
EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.




Radian No. 262-017 
DCN NO. 87-262-017-01 

COMPLIANCE FIELD TEST REPORT 
OUTERBANKS CONTRACTING 

ASPHALT PLANT 

Prepared f o r  : 

Mike Owen 
Outerbanks Contracting 

Post Of f ice  Box 160 
Plywood Road 

Plymouth, North Carol i n a  27962 

Prepared by: 

Robert Jongl eux 
Radian Corporation 

Post O f f i c e  Box 13000 
Research Tr iangle  Park, North Carol i n a  27709 

A p r i l  1987 



RADIAN 
COICORnTnO* 

RADIAN REPORT CERTIFICATION 

This repor t  has been reviewed by the fo l lowing Radian personnel and i s  a 

t r u e  representation o f  the resu l t s  obtained from the sampling program 

conducted a t  Outerbanks Contracting, Plymouth, North Carol ina Asphalt Plant  on 

A p r i l  1, 1987. The sampl ing  and ana ly t i ca l  methods were performed i n  accor- 

dance w i t h  the procedures out1 ined i n  CFR 40 Part 60, Appendix A, Method 5A. 

(7- 1-86 Ed i t ion  pg 524-526). 

APPROVAL 

Pro ject  D i rec to r  Date q] /!/B? 

Program Manager  ate 4,(/97 



RADIAN 
COaCOaLTloI 

TABLE OF CONTENTS 

Sect i on m 
1.0 Introduction . . . . . . . . . . . . . . . . . . . . . . .  1-1 
2.0 Sampling . . . . . . . . . . . . . . . . . . . . . . . . .  2-1 
3 . 0 Analysis . . . . . . . . . . . . . . . . . . . . . . . . .  3-1 

Appendix A Computer Summaries and Example Calculation . . . . .  A-1 
Appendix B Field and Analytical Oata Sheets . . . . . . . . . . .  B-1 
Appendix C EPA Method 5A Protocol . . . . . . . . . . . . . . . .  C-1 
Appendix D Cal i brati on and Cert i f i cat i on . . . . . . . . . . . .  D- 1 



1.0 INTRODUCTION; 

On Wednesday April 1, 1987 Radian Corporation conducted a compliance test 
for Outerbanks Contracting at their Plymouth, North Carolina asphalt plant. 
Radian Corporation performed three (3) particul ate matter tests (EPA M5-A) in 
conjunction with visual emissions observations (EPA M9) at the baghouse outlet 
of the asphalt production plant. 

The testing was performed by Gary Henry and Lee Garcia of Radian 
Corporation. Visible emission observations were recorded by Mr. Garcia, who 
is a certi.fied Visible Emissions Evaluator (Certificate # 217711). Production 
data was supplied by Mr. Mike Owen of Outerbanks Contracting. The testing was 
observed by Mr. J.R. (Randy) Tripp of the North Carol ina Department of 

Envi ronmental Management (NCDEM) . 

Average particulate matter emission rate was 3.32 pounds per hour 
(1 bs/hr) during the period of testing, with a high of 4.97 lbs/hr and a low of 
1.66 1 bs/hr. The emission rate per unit of production averaged .0166 pounds 
per ton (1 bs/ton) of asphalt, with range of .0085 1 bs/ton to .0248 1 bs/ton. 
The average parti cul ate matter concentration during the test was .0177 grains 
per dry standard cubic feet (gr/dscf). The NCDEM particulate matter 
limitation for this facility is .04 gr/dscf. Visible emissions were recorded 
as zero for all six minute intervals during the test period. Table 1 
summarizes the testing results. Individual test summaries are to be found in 
Appendix A for the particulate matter and visual emission tests, 



TABLE 1. TEST SUMMARY 

Baghouse Flue Gas Vol umetr i c  Part lcul  a t e  Matter 
Pressure Moisture Flow Rate Emission Rate Concentration 

Drop ( I n  H20) X ( ACFM 1 DSCFM 1 ( 1  bs lhr )  ( ~ b s / t o n ) ~  (gr/dscf 1 

Test #1 1.5 28.9 44 , 290 21,705 1.66 .0085 .0089 

Test #2 1.1 27.7 45,385 22s 65 1 3.32 ,0165 .0171 

Test #3 1.0 31.5 45,217 21.373 4.97 -0248 . O n 1  

a Production ra te  was u l n t a l n e d  a t  200 TPH durlng tes t  perlod. 
I 
c., 



2.0 SAMPLING: 

Particulate matter samples were taken in accordance with protocols 
delineated in €PA Methad 5A. A complete test protocol is contained in 

Appendix C. This method is very similar to €PA Method 5, wherein an 
isokinetic sample is withdrawn from the gas stream through a heated glass 
probe and filter. Particulate matter was deposited on the filter before the 
gas stream enters the condenser and metering system. Figure 1 is a schematic 
of the Method 5 sampl ing train. The optional glass cyclone was utilized 
during all test runs due to the expected high flue gas moisture content 
(>lo %). 

Probe and filter temperatures were controlled to the method specification 
of 108'~ (t18) for the duration of testing. A water cooled probe was 
substituted for the standard Method 5 probe in order to maintain probe 
temperature at the desired setting. Both probe 1 iner and filter holder were 
of borosilicate glass construction. Tared Whatman 934 AH filters were used as 
the particulate collection substrate (<0.05% penetration of 0.3 micron OOP 
particles). Stainless steel buttonhook nozzel s were used at the sample train 
inlet. 

The condenser system consisted of four modified Smi th-Greenberg impingers. 

The first and second impinger contained 100 ml of water. The third impinger 

was left empty to act as a condensate collector. The fourth impinger contained 
approximately 200 grams of silica gel to absorb any remaining water from the 
sample gas stream. The impinger system was kept iced at all times during 
sampling. The impingers were weighed before and after sampling for gravimetric 
determination of flue gas moisture fraction (as per EPA M4). 

Samples volumes were measured with a Rockwell model 175-S dry gas meter. 
Current cal i bration information is 1 ocated in Appendix D. Effluent gas 
velocities were measured with a type S pitot tube. Nozzle calibrations and 
Method 9 certification are also contained in Appendix 0. Fixed gas composition 
was determined by fyrite analysis of integrated bag grab samples collected 
during each test period. 





Outerbanks Contract ing produces asphalt concrete by mix ing aggregate w i th  

1 i q u i d  asphalt i n  a heated r o t a r y  k i l n .  The asphalt p lan t  i s  a mobile u n i t  

manufactured by Astec. The feed dur ing the t e s t  per iod was 93.5% 1 i g h t  

aggregate and 6.5% l iqu - id  asphalt. No recycle asphalt was used dur ing the 

t e s t  period. Asphalt production rates-mintained a t  2 0 0 x  per hour 

(TPH) dur ing the t e s t  period, which i s  the maximum production r a t e  obtainable 

a t  t h i s  f a c i l i t y  using l i g h t  aggregate. A t o t a l  o f  1349 tons o f  asphalt were 

produced dur ing the 7 hour per iod o f  production on A p r i l  1 (193 TPH average). 

Gas e x i t i n g  the k i l n  was co l lec ted and passed through a baghouse 
contain ing 13 modules, a l l  o f  which were i n  operation dur ing tes t ing .  A 

module consists o f  4 rows o f  four  bags each. Continuous cleaning o f  the bags 
are done w i t h  pulse j e t  ventur i  system. Each row o f  bags were cleaned every 
14 seconds o r  once a minute per module dur ing the t e s t  period. The average 
pressure drop measured across the baghouse dur ing t e s t i n g  was 1.2 inches o f  
water (in.H20). Figure 2 i s  a schematic o f  the f l u e  gas flow. 

Par t i cu la te  sampling was performed i n  a 44" x 29" duct located on top o f  

the baghouse. Four po in ts  i n  each o f  s i x  por ts  were sampled f o r  three minutes 
each (72 minute t e s t ) .  A schematic o f  the t e s t i n g  mat r i x  i s  shown i n  Figure 3. 

Upon completion o f  sampling, the sample t r a i n  was immediately leak  checked t o  

ensure a val i d  sampl e was taken. A f t e r  a1 1 owi ng the t r a i n  t o  cool , probes and 

f i l t e r  holders were capped and moved t o  a sample recovery area where the t r a i n  

could be recovered wi thout  sample 1 oss o r  contamination. Probes, f i l t e r  

holder f r o n t  halves, and nozzles were brushed and r insed  w i t h  1,1,1, tri- 
chloroethane i n t o  precleaned glass bot t les ,  closed w i t h  a t e f l o n  1 ined cap. 

The f i l t e r s  were pu t  i n t o  a clean glass p e t r i  dishes. A l l  samples were 

appropri a t e l y  1 abel ed and saved f o r  analysis. 



Figure 2 Schematic of asphalt concrete plant process and emission control equipment. 



2 -4 

Figure 3 .  TEST POINT MATRIX 



Upon return t o  Radian's Research Tri angl e Park Laboratory, samples were 
gravimetrical l y  analyzed. Front ha1 f r inses were placed in a separatory 
funnel t o  extract the water phase from the trichloroethane phase. Each phase 
was placed in separate tared beakers and allowed to  dry a t  room temperature 
under a hood. After drying, beakers were dessicated for  72 hours before being 
weighed t o  a constant weight. F i l t e r s  were placed in tared, glass weighing 
dishes and dessicated for  72 hours prior t o  weighing. The f inal  dried weights 
of the trichlorethane and water beakers and the f i l t e r  were combined for  the 
par t iculate  matter determination. Raw data from the analysis as well as 
sampling are located in Appendix B. 

A1 1 gravimetric weights were determine on a cal i brated 1 aboratory 
analytical balance by a qua1 i f ied technician. Class S weights were measured 
dai ly  t o  ensure the accuracy of the analytical balance. 
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C O I W I L ~  

RFIDIICIN SOURCE TEST 
E P A  METHOD 2-5 
f. R A W  DAT-  > 

P L f i N T  : OUTER BANKS CONTRACTORS 
P L A N T  S I T E  : PLYMOUTH , NC 
SAMPLING LOCATION : BAGHOUSE OUTLET 
T E S T  # : 01 
D A T E  : 040187 
T E S T  P E R I O D  : 0833-1027 

PARAMETER V A L U E  

S a m p l i n g  t i m e  ( m i n .  
B a r o m e t r i c  Pressure ( in.  H q )  
S a m p l i n g  n o z z l e  d i a m e t e r  ( in .  
M e t e r  V o l u m e  ( c u . f t .  ) 

Meter Pressure ( i n . H 2 O )  
M e t e r  T e m p e r a t u r e  (F) 
S t a c k  d i m e n s i o n  (sq. in.  ) 
S t a c k  S t a t i c  Pressure (in.H20) 
S t a c k  M o i s t u r a  Col l ec tad  ( g m )  
fibsolute stack pressure(in H g )  
A v e r a g e  stack t e m p e r a t u r e  (F) 
P e r c e n t  C O 2  
Percent 02 
Percent  N 2  
D e l p s  Subroutine resu l t  
DGM Factor 
P i t a t  C o n s t a n t  



RfiIDIC1N SOURCE TEST 
E P A  METHODS 2-5 
FINeL RESULTS 

. PLANT : OUTER BANES CONTRACTORS 
PLANT S I T E  : PLYMOUTH , NC 
SAMPLING LOCATION : EfiGHOUSE OUTLET 
TEST # : 0 1  
DATE : 0 4 0 1 8 7  
TEST PERIOD : 0855 -1027  

PCIRCIMETER --------- 
V m ( d s c f  
Vm (dscm) 
Vw gas (scf ) 
Vw gas (scm) 
% moisture 
Md 
MWd 
MW 
V s ( f p m )  
V s  (mpm) 
Flow(acfm) 
Flow (acmm)  
Flow (dscf m)  
Flow (dscmm) 
% I 
% €A 

RESULT ------ 

Program R e v i s i o n :  1 ./ ! ,7..:8a 



R A D I A N  SOURCE TEST 
EF'A METHOD 3 

F ' A k T I C U t A T E  LOAIDING 
YLANT : OUTER BANKS CONTRACTORS 
PLANT S I T E  : PLYMOUTH , NC 
SAMPLING LOCATION : BAGHOUSE OUTLET 
TEST t )  : 01 
DATE : 040187 
TEST P E R I O D  : 0855-1027 

PARAMETER -------- 
T o t a l  G r a m s  
G r a m s / d s c f  
G r a m s / a c f  
G r a i n s / d s c f  
G r a i n s / a c f  
G r a m s / d s c m  
G r a m s / a c m  
Founds/dscf 
P o c t n d s / a c f  
P o u n d s / H r  
t<i 1 o q r a m s / H r  

FRONT-HALF ---------- T R A I N  TOTAL ----- 

* BACK-HALF I M P I N G E R  A N A L Y S I S  WAS NOT REQUIRED 

P r o g r a m  R e v i s i o n :  l / l&i '84 



Rc?K?IAN SOURCE TEST 
EF'e METHOD 2-5 
c R A W  I3FI-l-A 3 

PLANT : OUTER BANKS CONTRACTORS 
PLANT SITE : PLYMOUTH , NC 
SAMPLING LOCATION : BAGHOUSE OUTLET 
TEST # : 02 
DATE : 040187 
TEST PERIOD : 1143-1925 

PARAMETER --------- 

Sampling t ime (min. ) 
Barometric Pressure (in.Hq) 
Sampling nozzle diameter ( i n . )  
Meter Volume ( cu . f t . )  
Meter Pressure ( i n .  H2O) 
Meter Temperature (F) 
Stack dimension (sq. i n .  
Stack S t a t i c  Pressure (in.H2O) 
Stack Mois ture  Col lected (gm) 
Absolute stack pressure( in  Hg) 
Average stack temperature (F) 
Percent CO2 
Percent 02 
Percent N2 
Delps Subroutine r e s u l t  
DGM Factor 
P i t o t  Constant 

VALUE ----- 



F?ClrDI#=lN SOURCE TEST 
EPe METHODS z-5 
FINeL RESULTS 

YLANT : OUTER BANKS CONTRACTORS 
PLANT SITE : PLYMOUTH , NC 
SAMPLING LOCATION : EAGHOUSE OUTLET 
TEST # : 02 
DATE : 040187 
TEST PERIOD : 1145-1325 

PARAMETER --------- 

V m ( d s c f )  
Vm ( d s c r n )  
Vw gas (scf ) 
Vw gas ( s c m )  
% m o i s t ~ t r e  
M d  
MWd 
MW 
V s  ( f  p m )  
Vs (mpm) 
F l o w  (acf  m) 
F l o w  ( a c m m )  
F l o w  (dscf m) 
F l o w ( d s c m m )  
% I 
% EA 

RESULT ------ 

Pr  o q r a m  Rev i  si on : 1 .! i. rs $34 



R A D I # + N  SOURCE TEST 
E P A  METHOD 5 

F'GbRTICULATE L O A D I N G  
PLANT : OUTER BANES CONTRACTORS 
PLANT SITE : PLYMOUTH , NC 
SAMPLING LOCATION : BAGHOUSE OUTLET 
TEST # : 02 
DATE : 040187 
TEST PERIOD : 1145-1325 

PARAMETER -------- 
T o t a l  Grams 
Grams/dscf 
Gramr/acf 
Gra ins /dsc f  
G r a i n s / a c f  
Grams/dscm 
Grams/acm 
Pounds/dscf 
Pounds/acf 
Pounds/Hr 
Ei lograms/Hr 

FRONT-HALF TRAIN TOTAL ---------- ----- 

* BACK-HALF IMPINGER ANALYSIS WAS NOT REQUIRED 

Program Rev is ion :  l/Ib/B4 



R r ? D I F S N  SOURCE TEST 
EPa METHOD T Z - 5  
€ RFSW Dr?Tr? > 

PLANT : OUTER BANKS CONTRACTORS 
. PLANT SITE : PLYMOUTH , NC 
SAMPLING LOCATION : BAGHOUSE OUTLET 
TEST # : 03 
DATE : 040187 
TEST PERIOD : 1425-1553 

PARAMETER --------- 
Sampling t ime (min. ) 
Barometric Pressure (in.Hg) 
Sampling nozzle diameter ( in .  
Meter Volume (cu. f t . 
Meter Pressure (in.H20) 
Meter Temperature (F) 
Stack dimension (sq. i n .  ) 
Stack S t a t i c  Pressure (in.H20) 
Stack Mois ture  Col lected (gin) 
absolute stack p r e s s u r r ( i n  Hq) 
Average stack temperature (F) 
Percent CO2 
Percent 02 
Percent N2 
Delps Subroutine r e s u l t  
DGM Factor 
P i  t o t  Constant 

VALUE ----- 



R A D I A N  SOURCE TEST 
EF'e METHODS Z-5 
FINeL RESULTS 

VLANT : OUTER BANES CONTRACTORS 
PLANT S I T E  : PLYMOUTH , NC 
SOMPLING LOCATION : BAGHOUSE OUTLET 
TEST # : 03 
DATE : 0 4 0 1 8 7  
TEST PERIOD : 1425-1553 

PARAMETER --------- 
Vm (dscf ) 
Vm ( d s c m )  
Vw gas (sc f )  
V w  gas ( s c m )  
% m o i s t u r e  
M d  
MWd 
MW. 
V s  ( f  p m )  
V s  (mpm) 
F l o w ( a c f m )  
F l o w  ( a c m m )  
F l o w  (dscf m )  
F l o w  ( d s c m m )  
% I 
% €A 

RESULT ------ 

P r o g r a m  R e v i s i o n :  I / l b,'84 



R A D I A N  S O U R C E  TEST 
EF'A METHOD 5 

F'@iRTICULATE L O l A D I N G  
PLCSNT : OUTER BANKS CONTRACTORS 
PLANT S I T E  : PLYMOUTH , NC 
SAMPLING LOCATION : EAGHOUSE OUTLET 
TEST # : 03 
DATE : 040187 
TEST PERIOD : 1425-1553 

PARAMETER FRONT-HALF TRAIN TOTAL -------- ---------- ----- 
T o t a l  Grams 
Grams/dscf 
Grams/acf 
Gra ins /dsc f  
G r a i  n s / a c f  
Grams/dscm 
Grams/acm 
Founds/dscf 
Pounds/acf 
Pounds/Hr 
K i  1 oqrams/Hr 

* BACK-HALF IMPINGER ANALYSIS WAS NOT REQUIRED 

Program Revis ion:  1 ./ l h / 8 4  



RADIAN 
CORIOI1TIOl  

RCSDICIN SOURCE TEST 
E METHOD Z-S 
SFIMPLE CFILCULATION 

PLANT : OUTER BANKS CONTRACTORS 
PLANT S I T E  : PLYMOUTH , N C  
SAMPLING L O C A T I O N  : EAGHOUSE OUTLET  
T E S T  # : 01 
DATE : 0 4 0 1 8 7  
T E S T  PERIOD : 0855-1027  

1 )  Volume o f  d r y  g a s  s a m p l e d  a t  s t a n d a r d  c o n d i t i o n s  (68 deg-F ,29.92 in. Hg) .  

2 )  Volume of water vapor  a t  s t a n d a r d  c o n d i t i o n s :  

V w i g a s )  = 0 . 0 4 7 1 5  x 286.22 = 1 3 . 4 9 5  s c f  

3) P e r c e n t  M o i s t u r e  i n  stack gas : 

4) Mole f r a c t i o n  of d r y  s t a c k  gqs : 



RADIAN 
C M C O I I T I O N  

SCIMPLE CFILCULRTION 
PAGE T W O  

5)hverage Molecular Weight of  DRY stack gas : 

MWd = (. 44 >: %C02) + (.32 :.: %U2) + (.28 >: %NZ) 

MWd = (.44 :< 4 ) + (.32 >: 16 ) + (.28 x 80 ) = 29.28 

&)fiverage Molecular Weight o f  wet stack qas : 

MW = MWd x Md + 18(1 - Md) 

MW = 29.28 x ,7184126 + l B ( 1  - .?I04126 ) = 26.01346 

7) Stack gas v e l o c i t y  i n  feet-per-rnlnute (fpm) a t  stack cond i t ions  : 

V s  = KpxCp :< CSQRT (dP)lCave: :i. SQRT CTs -Cavg:.I :< SQRT t l / (PsxMW)l x 60sec/min 

V s  = 85.49 x .84 x 60 x 32.1186 x SBRTC1/( 29.47 X 26.01346 ) I  

V s  = 4998.197 FPM 

8 )  Average stack gas d r y  vo lumetr ic  f low r a t e  (DSCFM) : 

Qsd = 21705.28 dscfm 



SCSMPLE CCILCULaTION 
PClOE THREE 

9) Isokinetic sampling rate ( % )  : 

Dimensional Constant C = b::4 ,: 60 x 144 x E l  / (Pi /4)3 
E4 = .a945 FOR ENGLISH UNITS 

10) Excess air ( % I  : 

1 1 )  Particulate Concentrat ion : 

Cs = ( grams p a r t , )  / V m ( s t d )  = .mi916 / 33.10646 

Ca = 0.0002836 Grams/ ACF 

LBS/HR = Cs x 0.002205 x Qsd >: 60 

- "  Program Revision:lil&.cr 
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APPENBIX B 

FIELD AND ANALYTICAL DATA SHEETS - 







FEU DATA -- 
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bLIr- /rs3 
Mia# YI1.th.t r kf 
wad @cod 1-3 Mnct- 
ar Cdft- d/c(cp 
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1 4 .  Tip Conf iguret%m 

An6n 

W smnt FOR -1C CWUlla EFFICIUEY - SmL IN CWITAXIER H. 

-1- for Frrt lwr h l y a l r :  

-1. h. . Dncr lp t lm 

Final #a. I 

Final I 

Init ieT I 
Ut. gain I 1 / / 

I 

Final 1 1 / / '  
in it la^ I I I 
Ut. @sin I I I / 

Final 1 1 1 
I n i  tirl I 
Ut. gain 

ksu l ts  (Total q.) 



ANALYSIS SHEET 

c l i en t  O * k k  
Plant 
S u p l e  Tm 

Run # 
Date 

Technlclm 
Sheet 

S lr Blank Tare Final 
Sample Vo . Corr. Weight Height 

Run # ID# 
7' 
nl nl (9) (g) Conwnts 

. - Method 5 analysis data sheet. 



RADIAN 
C O m a T I O W  

APPENDIX C 

METHOD 5A PROTOCOL 



R~~APP-&-M rOURClrI(7-146Illl.r) 

Ou Voiuw Meten u C.UbmUon btrad- 1.21 Rok-Lha md R 0 k . W -  
at& mum P*rlWIOII &elow NewWtter. Brumha, Omdutd Crllndrr &or LW. 
x l):l?-ao. mbruw lW8. w. Pwua aoryr coa- .ly 

Funad md Rubkr Po- - m 
Method A &cUom 22.1. 1.1.6, 1.2.6. ul 

-OD SA-DrraYnnnom or Pmnca*zI a.a.7, m w i y ,  
Ewnrzon A m u r  Pnocru1.o-- 2.1.2 W u h  bsUlc O h  
um k r a u r  ~oon# b r ~ o r n r  1.23 &arpie a t o m  ~ o n ~ o r n .  c h r p ~  

1. Agpl(cebllitl W MlrclOlr cJtr ?adam& bomBUat. #I= ).r- 
with ruebw-backd Teflon rrrr a~ h e m  

1.1 lsppMy.ThLmethod.ppltato 0r-Lh.LrnooarrnrcUdmutokm. 
the deu-tton of mu .mtrfonr true and rwlr(.nt to chrmlal sttack bp 
f- -t roof- - - -MI- 1 . 1 . 1 . ~ ~ ~  (TCE). 3oo.ml or 1- 
mton. blowla# SCU. other mmu a (N- mouth g l u  bottla have kQ 
rOIclllrdInUu-- IwndtobeLwpoQItolnLy..) 

1.3 Rhdpk. RNeulrs. nmttm Ir with- 1.24 rn -ohm. ualrr 0 t h ~ .  
drBm---~-rad * t p r c l l k d b y t h e ~ t . -  
collrctrd a a Ilu filter f l k r  mrSnUlMd 1.- OW - . 
u.temperuMof4r*lCC(10C*l6m. 2.3 -m-tb.follorQL 
T h e ~ l a u . w h l c h m u d r u u  m b m  
~ulrlth.teondrnwrUor.bonthefl l -  23.1 ~mw-~lrhrr.- ,  - -- b -- Q.* Aa8iytiai nahnce. mha ,  EYaanmr, . 
 or - T - w . t . W U y I u l o l  w ~ t e r .  5, ketiolv 23.1 to 2.3.4. 2.3.0, ukd 2.1.7, rn 
a. Apoercrtw 8PaCtlwt.  
xi -m-rs .m-  U r m 0 4 ~ w . ~ a . -  

t& - h aa.3 aemww - - A  - -  -L i w m l  or - 
~ L l o r Y I U l o d I . T b . m m m . -  a- - _-*. * _ - . . 
condrU or the fouodaa comooamt.: a. ltrrernPr . - 

21.1 Rok H e ,  PltoC n b e .  D U f m -  3.1 Th. rwgen~ wgd r, 
tu- oum. =- =-. - plla(l u follorr 
e r . 1 y l t . r l n ( O m t = . ~ - - d ~  a i l .  m ~ ~ ~ ~ a n d ~ ~  - 

-t mu u &dp; y.thod I. t w i a ~ ~  a.i.i.a.1.a. w 
Mathod I. &ctlom 21.1, 21.8 Co 2.14. mad a.1.C 
1.1.7 to 2.1.10. -w. a.1.2 sro#oa onrw. ~ c c l r v o l u ~ r  

1.1.1 Rok IJaor. &IM u Method A h a - s t a m  pww (U madnd). T U  Ir m 
Sacrion 2.l.L r l tb  the now tm Nlh Marvf U lQII.0 ceamema wab 
r t r t p r t e m D H . t l p I ( m t h . a W C  T e I b n ~ a ~ , u r c u r &  
(4WIQ), wuer-cedd pmbr my k rr 3.a &mule mcovem. Fbumt ma 
~uind to 0 0 1 1 ~ ~ 4  tln pok e.lt traPDm- i . i . i . ~  ( m i .  ~0.001 prroa 
ture to 42'*10T (lQI*ltJQ. n d d w r a d d o n d I n g l u b o W r b m  

21.3 Pmo- Clclorw. - q u l r r d R u D T C 1 b k n l u W b r t o ~ t r  
g h a  foUowia~ tln coarSnrtioa detail8 . a d w ~ T C E r i t h l w b W r r l o l  
rhom br AIr Ewutloa Technlal Docu- (00.001p.rornt~.Thetut8rrh.L1Loaocu 
ment0b)l."CoaSIPeLLoaDehibofI#Okb r u b t r r L r b I m k r r l u e o f ~ t h . a @ ~  
etk 8 0 ~ I h u  mulDMnt". prrarrrtdt4errWItolTCEwdfrmtb, 

N a n : T h . t r t a r b l l W t h O w C l o a e  -- 
w h e n t b e ~ g u ~ L g m a t 8 r t h M  3.3 ~ r v l f r l r h - ~ ~ m  
1o#r#aLTh.trLarhrllnotur,thepsr- f ~ t h e ~  
collrdor etebar undo? other* Irr w*.rr 33.1 = - s.2 
condltbm. 3.1.2 DWXIWIL ~kmb u x.th~d a b 

1.1.4 mta h..ttnl rton a'a" 
tornnlt .u)~ambhOImcrhf . tnlnla  4. -* 
mmpk~LI .p#nCur ,a t therr t i tendor  4.1 aamllmaR.b-T&co 
t l ~  fllW8 ba#rr durlry U p k x l t ~ O f t h b a v t h o d b n r h w f n ~  
4 r t i ~ c ( i 0 ~ ~ i r n . ~ a ~ u 1 1  t o o # . t n m a b h ~ t r t u t o r 8 ~ ~  
l u y , ~ o i ~ t . m ~ ~ f O  ~ U d e . D l t k D c . d ~ t b y . L I I O ( I I W  
rlthta 3% (6.4.m C h  d t  rad 0f th. DmordWU. 
f l l t r r b o W r o w ~ ~ k ~ u t c m # r -  4.1.1 Retut Prrgurtlon v-- 
uurr caa be mulatad .ad moaltand rlw rprdlkd lnJaWn -d allbrur J 
d u r l n r - T h t r t . r W W r F  ~ U . a a o r d h u t o L h . p r o a r d P n ~  
tamr other thrn the OM &om Lo APID- scribed b AIr ?oJluth TIchatal ka 
0561. mentO)IC "y.inm. WbrrLtsP ad 

2.2 aunDlezkcann. The cquiumemt rr- ODenCtm of - - 
quired for sample mawev LI u follorr EauIpwnt". 



~ D r o k U n e n u r d r m ~ n a d r  
y & fW UI. Tl!orOwhlv c1ma mch 
~ t w i ~ ~ a n d r r U r f o U o r v d b ~  
e m  of TCB rlmr Om tho 

p ~ m d n a r k k w h r d u r l r U a t ~ . u t ~ ~  
,f cRa TCE r(awr (nfW to &cUoo 4.3 for 

~.C~~MUIJ.  cae or #rl the op.n 
e ~ o f W I # o k ~ n m d a o e k r r o ~  
,at con- durtn8 rhlDpLU. 
flroM dlla nl POrrrOnr .nd a k r  futon 

M XOthob 8. 4.1.1. 
4.1.2 I-1- DltrRnbublm &l.cL 

rbr ~ v W  dtr. prok 1140. UJd prok 
l d  U r#dikd La Method I.8actlon 

nontrrfthTCLmd~lrdnrthorublna 
a l u  conwnrr. Cmtullv meuum tho tow 
uwunt  of T C E d  Ln tkrlau. krlorm 
t h . T c E r l n w r u ~ k d l n M I t h o d $ .  
keUon 4.1, "Conrdmr No. 2." urLrU TCE 
Lar(nd ot m e .  

B n l 8 h . n d ~ t h o L n d g r o t t h e c ~ o n r .  
C~OIho coUreUon ilul, rad the h o t  half 
ot tho mt8r holder. 8- .nd rkvr each 
nvlum three timen or mom. U -. to 
tamOV8 a b l e  -u. 

4.2.3 Cont.Lnrr No. 3 (Wlm 081). &mo 
procrdurr u In Method 5, -lorn 4.2 "Con- 
wnor no. s.** 

4.1.L 4.3.4 Iawhgor Wuar. Tmc tho lm- 
ml@Ct'--p---- piMnufoUorr1Y.Lu.noWionoirzU 

O r @ t o r h . ~ u m t o t . l w m p ~  colororlfLnbtbell~uldatch.~ortho 
--*InthotwL-- lun*VmadureULa-~$.ko(lolr4.2 tbe rDPllabk ruWIoa m- the "-w-/. fib- ''- tn llr- '* kcLba 4.2.8 B m  k*. a portloa of the TCE 
~ 1 . L t ~ ~ - - * - ~ ~ -  " " d t o r ~ * u r b l u l l . R l u 1 0 0 m l o t  el. volume oouoctd 

4.1.3 Remmtksr of couoctloa 'tkta. - - - - - - 
R r p n t h , @ o l k c ( l o n t m " m . d &  k l n l - - D - i t b . J u - p k  

6, &cttaa 4.1.3, with the addition oi yysIrd=thr-& 

4.1.8 R r U e u k U ~ O # n t l o n . O # t -  ~ ~ ~ ~ ~ ~ L h .  
U. y wkb b '*!ha welsllt" to the m 0.1 mg Y the 
~atbod  I, 6&km 4.1.S. exco~C mUaWn tho a- of th.w WUr 

trmprnrtun niw th. ata .t 4.3.2 coautaa NO. a t h o k  to mt.r 
t r k i r c  ciwtim. a o l d a ) . k i o c * ~ ~ r t a r ~ c o a  

4.1.I C.M.tb0 of ImWbetk ~ % 1 t o ~ ~ O . $ ~ C b r  
~ u & ~ ~ s . k r r + l m c 1 . a  I m l o i ~ t a L b , m r W a r r r r d ~  

4.2 l l a s r r t w .  l m a g - t m ~ ~ w ~ .  O a t h . ~ r n ~ Q C l l O I ~ .  
d u r r ~ ~ ~ b y . f h o d ~ ,  rp -~ tnarOor t I fnoCiowbk 
SIctlolr4.a.QpVrU~ncrmtrry#r- lrhrrggEpmddtlYlrddthenmDloor 
~ O . t L . r ~ t h e ~ c 0 ~ ~  t a R a ~ ~ t o r & ~ o f t l n  
t ~ t l o m r c d ~ t o r & ~ ~  AdmtnWllta.,Coeom8ttlmIldrrultr 
a d u m u r r r a o w n  l v r w r r t b 8 ~ ~ ~ a o r r ~ n a r l ~  

1.a.1 ~ o n t . ~ a    la 1 t m t a ) .  ~ U W  D. rohmsr~rh l l~~ , ~ o  tl arl ~t o.- 
rvucUorv u mehd I8mim 4.t "coo- ~ m * O . s ~ . c h m k U m U ~ L ~ ~  
W N a l . " U I t L n u r t o f o I d t h .  d.bkqwatntoioaabardwumRlwnt 
IPta. do- uth that tho film of dl b btheTCZrbrrtlookfor8baPnbrtlya 
w t h r t d b  o r p h v r ~ ) . U t h e ~ ~ ~ f ~  

4.a.a CaeWna no. 3 (Robe to Mta d.awdrnLaurYI lvpr thrn 'd .~  
H o l Q ) . ~ m t o r r r c h B t ~ o a  nrt. the oa-TCI hrctlorr - the water 
tbromwIdr&pokaoLbao.trrbr  l k c t k o u d 8 g a ~ ~ v r r l r r  
w h c r d a r I I P ( ~ W O t h o ~ . ~ ~ ~ ~ ~ -  t h o * o T \ u D . o f ~ ~ D b Y I 1 ~ 1 y v .  
~ l ~ v r r a n r r ~ a l u t 4 r o r w  a a m l ; d l r L t h e r t r l r n r l w m l l e 0 6  
-LroOlwprokm,paoknt- t r n ~ u r u - t n ~ i ~ ~ ~ ~ a ~ . n d e . a  
Unr.~rokLtna~pneoIWtorqclowaad N o x L o . t r r o C t h r r r t a v h v r r l t b ~  
~ ~ r f h f k t u ~ ) . m d ~ h d f ~  l bmlWr t ioaro imuntn .b t r lnv l~  
rhar11tarholdrrbt rvh i rya-p+  r ~ l a p t h o ~ ~ ~ d o r n a r - ~ d a ~  
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ttoMl org8nk mUlrkl. mworrte the re- 
~ n t 8 r ~ t o d r r n c r U W C  
t 2OO'P). for 24 houri .ab rellh to 
the nevart 0.1 rm. 

Treat the LoUl TCE f r r t l o a  tlndudlrU 
TCZ from a e  mkr  contakwr rhw .nd 
water phue e x m o t m )  u follows Truw 
fertheTCS.adOUtoatu+dkakerud 
evaporite u unblrnt mwentum and p- 
run. The wwomtion ol TCE from the 8 e  
lutlon w take rrvrrrl dam. Do not dcrlc- 
ate the umpk untll the mlution -ha 
bn rppvmt csndurt volumr or untll the 
odor of TCE L aot det.ct.d. When it .p. 
#.n that the TCE h u  rvrgorUed. dwic- 
ate the umplr d rellh It at 24-hour ia- 
tcr*.t to obt.lll a "CO-t rellht" tu do- 
flMd for Coatrl#t No. I .ban). Th. "total 
rel(hC" for ConWam No. 2 la the sum of 
the rw~onced rehht  of the 
+ M U  Y* .ou-- n4on 
the nnrltrto t & 8 ~ 0 . 1  m#. 

4.3.3 c0ntrh.r NO. a t l ~ l a  m). 
rum my k ooaductd In the field. WWh 
the matt dlla gal tor s i l k  lrl plum ImW- 
er) to the muat 0.8 I uda8 a b e l n ~ ~ ~  

4.3.4 "TCE B I u w  c0nallmr. Meuum 
TCE In thb CO(IUI~W elther trolmwWicaU 
or gmvhemam. mudm the TCE to a 
t a m d ~ a u k r t a u J d ~ r 8 t 8 t o d r 7 -  

at ambIenc Lanp.trtun rad Dmmum. 
0.rbat. fw 24 boun rad wd#h to a con- 
r U n t n l l h L ~ t h e ~ t r t o t h e w u -  
at 0.1 M. 

NorrInosbrtofuPlt .kthe.rrgorr-  
~ 0 f ~ ~ u l d a E l E l ~ t b w t r m p k r  

k drld In a co~trollod trmmmtum 
wm at t4m@emtunr up to WC (loom 
uDUrtheldquldLmp0~ 
s. - 

~ t k ~ t n i L I ~ U  
~ t o t l w ~ w c t l o l u o l  
Mothod 6: Probr N w  (8.1). OltoS Tub &- 
ramW (5.1). Metarbg 8mbm (8.8). Rok 
Hafa (8.4). (8.8). 
L e a  Crust d xotaias maem (8.8). Md 
BMllvta (8.1). 
8. Cdcrlrtlonr 

c,-TCI bkd nr#w em mS/G 
M , - Y U o l ~ d T C I ~ ~  
-4 

V , = V a  d nta O O U W  h 
tar, mL 

v , = V d ~ u d T C I M . a t  nrl 
V"lVduu0r ' lCEuwdi ruhml .  
W , = W r b h t d e b T C I C N h . m  
P,-DavSrt or TCI tam kkl on 

bottle). 
6.2 r n O u ~ ~ U N m d O r l -  

r k e P n r u r , D m p V ~ t h r d . u 0 # . 1 # d  
I n w t r C ~ m a ~ ~ p r  
m e t . r ~ ~ a r a y ~ ~ o r l l l a p o  
sue drop tm Plawa of Method 8). 

8.3 Dm Ou Volua~. u8h# the d.t8 
thlr trrt. alcukU V d d  by urhu EqUItb. 
8-1 of ~ e t h o d  8. I! n-. rdlurt thr 
volume for 1- 

8.4 Volume of Water V w r .  
v.w-K,tv,+ v,, 

Ea. SA-1 
Where: 
Kt-0.00133 ma/ml for metric unltr. 

-o.ww~ n '/ml for m u a h  unltr. 
B.,-V.w/V.w+Vlu 

Ea. 5A-a 
Norr In astumtrd or rater droplet-lulg 

g u  rumma, two uiculUl01y of the m o b  
t ~ C O A t . r r t o f t h r ~ ( u 8 h . l l k m r b .  
one - the lmpln8er .ad vncoll.na 
.n;rlldr (EqurSlonr 8A-1 5A-2) md a 
wcoad lrorn thr wrmotloa of lrt- 
coadltiolwTlaelowerofthetronhuol 
mobtun cootrat rh.U k conrlcknd car. 
rice. The vmadwa for d.-mmM tbr 
mobtun conuat b u d .  upoa MmmDUoa o( 
8 U ~ ~ U o r v ~ r t ~ I n t h r ~ a  
&cuaal.2oiY.thodCrPrth.purparo( 
U l l r w t h o d t h o a ~ r t r l t P I ~  
t u r r t r o m ~ l m y b e u w d t o n u b  
t h l r ~ D l o t M 8 d U u t t k ~  
rrtoftheIn.brt-wnrorb 
atm t 1.c t m. 

8.8 TCE Bh& -t?WO!i. 

G - , W . b #  
mu4 

whem 
t-0.001 #/m8. 

8.10 bokiawc VIZk(bD rad Accmtsm 
Rrultry.tbod&IM(nruLlluldLU 
mmectww. 
7. v 
Tk for R.irnoa MUM 

8 A b t b o 8 n m u f a U ~ 8 , ~ ~ .  
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- Nozzle calibration sheet. 

D.C. ( D m ) :  Jr / /  /' 
f a i c i . 1 ~  o t  Calibrator: + 

i 
rsverr~e 
Diurcet  
(inches 

. ,Pc7 j 
i 

I 

I 

i 

1 ~ b s i l a  
~ d a n c i f i ~ c i o ~  

I 

QI 
(inchas) 

I 

I 
I 

I 
I 

I 
I 

I 

I y' I .'*/ I 
I 
I 
I 
I 
I 

Da I 
(laches) 

, ) gc 

0) 
( inchas 

I 

I 

, 

i I I I ! 

a c e :  The u x k u  accepc~ble differmcr beweon any cvo o e ~ s u r u a c r  is 
0.004 inches. If chir colerurce cbnrroc be u c ,  the wraAa rhould aoc 
be urd .  

\ -- 






