i b r a t i o n  f a c t o r ,  Y 

p o s t t e s  t ) 

Dry Gas Keter- Th?rnometers 

Was a p r e t e s t  t empera tu re  c o r r e c t i o n  used? ves  / 110 
I f  y e s ,  . t e n p e r a t b r e  c o r r e c t i o n  
r a n s e )  

t 6 O C  f10.6OF) a t  ambient  t e n o e r a t u r e l  / 

( w i t i i i T Z 0 C  ( S . F F ) v e r  

P o s t t e s t  comparison u i t h  mercu ry - in -g la s s  thermometer?* ( w i t h i n  

no fie c a 1 i b r a t i  c n r e  q u i I- e a ? 
R e c a l i b r a t i o n  t e r n p e r a t u r e c o r r e c t l o n )  ( w i t h i n  i3'C 

/ ~. ~ - yes 

f 5 . S " F l  o v e r  ranee)* 
i f  y e s ;  no c o r r e c t i o n  n e c e s s a r y  f o r  c a l c u ~ a t i o n s  i f  meter  
thermometer t empera tu re  i s  h i g h e r ;  i f  c a l i b r a t i o n  te inpei-ature  
i s  h i g h e r ,  add c o r r e c t i o n  to average  meter tempera ture  f o r  
c a l c u l a t i o n s  

S t a c k  Temperature Sensor  

,/ no 
I f  y e s ,  tenperat : : re  c o r r e c t i o n  O C  ( O F )  ( w i t h i n  -11.5% of  
r e a d i n g s  i n  K ( O x )  o v e r  r a n g e )  

Average s t a c k  t e n i p r a t u r e  o f  compliance t e s t ,  T -____ 5-3r r ( ( " R )  
Temperature  o f  r e f e r e n c e  therlnolneter o r  s o l  ut ioj l  f o r  r e c a l  i b r a -  

t i o n  y 3 <  , d ( " K ) *  ( w i t h i n  ti@?: of  T,) 
Temperature  o f  s t a c k  tkAerinoneter f o r  r e c a l i b r a t i o n  5 3  I- /K ( ' 2 )  
D i f f e r e n c e  betwsen r e f e r e n c e  and s t a c k  thermometer tc tLpera tures ,  

A- yes no DO v 5 l u e s  a g r e e  w i t h i n  +I. s>;?* 

was a p r e t e s t  t e m p e r a t u r e  c o r r e c t i o n  used? Yes -- 

AT 0 w!o;o 
i f  y e s ,  no c o r r e c t i o n  n e c e s s a r y  f o r  c a l c u l a t i o n s  
I f  no, c a l c u l a t i c n s  m u s t  be done tu ice- -once  K i t h  t h e  recorded  
v a l u e s  and once w i t h  t h e  ave rage  s t a c k  tempera ture  c o r r e c t e d  t o  
co r re spond  t o  t h e  r e f e r e n c e  t e z p e r a t u r e  d i f f e r e n t i a l  ( 4 T S ) ;  
bo th  f i n a l  r e s u l t  v a l u e s  m u s t  be r e p o r t e d  s i n c e  t h e r e  i s  no way 
t o  d e t e r x i n e  v h i c h  i s  c o r r e c t  

( c o n t i n u e d )  
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( c o n t i n u e d )  

Ea roine t e  r 

no 
F o s t t r s t  comparison?* A Z O  g+' m'(in.) Hg (t2.5 mm ( 0 . 1  i n . )  H g )  
wzs c a l i b r a t i o n  r c q u i r e d ?  Yes J no 

I f  y e s ,  no c o r r e c t i o n  necessa ry  f o r  c a l c u l a t i o n s  when t h e  f i e l d  
harorneter h a s  a lower r ead ing ;  i f  t h e  mercury-in-glass  r e a d i n g  
i s  lower,  s u b t r a c t  t h e  d i f f e r e n c e  from t h e  f i e l d  d a t a  r e a d i n g s  
f o r  t h e  c a l c u l a t i o n  

Was t h e  p r e t e s t  f i e l d  barometer  r e a d i n g  c o r r e c t ?  / /yes  . -- 

Nozzle* 

Was t h e  n o z z l e  c a l i b r a t e d  t o  t h e  n e a r e s t  0 .025  mm ( 0 . 0 0 1  i n . ) ?  
J y e s  no 

Impinqer Thermometer 
was a p r e t e s t  t e rn2era ture  c o r r e c t i o n  used? yes J no 

(in t 3 " C  (5.4OF) If yes,  t e f i p e r a t u r e  c o r r e c t i o n  
ove r  r a n g e )  . 

*Plost s i g n i f i c a n t  i t e m s / p a r m ' e t e r s  t o  be checked.  
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TYPE s PITOT TUBE INSPECTION DATA FORM Date: g/19 /=S 

Spec i f i ca t ions :  Cal ibra tor :  
1.) P i t @  tube-assembly must be l e v e l .  
2 . )  I f  p i t o t  tube is damaged exp la in  under comments sect ion.  

Probe Length 4 ft. 

Probe Length - f t .  z - A s i n 7  <0.125 
w - A s i n 4  <0.03125 

Commehts: r\l one  &anaped 
P i t o t  tubes  r equ i r ing  c h i b r a t i o n :  dcrlc 



Set # I Drown Box 

. J9f 
, v9x 
I q97 

D1, i n  

,163 
, /as 
, /Br 
, 2 5 /  

. z s 3  
, 2 5 5  
,354 
,30z 
,304 
-3 7 3  
,37g 
,374 
, 49s 
,&a 
,493 

,499 
I 429 
, 49.9 

Set # 2 Blue Box 

D4, i n  

. / t J  . /fa’ 
I 1.73- 

, 2 s z  
-73-3 

, 306 

,252 

, 303 
,304 

-379 . .578 
,375 

. 497 
,499 
. 496 

I 
Date: 4/1 i / d  J 

Calibrator: J S q  

D5, i n  A D .  i n  

. / P .  
, / 3c  . U 6 /  

dhere: 

D1,2,3,4,5 = nozzle diameter measured on a different diameter, i n ,  

= maximum difference i n  any two n1enscre:::ents. i n .  

= average of D1, D2, Dj. D4, and D5 

Tolerance = measure within 0.001 i n .  

Tolerance = 0.004 i n .  
D 

D 
avg 

, 002 

. 0 0 1  

, 0 0 1  

. J O L .  . 0 0 1  - D a  / 

, 001 

00 2 . do 2 
. 002 

00. I 

, 0 0 2  

D avg. 

, / d S .  
, / 3 c  

. 25-z 
,253 . Z 7 L  

a 305 
.303 

7 

.30P 

.3 ?a 
,377 
,375 

.49z . 499 
,497 



J 

./ environmeniial besiiinq ink 

T h e r m o m e t e r  R e a d i n g ,  "F Ref. Temp. ( A m b i e n t )  F 

Meter box I:,'& A 7$- 7Lt 
Meter box b 7f  7 q  
Impinger */ 7b  -79 
Impinger f f " ~  7y 7Lf ~ 

I 

- WB 

DB - - 

POST-TEST TH E R M O M E T E R  CALIBRATION 

Client ctrl7GO I 5 D a t e  / o  -5-  Bc 

Box #fs 
Box $L 

Location b & f f  T ; Y I M P I  Ref T h e r m o m e t e r  

7s 7Lf 
7s 7Y 

I - I - lBox I 



., . emrirunmential tiestring ink 

Impinger 4 / 

Impinger J 2 

WB P l  

PRETEST THERMOMETER CALIBRATION 

7tL 7tE. 

7 >- Fit 

37 Zt 

Reading, O F  1 Ref. Temp. (Ambient) ' F I ITh e r mome t e r 

Box 'Y 
a <  Box 

I I I 

?7 36 

7% 39 

- Box - 

Probe 8' 81  

Probe 8' # 

I I I 

7 I- 7r 
7c h- 



i 

.' 

STACK TEIWEWLTURE SENSOR CALI aftkT1 ON DATA FODI 

Date  0 9  - 16- 8 5  The~rmocouple number 0 . b  

Arnijient tem2erature 77 OF Barometric pressure 34.29 i n .  Hg 

Calibrator Reference: mercury-in-glass '31 

Reference 
thermometer 
temperature, 

O F  

W 

aq9 
o n  

ther 

Thermocouple 
Potentiometer _ _  
temperature, 

O F  

Temperaturec 
difference , 

% 
0.0 

0.36 
w. 0 

-0.14% 

.. 27% 

-0.1VZ 
e. o 

- 0 . a ~ ~ :  

- 0 .My. 
0.8 
8 . N X  

8.0 

0. a 
0.0 

- as 14x 

aEvery 3OoC (506F) f o r  each reference p o i n t .  
bType o f  ca l ibrat ion  system used. - -  

Quality Assurance Handbook K2-2.10 



?- 
MGpm BOX TEMPERAT_URE SENSOR CALIBRATION DATA FORM 

TOERANGE: f 5.b F 

Date  6s- 1 6 - f ~  Thermocouple number u3 

Ambient temperature 13 O F  Barometric pressure 19.2q in. Hg 

Calibrator P4J - FLH Reference: mercury-in-glass B 2 Z  

1Wl)b 
b. 
C. 

I * l A  L. 

4 
C.  

I401 8 
b. 

19bS A - 
b. 

L 

c. 

Reference 
Lhermometer 
:emper ature , 

O F. 
42. 
73 

117 
4% 
73 

117 
Y% 
73 

I1 7 
4z 
7 3  

I1 7 

her 

Thermocouple 
potentiometer 
temperature, 

O F  

remperature, 
ii f f erence, 

% 
- 0,207. 

0.0 
0.17% 

a.0  
0 . 0  . 
0.17% 

0 .o 
0 . 0  

0.17% 
0.0 

0.14% 

0.0 

0 . 0  
0.0 
0.20% 

@. I7X  
0.0 
0.9sz 
0.35% 

O.Z@A 
o.rQ35 
0.38% 

'Every 3OoC (SOOF) for each reference point .  
bType of ca l ibrat ion system used. 

OF +L60 '1 lOOL1.5%. 
temp, +I60 ) - ( tes t  thermom temp, 

ref temp, 'F + ~ 6 0  

Quality Assurance Handbook M2-2.10 
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r, 

I 
1 

I' . 

? .  W-BlJTE k DRY-BULB 
TEMPERATURE SENSOR CALIBRATION DATA FORM 

T O W C E :  2 3 c. ( 6 . b  F a )  

Date 08-16-85 Thermocouple number 

Ambient temperature 76 p Barometric pressure aQ.24 i n .  Hg 

Calibrator PeJ Reference: mercury-in-glass *21 

I 

P 

h e r  

Thermocouple 
potentiometer 
temperature,. 

F 

74 

!Every 3O0C (SOOF) for each reference .point .  

Tempera turec 
difference , 

% 

0.0 
6.0 
0.0 
0.0 

-0.27% - 0.14% 

bType of ca l ibrat ion system used. 
- (test themorn temp, F + &&A] . . -. 

10051.5%. 
F +Lbo 

ref temp, ' p  + 1160 1 

Quality Assurance Handbook M2-2.10 
. .  



A 
I ~ ~ U G E R I  TEMPERATURE SENSOR CALIBRATION DATA FORM 

TOLGUNCE: i 2.0 F. 

Date OP-Ib-Bb Thermocouple number n~? 

Ambient tesperature 76 O F  Barometric pressure 29 .&  in. Hg 

Calibrator pu Reference: mercury-in-glass *a2 

Reference 
. pointa 
number 

* I  a. 
b. 
c. 

*Z 6. 
b. 
C. 

li3 a. 

* Y  

b. 
C. 

b 

' 5  0 
b 

L 

C 

b Source 
[ s p e c i f y )  

other 

Reference 
ihermome ter 
temperature, 

0 1  

Thermocouple 
potentiometer 
temperature, 

O F  

76 
SY 
3c 

76 
5 5  
37 

I C  
$5 
9 7  

76 
S J  
a6 

7 9  
51 

3 8  

Temperature, 
difference,  

e.o 

x 
0.0 
0.0 

0.0 
-0.197. 

0.0 
-0.19% 

-0.10% 

-0.Wy. 

6.0 
e. 0 

. 0.0 

-0.37% 
-0 .  ssqr - o.rlO% 

'Every 30°C (SOOF) for  each reference point. 
bType of ca l ibrat ion system used. 

t e s t  thennom temp, O F  +b6OJ] 
loo< - 1. S X .  

I r\ C [ j r e f  temp, 

I 
Qual i ty  Assurance Handbook M2-2.10 1 

. .  



F i 
BOX TENPERATLIRE SENSOR CALlaRATION DATA FORN 

T O W C E :  ~ 5 . k  F 

Date o a - i b - s 5  Thermocouple number rJ* 

Ambient temperature 77 O F  Barometric pressure 2 9 . W  in. Hg 

Calibrator PW Reference: mercury-in-glass *as 

Reference 
pointa Source 
number (specify) 

. 0. 

e. 
a. 

h 

b. 
C. 
PI. 

Reference 
theraome ter 
temp era t u r e, 

O F  

7 1  

.her 

Thermocouple 
potentiometer 
temperature, 

O F  

7 7  
aa 3 
2 79 

7 7  
123 
269 
'7 

220 
a 74 

22 
3 7 z  

aa 7! 
2 76 

7 7  
2J22 
3 I$- 

7 6  >a I 
2 7 /  

2 6 7  

77 
13% 
a 76  
?b 

2 1  8 
ab9 

2 78 

Temperaturec 
difference, 

% 

0.82% 
0.0 
4.588% 

aEvery 30°C (5OOF) for each reference point. 
bType of calibration system used. 

O F  ' Ibo '1 100(1.5%. 
jref temp, O F  +L60 ) - (test thermom temp, 

ref temp, OF + k60 

I--- 
Quality Assurance Handbook M2-2.10 




