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SUMMARY 

A gas sample i s  extracted from the  s tack  ei'ther a t  a ccz- 

s t a n t  r a t e  using a continuous sampling t r a i n  o r  a t  a rate ~ r o _ = c r -  

t i o n a l  t o  the s tack  veloci ty  using an in tegra ted  s m p l i n g  trzt?. 

The concentration of carbon monoxide ( C O )  from both samplizg 
methods i s  determined by a Luft-type nondispersive i n f r z e d  

I (NDIR)  analyzer o r  equivalent analyzer. The method is a p p l i c e l e  
'. t o  s ta t ionary  sources when spec i f ied  by a compliznce proce6ce 
' and/or when t h e  CO concentration i s  > 2 0  p a r t s  per m i l l i o n  (~2:s) 

for a 0-to-1000-ppm t e s t i n g  range. With t h i s  method, i n t f r -  
ferences can r e s u l t  from substances with s t rong inf rz red  ~ 3 -  

sorpt ion energies.  Interference r a t i o s  i n  t h e  1500-to-3000-~~m 
t e s t i n g  range are 7 ppm CO p e r  3.S% for water (H20) and 1 0  ppri CO 
per  10% for  carbon dioxide (C02). .- In  t h e  0-to-100-ppm r a s e ,  
they can be as high as 25  ppm CO per  3.5% H20 and 50 ppm CO 2 2 ~  
10% C02.  Major interferences can be avoided by using s i l i c a  cel 
and ascar i te  t r a p s  t o  remove H20 and CO,, respect ively;  if t r 2 . p ~  
are used, the gas sample volumes must be adjusted. The hetkca 
descr ipt ion given herein is based on the Reference Method promul- 
gated March 8 ,  1974 (Section 3.8.10)  and on col laborat ive tesz- 
i ng . l  Blank forms f o r  recording da ta  a r e  provided i n  the  Metha 
Highlights and i n  Section 3.8.12 f o r  t h e  convenience of Bandbook 

u s e r s .  

- 
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METHOD HIGHLIGHTS 

Section 3.8 describes specifications for determination of 
carbon monoxide (CO) from stationary sources. A gas sample is 
extracted from the stack using a continuous or integrated sam- 
pling train and analyzed using a Luft-type nondispersive infrared 
( N D I R )  analyzer or the equivalent. Interferences include any 
substance having a strong absorption of infrared energy. Major 
interference problems caused by water ( € 1 ~ 0 )  and carbon dioxide 
( C 0 2 )  are removed using silica gel and ascarite traps, respec- 
tively. 

Continuous sampling is performed by connecting the NDIR to 
t h e  continuous sampling train and conducting the analysis. In- 
tegrated sampling is performed by withdrawing a sample at a rate 
proportional to stack gas velocity, into a Tedlar, or equivalent 
evacuated bag. COz content, for each sampling method can be 
determined using the Method 3 integrated sampling procedure or by 
weighing t h e  ascarite C02 removal trap and computing C02 con- 
centration from the gas volume sampled and the weight gain of the 
trap. Results of collaborative testslf2 of Method 10 revealed 
several problems which, if eliminated, may result in improved 
precision and accuracy. Reference gases were cited as an area 
where improved quality con t ro l  is needed. A need f o r  f u r t h e r  
training of NDIR operators was also cited as another area that 
needed improvement. 

The blank data forms at the end of the highlights section 
may be removed from the Handbook and used in t h e  pretest, t e s t ,  

and posttest operations. Each form has a subtitle (e-g., Method 
10, Figure 5.1) to assist the user in finding a similar filled-in 
form in the Method Description (e.g., in Section 3.8.5). On t h e  
blank and filled-in forms, the item/parameters that can cause the 
most significant errors are indicated with an asterisk. 
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1. Procurement o f  Equipment 

Sect ion 3.8.1 (Procurement of Apparatus and Suppl ies)  gives  
the s p e c i f i c a t i o n s ,  c r i t e r i a ,  and design f e a t u r e s  f o r  equipment 
and. materials requi red  f o r  performing Method 1 0  tests. This 
s e c t i o n  i s  designed t o  s e n e  as a guide i n  the procurement and 
i n i t i a l  check of equipment and suppl ies .  The a c t i v i t y  matr ix  
( T a b l e  1.1) a t  the end of Sect ion 3.8.1 can be used as a quick 
reference;  it fol lows t h e  same order  as t h e  w r i t t e n  desc r ip t ion  
i n  the main t e x t .  
2 .  Pretest Prepara t ions  

Section 3.8.2 (Ca l ib ra t ion  of Apparatus) provides  a step-by- 
step desc r ip t ion  of the required c a l i b r a t i o n  procedures.  De- 
t a i l e d  methods and procedures are described f o r  cal ibrat ing the 
NDIR. The c a l i b r a t i o n  s e c t i o n  can be removed and compiled, along 
w i t h  c a l i b r a t i o n  sec t ions  from a l l  o the r  methods, i n t o  a separa te  
q u a l i t y  assurance reference manual f o r  use by c a l i b r a t i o n  person- 
ne l .  A pretest  checklist (Figure 3.1) o r  similar form should be 
used t o  summarize the  c a l i b r a t i o n  data. 

Sect ion 3.8.3 (Presampling Operat ions)  provides  the tester 
w i t h  a guide f o r  supp l i e s  and equipment prepara t ion  f o r  f i e l d  
tes ts .  The p r e t e s t  p repara t ion  form (Figure 3.2) can be used as 
an equipment checkout and packing l i s t .  The method f o r  packing 
and t h e  recommended packing conta iners  should help p r o t e c t  t h e  
equipment, b u t  are n o t  required.  
3 .  On-Site Measurements 

Sect ion 3.8.4 (On-Site Measurements) contains  step-by-step 
procedures f o r  sampling using the  continuous and in t eg ra t ed  
methods. The procedure f o r  continuous sampling includes perform- 
ing  the ana lys i s  on-s i te  a t  the t i m e  of sample c o l l e c t i o n ;  there- 
fo re ,  procedures f o r  analyzing the continuous sample are included 
in t h i s  s ec t ion .  The on - s i t e  measurement checklist  ( F i g u r e  4 .4)  

i s  provided t o  a s s i s t  the tester with a quick method of checking 
requirements.  
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4. Posttest Operations 

Section 3.8.5 (Postsampling Operations ) gives the posttest 
equipment check procedures and a step-by-step analytical proce- 
dure for integrated samples. Figure 5.1 or a similar form Should 
be used to summarize the posttest calibration checks and should 
be included in the emission test report. 

Section 3.8.6 (Calculations) provides t h e  tester with the 
required equations, nomenclature, and suggested number of signif- 
icant digits. It is suggested that, if available, a programmable 
calculator be used to reduce chance of calculation error. 

Section 3.8.7 (Maintenance) supplies the tester with a guide 
for a routine maintenance program. The program is not a require- 
ment, but is suggested for reducing equipment malfunctions. 
5 .  Auditing Procedure 

Section 3.8.8 (Auditing Procedure) provides a description of 
necessary activities for conducting performance and system au- 
dits. The performance audits include an audit of the analytical 
phase and an audit of data processing. A system audit consists 
of an on-site qualitative evaluation of the test team perfonn- 
ance.. The performance and system audits provide an independent 
assessment of data quality. 

Section 3.8.9 (Recommended Standards for Establishing Trace- 
ability) recommends the primary standards to which the sample 
collection and analysis should be traceable. 
6 .  References 

i 

Section 3.8.10 (Reference Method) contains a copy of the EPA 

Reference Method. 
Section 3.8.11 (References) provides the reader with a list 

of all the references used in the compilation of this section of 
the Handbook along with additional sources. 
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PRETEST SAMPLING CHECKS 
(Method 1 0 ,  Figure 3.1) 

Date Completed by 

P i t o t  T u b e  

I d e n t i f i c a t i o n  number Date 

Dimensional s p e c i f i c a t i o n s  checked?* Yes no 

Cal ibra t ion  required? Y e s  no 

Date 
cP 

Rotameter 

I d e n t i f i c a t i o n  number 

Cal ibra t ion  required?* Yes 

Barometer 

Cal ibrated? * 

no 

no 

*Most s i g n i f i c a n t  items/parameters t o  be checked. 
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PWTEST PREPARATIONS 
(Method 1 0 ,  Figure 3 . 2 )  

I 

, Acceptable 
Apparatus check Yes J N o  
Probe 

Pyrex g lass  
S ta in l e s s  s t e e l  

F i l t e r  I I 
P i t o t  tube 

Type 
Length 
Calibrated* 
Di f f e ren t i a l  
pressure gauge 

Air-cooled con- 

Clean 
Leak checked* 

denser 

- 
Needle valve and 

Clean 

rotameter 

C a1 ibr ated* 
I I 

I Barometer 

Type 
Calibrated* 

Type 
Leak checked 

Flexible  bag 

Type 
Leak checked* 

Quantity 
required 

Re 
Yes 

dy 
No - 

Loaded 
and packed 

*Most s i g n i f i c a n t  items/parameters t o  be cheeked. 
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ON-SITE IUZASUREMENTS CHECKLIST 
(Method 10, Figure 4.4) 

Continuous Samplinq 

Leak check prior to sampling (optional) 
NDIR analyzer allowed to warm up (1 h minimum)* 
Multipoint calibration curve constructed* 
Sampling port plugged 
Sampling f l o w  rate properly set (manufacturer's recommended and 

Sampling system properly purged* 
Posttest leak check (mandatory)* 
All data properly recorded* 
C02 concentration determined* 

- (1 a/min)* 

I n te gr a ted S amp 1 inq 

Shpling rate selected for integrated sampling 
Leak check prior to sampling (optional) 
Sampling port plugged 
Sampling train purged (5 times system volume or 10 min)* 
Flexible bag properly sealed and labeled* 
Posttest leak check (mandatory)* 
All data properly recorded* 
COz concentration determined* 

*Most significant item/parameters to be checked. 



. .  

NDIR 

P o s t t e s t  
P o s t t e s t  

- 

Sect ion N o .  3.8 
Revision N o .  8 
Date January 4, 1982 
Page 7 of 7 

POSTTEST SAMPLING CHECKS 
(Method 1 0 ,  Figure 5 . 1 )  

zero check ad jus ted  value 
span check* within &lo% of p r e t e s t  c a l i b r a t i o n  

Reca l ibra t ion  required? Y e s  no 
I f  yes ,  void a l l  d a t a  back t o  the l a s t  c a l i b r a t i o n  check t h a t  
was wi th in  t h e  &lo% l i m i t  

Rotameter 

Pretest  c a l i b r a t i o n  f a c t o r ,  Y, within *5% 

P o s t t e s t  check,* Yr wi th in  *lo% of p r e t e s t  

(Yr not  used €or 

Rotameter cleaned? no 

Analysis ( In t eg ra t ed  Samples) 

Ca l ib ra t ion  gases  t r a c e a b l e  t o  NBS standard gas* 
NDIR allowed t o  w a r m  up (1. h minimum)* 
Mult ipoint  c a l i b r a t i o n  curve constructed* 
Sampling l i n e s  and analyzer  proper ly  purged (5 times system 

Three successive readings made from each bag 
Highest and lowest values  d i f f e r  by 55% 

volume -or 1 0  min)* 

*Most s i g n i f i c a n t  items/parameters t o  be checked. 
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES 

Carbon monoxide ( C O )  sampling t r a i n s  used t o  obtain i n t e -  
grated and continuous gas samples a r e  shown i n  Figures 1.1 and 
1.2, respect ively.  Table 1.1 a t  t he  end of t h i s  sec t ion  sununa- 
rizes t h e  qua l i t y  assurance a c t i v i t i e s  f o r  procurement and ac- 
ceptance of apparatus and suppl ies .  

Spec i f ica t ions ,  c r i t e r i a ,  and/or design fea tures  as  applica- 
b l e  a r e  given i n  this sec t ion  t o  a id  i n  t h e  se l ec t ion  of  equip- 
ment t o  ensure the  co l l ec t ion  of good quality data.  Procedures 

and l i m i t s  f o r  acceptance checks, where applicable,  a r e  given. 
During t h e  procurement of equipment and suppl ies ,  it is 

suggested =that a procurement log (Figure 1.3) be used t o  record 
t h e  descr ip t ive  t i t l e  of t he  equipment; t he  i d e n t i f i c a t i o n  num- 
be r ,  if applicable;  and the  r e s u l t s  o f  t he  acceptance checks. 
Also, i f  c a l i b r a t i o n  is  required as p a r t  of the  acceptance check, 
t h e  da ta  a r e  t o  be recorded i n  t h e  c a l i b r a t i o n  log book. 

1.1 Sannplinq 

1.1.1 Sampling Probe - The sampling probe should cons i s t  o f  a 
316 seamless s t a i n l e s s  s t e e l  tube o r  a sheathed bo ros i l i ca t c  
(Pyrex) g l a s s  tube with an i n s i d e  diameter ( I D )  of approximately 
6 mm ( 0 . 2 4  i n . ) ;  and e-quipped wi th  an in-stack o r  out-stack 
p a r t i c u l a t e  f i l t e r .  When an in-stack f i l t e r  is used, the  probe 
should have an expanded I D  of  38 t o  40 mm (1 .5  t o  1 . 6  i n .  ) f o r  
t he  f i r s t  40 nun ( 1 . 6  i n . )  of the  probe i n l e t .  The expanded 
sec t ion  should be packed w i t h  g l a s s  wool p r i o r  t o  sampling. The 

probe o u t l e t  must have a f i t t i n g  s u i t a b l e  f o r  attachment t o  an 
air-cooled condenser i n l e t .  A probe approximately 1.1 m ( 4  ft) 
long i s  usual ly  s u f f i c i e n t ;  t he  exact length can be determined 
a f t e r  a sampling s i t e  inspection. If the  s tack  mus t  be t raversed 

t o  obtain an in tegra ted  sample, the probe length should be chosen 
accordingly. /- 
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F i F r e  1.1. Sampling t r a i n  for in tegra ted  analysis. 

FICLTER 

AIR-CWLED CWEIISER 

\ f 7  
TO ANALYZER 
L 

RIGID AIRTIGHT 
CONTAINER 

Figure-1.2. Sampling train f o r  continuous analysis. , . p  
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The main criterion in selecting the probe material is that 
it be nonreactive with the gas constituents so that it will not 
introduce bias into the analysis. 

Upon receiving a new probe, visually check it for adherence 
to specifications (i.e., the length and composition ordered). 
Check for breaks, cracks, and leaks. Leak check the probe; 
connect it to a pump inlet, p lug  other end, and pull a 380 mm (15 
in.) Hg vacuun. Leakage rates >0.00057 m3/min (0.02 ft3/min) 
measured by the dry gas meter are unacceptable. Any probe not 
satisfying the checks should be repaired if possible or returned 
to the supplier. 

1.1.2 Air-Coded Condenser - The condenser facilitates the 
condensation of water from the gas being sampled. The coiled 
tubes (Figures 1.1 and 1.2) allow the entering gas to cool to 
near ambient temperature; lower temperatures can be obtained by 
using a circulating water cooler or an ice bath. 

The reservoir collects and holds the condensed water until 
it is drained between sampling runs by a valve. The capacity of 
the reservoir must be sufficient to collect all condensed mois- 
ture from the gas during system purging and sampling, but it 
should not be unnecessarily oversized because the added size 
would increase the bulk of the sampling train and lengthen purg- 
ing time. For example, a sampling train of 1-2 volume (including 
the condenser) should hold the condensate from about 100 2 of gas 
(90-2 sample plus 5-2 displacements of the sampling t r a i n  volume 
plus 5-1 margin). With 20% water concentration in the stack 
gases, the 100-2 sample would contain 20 2 of water vapor; when 
condensed, the 20 2 of vapor would correspond to about 20 ml of 
water; therefore, a condenser volume of 0.25 2 would allow an 
adequate operating margin. The amount of water that would be 
collected can be estimated either from knowledge of the process 
or by determining the moisture content (Method 3 )  and sample 
volume. 
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Check the  condenser v i s u a l l y  f o r  damage, breaks,  cracks, and 
manufacturing f laws.  The condenser should be leak  f r e e  a t  a 
d r a f t  gauge p o s i t i v e  pressure  of 25  mm (1 in .  H20) and a t  a 
vacuum gauge reading of 380 mm (15 i n . )  Hg. I f  the  condenser i s  
defective, r e p a i r  it o r  r e t u r n  it t o  the supp l i e r .  
1 .1 .3  Needle Valve - A s t a i n l e s s  s t e e l  needle  valve w i t h  appro- 
p r i a t e  f i t t i n g s  t o  make it leak  f r e e  is  recommended t o  r egu la t e  
the flow i n  the  sampling t r a i n .  I n s t a l l  t h e  valve and check f o r  
proper  operat ion.  If the va lve  is defective o r  i f  it cannot 

r egu la t e  t h e  sample flow over the 0-to-1 A/min (0-to-0.035 
ft  /min) range, r e p a i r  it o r  r e t u r n  it t o  t h e  supp l i e r .  
1 .1 .4  Vacuum P u m ~  - The vacuum pump should be capable of  main- 

Hg. A leak-free diaphragm pump ( o r  t h e  equiva len t )  must be used 
because of i nhe ren t ly  l o w  contamination p o s s i b i l i t i e s  w i t h  t h i s  

A new pump should be v i s u a l l y  checked f o r  damage, l eaks ,  and 
capac i ty  upon r e c e i p t .  To leak check the pump, i n s t a l l  a vacuum 
gauge i n  the pump i n l e t  l i n e ;  p lug  t h e  i n l e t  l i n e ,  and run the 
pump u n t i l  the vacuum gauge reads 380 mm (15 i n . )  Hg; then c l o s e  
t h e  pump o u t l e t  Pine,  and t u r n  the pump off. The vacuum gauge 
should remain stable f o r  30 s. I f  de fec t ive ,  r e t u r n  it t o  t h e  
supp 1 i er  . 
1.1 .5  R a t e  Meter - The r a t e  meter i s  a rotameter  ( o r  equiva len t )  
used t o  measure the sample gas flow rate in the range of 0 - 1 
2/min (0-to-0.035 ft  /min). Inspec t  t h e  rotameter  for cracks ,  
f laws, and e r r a t i c  behavior ,  and check c a l i b r a t i o n  as described 
i n  Sect ion 3 . 8 . 2 .  Return it t o  the  s u p p l i e r  i f  it i s  damaged o r  
cannot be adjus ted  t o  wi th in  k5% of the standard rate meter. 
Clean and r e c a l i b r a t e  if d u s t  and/or l i q u i d  contamination is  
suspected.  
1 . 1 . 6  F l ex ib l e  Bag - The f l e x i b l e  bag used t o  ob ta in  t h e  i n t e -  
grated gas sample should be leak f r e e  and made of Tedlar  ( o r  an 

3 

t a i n i n g  a flow r a t e  of 1 &/min (0 .035  f t  3 /min) a t  380 mm (15 i n . )  

type of  pump. 

3 

equiva len t  m a t e r i a l )  w i t h  a capac i ty  of 60-to-90 2 ( 2  t o  3 f t  3 ) .  
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Upon r e c e i p t  of a new bag, check f o r  damage, c o r r e c t  f i t -  
t i n g s ,  and capaci ty .  Before using,  l eak  check i n  the laboratory 
by evacuat ing t h e  bag with a leakless pump. When evacuation i s  
complete, t h e r e  should be no flow through the dry gas  meter. In  
leak t e s t i n g  by evacuation, it is  d i f f i c u l t  t o  a s c e r t a i n  whether 
the e n t i r e  bag has been tested.  I f  one w a l l  of  the bag presses  
aga ins t  another  s ec t ion  and eventual ly  c u t s  o f f  t h e  flow, t he  
absence of flow does no t  guarantee ' t h a t  a l l  s ec t ions  o f  the  bag 
are leak  free. Therefore,  an a l t e r n a t i v e  and p re fe r r ed  t es t  is  
t o  p re s su r i ze  t h e  bag with a i r  t o  approximately 51 mm ( 2  i n . )  H20 
above atmospheric pressure  and t o  monitor t h e  pressure  with a 
d r a f t  gauge over a per iod of  time. Loss of pressure  over a 24-h 
per iod should be considered an excessive leak ,  and the bag should 
be r epa i r ed  o r  replaced.  
1 . 1 . 7  P i t o t  Tube - The p i t o t  tube should be a Type S ( o r  equiv- 
a l e n t )  as descr ibed i n  Sect ion 3 .1  o f  t h i s  Handbook. .The p i t o t  
tube i s  t o  be used when the  sampling r a t e  i s  regulated propor- 
t i o n a l l y  t o  the s t ack  gas v e l o c i t y  ( i n t e g r a t e d  sample),  when the 
v e l o c i t y  is  varying over t ime,  o r  when a v e l o c i t y  t r a v e r s e  (flow 
r a t e  determinat ion)  i s  conducted. 
1.1.8 Wet Test Meter - The w e t  t e s t  meter i s  used t o  check the 
c a l i b r a t i o n  of the rotameter .  The w e t  test  meter should be 
capable of  measuring a volume of 2 2 (0 .070  f t  ) wi th  an accuracy 
Qf *I% a t  a flow ra te  of  1 2/min (0.035 f t3/min) .  

Upon rece iv ing  a wet t e s t  meter,  v i s u a l l y  check it f o r  
manufacturing de fec t s  and l eaks ,  and c a l i b r a t e  3 it as  described i n  
Sect ion 3.8.2. I f  it is  damaged, behaves e r r a t i c a l l y ,  o r  cannot 
be properly adjusted,  r e t u r n  it t o  t h e  manufacturer. 
1 .1 .9  Barometer - A mercury, aneroid,  o r  o the r  barometer capable 
of measuring atmospheric pressure  t o  within 2 . 5  mm ( 0 . 1  i n . )  Hg 
may be used; however, i n  many cases  the absolute  barometric 
pressure  can be obtained from a nearby weather service s t a t i o n .  
I f  the e l eva t ion  o f  t h e  sampling po in t  i s  higher  than t h a t  of t h e  
weather s t a t i o n  t h e  reported barometric pressure  is reduced a t  a 

3 
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r a t e  of 2 . 5  mm Hg/30 m ( 0 . 1  i n .  Hg/lOO f t )  of e levat ion d i f f e r -  
ence; if the sampling po in t  i s  lower than the  weather s t a t i o n .  
the pressure i s  increased a t  the same r a t e .  Note: Make s u r e  the 
weather service s t a t i o n  gives the pressure without correct ion t o  

- 
sea l e v e l .  

Check the f i e l d  barometer aga ins t  a mercury-in-glass barom- 
eter ( o r  i t s  equiva len t ) .  If the f i e l d  barometer cannot be 
adjusted t o  agree w i t h  the mercury-in-glass barometer, it is not 
acceptable. 
1 .1 .10 Vacuum Gauge - A vacuum gauge capable of measuring a t  
l e a s t  760 mm (30 i n . )  Hg is  t o  be used t o  leak check t h e  sampling 
t r a i n .  Check the vacuum gauge i n  a p a r a l l e l  l eak less  system w i t h  

. 

- 

a mercury U - t u b e  manometer a t  a vacuum of 380 mm (15 i n . )  Hg. Be 

sure  the gauge agrees within f25 mm ( 1 . 0  i n . )  Hg. I f  it does 
not, ad jus t  o r  r e j e c t .  
1.2 Sample Analysis 
1 . 2 . 1  Carbon Monoxide Analyzer The co analyzer should be a - 
Luf t - type  nondispersive in f r a red  ( N D I R )  spectrometer ( o r  equiva- 
l e n t ) ,  which meets o r  exceeds the spec i f i ca t ions  i n  Appendices A 
and B i n  Section 3.8.10. When purchasing a CO analyzer, have the - 

manufacturer demonstrate t h a t  i.t meets these spec i f i ca t ions  as 
w e l l  as those advert ised by the manufacturer. The best evidence 
is  a s t r i p  chart record of  t h a t  ana lyzer ' s  Performance. Guide- 
l i n e s  f o r  instrument evaluation a re  given i n  "Procedures f o r  
Testing Performance Charac te r i s t ics  o f  Automated Methods , I f  

Federal Regis ter ,  Vol. 40,  N o .  33, February 18, 1975. I f  the 
instrument i s  defec t ive ,  r e tu rn  it t o  the  manufacturer f o r  re- 
p a i r ,  adjustment, o r  replacement. 
1.2.2 Drying Tube - A drying tube packed w i t h  6 t o  1 6  mesh 
indicating-type s i l i c a  gel ( o r  equivalent)  should be i n s t a l l e d  t o  
remove moisture from the sample. If  n o t  removed, the  moisture 
may i n t e r f e r e  w i t h  the NDIR measurement of CO. 

The  tube can be made o f  s t a i n l e s s  s teel ,  glass ,  o r  p l a s t i c .  
Each end of  the tube should be packed w i t h  g lass  wool t o  prevent 
the s i l ica  gel from enter ing  the sampling t r a i n  and t h e  N D I R  

( / I \  9 
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analyzer .  The tube should be leak  f r e e  a t  a vacuum of a t  l e a s t  
380 mm (15  i n . )  Hg, and it should have a minimum capac i ty  of 
200  g of s i l i c a  g e l .  I f  de fec t ive ,  r e p a i r  o r  r e t u r n  t o  t h e  
supp l i e r .  
1.2.3 Carbon Dioxide Removal Tube  - I n s t a l l  a f l e x i b l e  p l a s t i c  
tube packed w i t h  500 g of a s c a r i t e  t o  remove C02 from t h e  sample. 
I f  no t  removed, t h e  COz may i n t e r f e r e  w i t h  the  NDIR measurement 
of CO. Keep tube i n  a v e r t i c a l  o r i e n t a t i o n  t o  prevent  channel- 
ing.  

A f l e x i b l e  p l a s t i c  tube with a minimum I D  of  2 . 5  an (1 .0  
i n . )  and capped a t  the ends should be used ( i n s t e a d  of  a r i g i d  
c o n t a i n e r ) .  When C02 con tac t s  t h e  a s c a r i t e ,  it tends t o  form a 
dense s o l i d  plug which can e a s i l y  block t h e  g l a s s  i n l e t  tube of 
an impinger. The i n l e t  and o u t l e t  l i n e s  of the tube should be 
configured t o  maximize exposure of sample gas t o  the a s c a r i t e  and 
t o  prevent  plugging. Pack each end of  the tube w i t h  glass wool 
t o  p r o t e c t  t h e  sampling t r a i n  and t h e  NDIR analyzer  from ascarite 
dus t .  Inspec t  t h e  C02 removal tube f o r  breaks,  damage, and 
c o r r e c t  f i t t i n g s ;  it should be leak f r e e  a t  a vacuum of 380 mm 
(15  i n . )  Hg. 

The drying tube and t h e  C 0 2  removal tube may be combined 
i n t o  one u n i t  conta in ing  l a y e r s  of the  two materials in the 
q u a n t i t i e s  previously noted. The sample should pass f i r s t  i n t o  
pure s i l i ca  g e l ,  then i n t o  a l a y e r  of s i l i c a  gel and ascarite, 
and finally through a layer of  ascarite. Repack t h i s  tube with 
s i l i c a  gel and a s c a r i t e  when t h e  e x i s t i n g  s i l i c a  ge l  e x h i b i t s  t h e  

I f  de fec t ive ,  r e t u r n  t o  the supp l i e r .  

c h a r a c t e r i s t i c  c o l o r  change. 
1.2.4 F i l t e r  - Place a f i l t e r  i n  the sample in- take l i n e  of the 
CO analyzer  t o  remove p a r t i c u l a t e s  from the gas stream and t o  
prevent  erroneous r e s u l t s  and damage t o  the NDIR analyzer .  If 
t h e  manufacturer of the CO analyzer  s p e c i f i e s  a f i l t e r  type and 
size, those  should be followed; i f  not, a standard glass  fiber 
f i l t e r  ( e . g . ,  MSA1106BH o r  t h e  equiva len t )  can be used. 

check f o r  s p e c i f i c a t i o n s  (i.e., 
the  type and s i z e  ordered) .  I f  i n c o r r e c t ,  r e t u r n  t o  t h e  manufac- 

Upon rece iv ing  the  f i l t e r ,  

t u r e r  . lli 6 
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1.2.5 Ice Water Bath - The drying tube and the  C 0 2  removal tube 
should be water t igh t  and should be immersed i n  an i c e  water bath 
of s u f f i c i e n t  s i z e  t o  contain and ensure e f f i c i e n t  operation of 
the tubes.  If  . t h e  s i z e  i s  inco r rec t ,  r e tu rn  the bath t o  t he  
supp 1 ie r  . 
1 .2 .6  Carbon Dioxide Analyzer - Carbon dioxide i n  the  gas stream 
i n t e r f e r e s  w i t h  N D I R  readings, t h u s  u s e  an a s c a r i t e  t r a p  t o  
remove a l l  C 0 2 .  To co r rec t  the CO reading f o r  t he  removed COz,  

the percentage o f  C02 i n  t he  stream must  be determined by using 
an Orsat analyzer,  as spec i f i ed  i n  Section 3.2 of the Handbook. 
1.2.7 Recorder - A s t r i p  chart  recorder i s  opt ional ;  however, it 
provides a permanent record of  NDIR readings. When ordering a 
recorder,  make s u r e  t h a t  i t s  operating voltage i s  compatible w i t h  
the  NDIR vol tage output.  

Upon receiving a recorder,  check f o r  damage and proper 
operation throughout i t s  e n t i r e  input  voltage range. If defec- 
t i v e ,  r e tu rn  it t o  the suppler.  
1.3 Reagents 
1.3.1 Calibrat ion Gases - A multipoint c a l i b r a t i o n  f o r  the  
se lec ted  measurement range of  the CO analyzer requires  th ree  
known concentrations of c a l i b r a t i o n  gases: one concentration of 
CO i n  ni t rogen ( N 2 )  f o r  the upper value (span)  o f  t h e  selected 
range and t w o  CO concentrations a t  30% and 60% of span. I n  
addi t ion,  a prepur i f ied  grade o f  N2 (containing (0.1 ppm 60) is  
required f o r  a ze ro  gas. 

The analyzer range cannot exceed the source performance 
standard by >1% t i m e s .  For example, t he  standard f o r  petroleum 
r e f i n e r i e s  is 500 ppm, thus the maximum range f o r  this industry 
would be 750 ppm and the c a l i b r a t i n g  gases would be 30% and 60% 

of  750 ppm--or approximately 225 ppm and 450 ppm. The range of 
the analyzer selected should  give the  lowest possible  high-end 
reading w i t h o u t  being lower than t h e  span gas; f o r  example, an 
analyzer w i t h  ranges of  Q t o  500 ppm, 0 t o  1000 ppm, and 0 t o  
2000 ppm would be ca l ib ra t ed  on the  0 t o  1000 ppm range f o r  75Q 
ppm CO. 
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Because some calibration gases with certificate of analysis 
have shown significant errors when compared with standard gases, 
good quality control procedures require the gas manufacturer to 
perform traceability analysis using NBS-Standard Reference 
Materials (SRM) or gas manufacturer's Certified Reference 
Materials (CRM).  The EPA Traceability Protocol No. 1 should be 
required of the gas manufacturer for traceability analysis. This 
protocol is described in Section 3.0.4 of this Handbook. For 
convenience, a summary of Protocol No. 1 as it applies to Stan- 
dards of CO in N2 is shown in Section 3.8.9. A list of gas manu- 
facturer's that have prepared approved CRMIs is available from 
EPA at the following address: 

U.S. Environmental Protection Agency 
Quality Assurance Division (MD-77) 
Research Triangle Park, North Carolina 27711 

Attn: List of CRM Manufacturers 

Calibration gases must be certified by the gas manufacturer 
to within f 2% of the specified concentration. Do not store gas 
cylinders in areas subject to extreme temperature changes. 
Before each calibration, check the cylinder pressure of each 
calibration gas and replace any with < 1400 KN/m2 (200 psi) 
pressure. 

1.3.2 Silica Gel - Indicating-type 6 to 16 mesh should be dried 
at 175OC (347OF) for at least 2 h. The color should be blue when 
the water has been removed. 

1.3.3 Ascarite - Ascarite (20 to 30 mesh) is commercially avail- 
able. It consists of asbestos coated with sodium hydroxide which 
forms sodium carbonate when exposed to C O P .  Eventually, the 
ascarite is spent, and has to be replaced since it cannot be 
regenerated. 



TABLE 1.1. ACTIVITY M A T R I X  FOR PROCUREMENT OF APPARATUS 
AND SUPPLIES 

Apparatus 
and suppl ies 

Sampl i ng 

Sampl i ng probe 

A i  r -cooled 
condenser 
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~ ~ ~ 

Needle va lve 

- ~ 

Vacuum pump 

Rate meter 

Acceptance l i m i t s  

S ta in less  s t e e l  (316) 
o r  sheathed Pyrex g lass 
w i t h  f i l t e r  t o  remove 
p a r t i c u l a t e  mat ter ;  no 
damage, cracks o r  
breaks; l eak  f r e e  a t  
380 mm (15 i n . )  Hg 

Capacity s u f f i c i e n t  t o  
c o l l  e c t  a1 1 condensed 
moisture from t h e  sam- 
p l e  gas; no damage, 
cracks, o r  breaks, 
l eak  f r e e  a t  25 mm 
(1 i n . )  H20 p o s i t i v e  
pressure and a t  380 mm 
(15 in.)  Hg vacuum 

S ta in less  s t e e l ;  capabl 
o f  r e g u l a t i n g  t h e  f 1 ow 
r a t e  over t h e  range o f  
0 t o  1 2 / m i n  (0 t o  
0.035 f t3/min);  leak- 
f r e e  f i t t i n g s  

Leak-free diaphragm a t  
380 mm (15 in.) Hg o r  
equivalent; capable o f  
ma in ta in ing  a f l o w  r a t e  
o f  1 U m i n  (0 t o  0.035 
ft3/min) a t  380 mrn (15 
i n . )  Hg f o r  30 S 

Rotameter or equ iva len t  
no cracks, f laws,  o r  
e r r a t i c  behavior;  mea- 
sure gas f l o w  i n  the  
range o f  0 - 1 a h i n  
(0 t o  0.035 ft3/min); 
agree w i t h i n  25% o f  
standard r a t e  meter 

Frequency and method 
of  measurement 

V i s u a l l y  check f o r  
l e n g t h  and composi- 
t i o n  ordered; l eak  
check 

Check f o r  s i z e  and 
damage; l eak  check 

I n s t a l l  i n  sampling 
t r a i n ;  check for 
proper  operat ion;  
l eak  check 

Leak check; check f o i  
f o r  damage and 
capabi 1 i t y  . o f  main- 
t a i n i n g  des i red f l o w  
r a t e  

Check f o r  cracks and 
f laws and c a l i b r a t e  
aga ins t  a wet t e s t  
meter (Sec. 3.8.2) 

Act ion i f  
requirements 
are n o t  met 

Repair o r  re -  
t u r n  t o  sup- 
p l  ier 

Repair o r  re-  
t u r n  t o  sup- 
p l  i e r  

Repair o r  re-  
t u r n  t o  sup- 
p l  i e r  

Return t o  
suppl i e r  

Return t o  
suppl i el- 

(continued) 
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TABLE 1.1 (continued) 

Apparatus 
and supplies 

F1 exi bl e bag 

P i to t  t u b e  

Wet t e s t  meter 

Barometer 

Vacuum gauge 

Sampl e Anal ys i s 

CO analyzer 

Drying tube 

Acceptance limits 

Tedlar or  equivalent; 
capacity of 60 t o  90 !2 
(2 t o  3 f t 3 ) ;  leak 
f ree  a t  51 mm (2  i n . )  
H20 f o r  24 h 

Type S (Method 2 ,  
Sec 3.1.1) 

Capable of measuri ng 
to t a l  volume w i t h  
accuracy of kl% a t  a 
flow r a t e  o f  1 U m i n  
(0.035 f t 3 / m i n )  

Capable o f  measuring 
atmospheric pressure t o  
k2.5 mm (0.1 i n . )  Hg 

0 t o  760 mm Hg range 
225 mm (1.0 in.) a t  
380 mm (15 in.) Hg 

NDIR spectrometer or  
equi Val en t ;  meets speci- 
f ica t ions  in Sec 3.8.10 
Appendices A and B 

Capacity of a t  l e a s t  
200 g o f  s i l i c a  ge l ;  
leak f r ee  a t  380 mm 
(15 i n . )  Hg 

Frequency and method 
of  measurement 

Check f o r  capacity, 
damage, correct  f i t -  
t ings;  leak check 

Cal i brate  according 
t o  Sec 3.1.2 

Upon assembly, leak 
check a l l  connections; 
cal i bra te  by 1 i q u i  d 
d i  spl acement (Sec 
3.8.2) 

Check against  a mer- 
cury-i n-gl ass barom- 
e t e r  or equivalent 
(Sec 3.8.2) 

Check against  a U-tube 
mercury manometer upon 
receipt  

Have supplier (1) de- 
monstrate t h a t  i t  
meets or exceeds per- 
formance specs, and 
(2) provide a s t r ip  
chart  record of runs 

Check upon receipt  
for  proper s i ze ;  
leak check 

\ction i f  
*equi rements 
ire not met 

lepai r or  
mepl ace 

iepai r or 
return t o  
juppl i er 
~~ 

?eject  i f  
damaged, be- 
haves e r r a t i -  
cally o r  can- 
not be ad- 
justed prop- 
erly 

Determine 
correction 
fac tor ,  or 
r e j ec t  

~ 

Adjust  or 
return t o  
suppl i e r  

Return t o  
supplier for  
repa i r ,  ad- 
justment, o r  
rep1 acement 

Repair or re- 
t u r n  t o  sup- 
p l  i e r  

(continued) 
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Frequency and method 
of measurement 

Check upon receipt  
for  proper s i ze  and 
type 

TABLE I:I (continued) 

Action i f  
requirements 
a re  n o t  met 

Return t o  
supplier 

Apparatus 
and supplies 

F i  1 t e r  

C02 removal 
tube 

Ice water bath 

Acceptance l imi t s  

Type and s i r e  recom- 
mended by N D I R  manufac- 
t u r e r ,  or glass  f i b e r  
f i 1 t e r  

Contains 500 g o f  ascar- 
i t e ;  leak f r ee  a t  380 
mrn Hg (15 i n . ) ;  may 
combine s i l i c a  gel and 
C02 removal tubes (Sec 
3.8.1) 

Suff ic ient  s i ze  t o  con- 
t a i n  drying and C O P  re- 
moval tubes 

S i l i c a  gel 

Check upon receipt  
for  proper s i z e ,  
f i t t i n g s ,  and leak 
check 

Indicating-type 6 t o  16 
mesh; blue i n  color 

Return t o  
supplier 

Ascari t e  

Check upon rece ip t  
fo r  proper s i ze ;  
leak check 

20 t o  30 mesh 

Return t o  
supplier 

Check fo r  damage and 
proper operation over 
ent i  r e  voltage range 

Return t o  
suppl ier  

Recorder 
(optional ) 

Carbon dioxide 
analyzers 

Reagents 

Cal i brat i  on  
gases 

S t r ip  char t  recorder 
with operating voltage 
compatible w i t h  NDIR 
o r  equivalent data 
1 ogge r 

Orsat analyzer (Method 
3 ,  Sec 3.2) 

Cert i f ied by manufac- 
t u re r  t o  22% o f  
specified concentra- 
t i on ;  t r aceab i l i t y  t o  
NBS-SRM or CRM ( C O  in 
N2 1 

Check according t o  
Meth. 3 ,  Sec 3.2 

Return t o  
suppl i e r  

Traceabili ty analysis 
required o f  the  gas 
manufacturer using 
EPA t r aceab i l i t y  
Protocol No. 1 

Return t o  
supplier 

Dry a t  175OC (347OF) 
fo r  a t  l e a s t  2 h 
pr ior  t o  use 

Discard o r  
return t o  
supplier 

Check label fo r  cor- 
r ec t  type 

Return t o  
suppl i e r  
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2 .0  CALIBRATION OF APPARATUS 

Calibrat ion of the apparatus i s  most important f o r  maintain- 
ing da ta  qua l i t y .  The c a l i b r a t i o n  procedures a re  designed f o r  
the  equipment spec i f i ed  by Method 1 0  and described i n  the pre- 
V i O U S  sec t ion .  Table 2 . 1  summarizes the qua l i ty  assurance ac t iv-  
i t i es  f o r  ca l ib ra t ion .  All ca l ib ra t ions  should be recorded on 
standardized forms and re ta ined  i n  a c a l i b r a t i o n  l o g  book. 

-2.1 Metering Svstem 

2 . 1 . 1  W e t  T e s t  Meter - The w e t  t e s t  meter must  be ca l ib ra t ed  and 
must  have the  proper capacity.  For Method 1 0 ,  t h e  w e t  tes t  meter 
should have a capaci ty  of - > 2  2/min (0.070 ft3/min). No upper 
l i m i t  i s  placed on t h e  capacity;  however, a wet t e s t  meter d i a l  
should make a t  l eas t  one complete revolution a t  t h e  specif ied 
flow r a t e  f o r  each of t he  three independent ca l ib ra t ions .  

W e t  t e s t  meters a r e  ca l ib ra t ed  by manufacturers t o  an accu- 
racy o f  f0.5%. Calibrat ion must  be checked i n i t i a l l y  upon re- 
c e i p t  and year ly  the rea f t e r .  The following l i q u i d  pos i t i ve  
displacement technique can be used t o  v e r i f y  and ad jus t ,  if 
necessary, t h e  accuracy of the w e t  t e s t  meter (Figure 2 . 1 )  to 

1. Level the  w e t  t e s t  meter by adjust ing the legs  u n t i l  
t h e  bubble i n  the  l eve l  located on the top o f  t h e  meter is cen- 
t e r ed .  

2 .  Adjust the water volume i n  the meter s o  t h a t  the 
poin ter  i n  the water l e v e l  gauge j u s t  touches the meniscus 

3 .  Adjust the manometer t o  zero by moving the sca l e  o r  by 
adding water t o  t he  manometer. 

4.  S e t  up the apparatus and ca l ib ra t ion  system. (Figure 
2.1). 

5. F i l l  the  rigid-walled 5-gal jug w i t h  d i s t i l l e d  wa te r  t o  
below the  a i r  i n l e t  tube. Allow the  system t o  equ i l ib ra t e  t o  
room temperature ( a b o u t  24 h )  before u s e .  
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RESERVOIR 

Figure 2.1. Calibration check apparatus f o r  w e t  tes t  meter. 

P ' : 
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6 .  S t a r t  water siphoning through the system, and co l lec t  
the water i n  a 1-gal con ta ine r ,  l o c a t e d  i n  p lace  o f  the  class A 

volumetr ic  f l a s k .  
7. Check t h e  opera t ion  o f  the w e t  t e s t  meter as follows: 

I f  the  manometer reading i s  (10 mm ( 0 . 4  i n . )  H20, the meter i s  i n  
proper  working condi t ion.  If  the reading i s  
>10 mm ( 0 . 4  i n . )  H20, the meter i s  de fec t ive ;  r e t u r n  it t o  the  
manufacturer f o r  repair  if the  aefect(s)  ( e . g . ,  bad connections 

. 

Continue t o  s t e p  8 .  

o r  j o i n t s )  cannot be cor rec ted .  
8 .  Continue the opera t ion  u n t i l  the 1-gal conta iner  'is 

almost f u l l  and then  plug the in l e t  t o  the s a t u r a t o r .  I f  no leak 
e x i s t s ,  the flow of l i q u i d  t o  the conta iner  should s top;  i f  the 
flow cont inues,  c o r r e c t  f o r  leaks.  Turn the siphon system of f  by 
c los ing  the va lve ,  and then unplugging the i n l e t  t o  the w e t  t e s t  

- -  

meter. 
9 .  Read the i n i t i a l  volume (Vi) from the w e t  t e s t  meter 

d i a l ,  and record it on the c a l i b r a t i o n  l o g ,  F igu re  2 . 2 .  
Place a c l ean ,  dry volumetr ic  f l a s k  (Class A) under the 

siphon tube, open the pinch clamp, and f i l l  the f l a s k  t o  the 
mark. Note: The f l a s k  must be large enough t o  allow a t  least  
one complete r evo lu t ion  of the w e t  t e s t  meter d i a l  w i t h  no more 
than two f i l l i n g s  of the f l a s k .  

11. S t a r t  the flow of water ,  be S U K ~  the f l o w  of l i q u i d  is 
cons tan t ,  and record the maximum w e t  tes t  meter manometer reading 

10. 

during the  test. 
1 2  Carefu l ly  f i l l  the  volumetr ic  flask, s h u t  o f f  the 

l i q u i d  flow a t  the 2-2 mark, and record t h e  f i n a l  volume (Vf) 
from the w e t  tes t  meter on Figure 2 . 2 .  

13. Perform steps 9 through 13 three times. 

Since the water temperature i n  the w e t  t e s t  meter and the  
r e s e r v o i r  has been e q u i l i b r a t e d  t o  ambient temperature and s i n c e  
the pressure  i n  the meter w i l l  e q u i l i b r a t e  w i t h  t h a t  i n  t h e  
reservoir after t h e  w a t e r  flow is  s h u t  o f f ,  t he  a i r  volume can be 



W e t  t e s t  meter s e r i a l  number z9& Date /-27- 80 

s- W e t  tes t  meter flow range o - / a  / .  Calibrated by 

Volume of test  f lask ,  Vs 2.00 I! 

Sat i s fac tory  leak check 

Liquid i n  w e t  test  meter and reservoi r  allowed t o  equ i l ib ra t e  with ambient temperature . 

Test 
number 

/ 

z 
3 

Manometeg 
reading, 

mtn H20 

5 

5 

5 

i 99 
2.00 

2.00 

I n i t i a l  
volume 
Wi), e 

0 

0 

0 

Totalb 
volume 
(V& J2 

1- 99 
2-00 
2.00 

Flask 
volume 

W& J2 

2.00 

2.00 
2 .oo 

Perceng 
e r r o r ,  

% 

0,s 
0 

0 

aMust be (10 mm (0 .4  in.) HzO. 

vm = Vf - Vi' b 

c% error = 100 (vm - vS)ns - - 0-r , not  t o  exceed *l%. 

Signature of ca l ib ra t ion  person 9pxy % e-45 
P c7 

- 

Figure 2.2 .  Wet test  meter c a l i b r a t i o n  log. 
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compared d i r e c t l y  t o  t h e  l i q u i d  displacement volume. Any temper- 
a t u r e  o r  pressure  d i f f e rence  would be less than measurement e r r o r  
and would no t  a f f e c t  the f i n a l  ca l cu la t ions .  

The  c a l i b r a t i o n  e r r o r  should n o t  exceed kl%; should t h i s  
e r r o r  o f  magnitude be exceeded, check a l l  connections wi th in  t h e  
t e s t  apparatus  f o r  l e a k s ,  and gravimet r ica l ly  check the volume o f  
t h e  s tandard f lask .  Repeat the c a l i b r a t i o n  procedure,  and i f  the 
t o l e rance  l e v e l  i s  n o t  met, a d j u s t  the l i q u i d  level within the 
meter (see manufacturer ' s  manual) u n t i l  the s p e c i f i c a t i o n s  a r e  
m e t ,  
2 . 1 . 2  Rotameter - The Reference Method does n o t  r equ i r e  c a l i b r a -  
t i o n  o f  t h e  rotameter ;  however, besides cleaning and maintaining 
t h e  rotameter  according t o  manufacturer ' s  i n s t r u c t i o n s ,  i t s  
c a l i b r a t i o n  curve and/or marking should be checked upon r e c e i p t  
and then  a f t e r  each t e s t  series. A procedure i s  as follows: 

1. Prepare the apparatus  (Figure 2 . 3 )  using s h o r t  connec- 
t i o n s  and tub ing  w i t h  the same I D  used i n  t h e  Method 1 0  sampling 
t r a i n .  

S t a r t  the a i r  f lowing a t  0 .5  a/min (0 .02  ft3/min) t o  
s a t u r a t e  the water i n  the w e t  tes t  meter and t o  w e t  the i n t e r i o r  
surfaces of  the  w e t  t e s t  meter. 

c a l i b r a t i o n  form (Figure 2 . 4 A  o r  2 . 4 B ) .  

wi th  t h e  needle  valve.  

make a t  l e a s t  two revolu t ions  of the w e t  t e s t  meter d i a l .  

2 .  

3 .  Record the barometr ic  pressure  (P,) on t h e  rotameter  

4 .  Adjust the flow ( R s )  t o  0.10 2/min (0 .0035 ft3/min) 

5. U s e  a stopwatch t o  measure the  t i m e  ( 0 )  required t o  

6 .  Repeat s t e p  4 w i t h  the flow (Rs) adjusted t o  0.25, 
(0.009, 0.018, 0 .027 ,  and 0.035 

of 1 . 0  t o  0.10 a/min. Record the 
(€is), t h e  elapsed t i m e  o f .  the  run 

l i q u i d  i n  t he  w e t  t e s t  meter ( t , ) ,  
w e t  t e s t  meter (Dm), and t h e  t o t a l  
(VW) * 

0.50, 0.75, and 1 . 0  Q/min 
f t  /min) going from a flow 
t ime,  the rotameter  'reading 
( e ) ,  the temperature of  the 
the manometer reading a t  the  
volume disp laced  f o r  each run 

3 
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Rotameter s e r i a l  number -72 Wet test  meter number 43-~+5  

Location IA-K - Date 1-27-80 
Barometric pressure, PB 29.9 i n .  Hg Calibrated by ; 

Rs = r o t m e t e r  s e t t i ng ,  ft3/min (e.  g., 0.009, 0.018, 0.027) 

tw = temperature of t h e  gas i n  w e t  test  meter, OF 
Dm = pressure drop on the w e t  t e s t  meter, i n .  H 2 0  ( a  negative number if ca l ib ra t ed  

Vw = gas volume passing through w e t  t e s t  meter, f t 3  
Vr = gas volume passing through t h e  rotameter corrected t o  STP, ft3 
Q, = flow r a t e  through rotameter, corrected t o  STP, ft3/min 
ts = standard temperature, 68OF 

Ps = standard pressure, 29.92 i n .  Hg 

8 = t i m e  of ca l ibra t ion  run, min 

as in Figure 2.3) 

V (PB 6 Dm/13.6) (ts + 460) 17.65 vw(pB + Dm/13.6) 
-. W - - = ft3 a t  STP. 

'1: - (tw + 460) Ps (tw + 460)  

'r - ft3/min a t  STP. Q s - - -  Q 
- 

h Figure 2 . 4 A .  Rotameter ca l ib ra t ion  data  form (English units). 



Rotameter s e r i a l  number 2/;455~2 W e t  test meter number - &4% 
Location u-j+Kf zsr bs Date i-27-80 
Barometric pressure,  PB 29.9 mm Hg Calibrated by 3 
Rs 

a/min 
0,75 

0 ,  t W #  Dmr  %' vr * Qs 
min OC NUn HzO a a a/min 

\ 5  20 -2.54 2.2s 2.25 0. ?5 

f 

= rotameter s e t t i n g ,  a/min (e.g. ,  0 ,  0.50, 0.75) Rs 
8 = t i m e  of ca l ib ra t ion  run, min 

tw = temperature of t he  gas i n  the  t e s t  meter, OC 

Dm = pressure drop on the  w e t  t e s t  meter, mm H 2 0  (a negative number i f  ca l ib ra t ed  

Vw = gas volume passing through wet t e s t  meter, a 
Vr = gas volume passing through the rotameter corrected t o  STP, Q 

ts = standard temperature, 20°C 

as in Figure 2 . 3 )  

= flow r a t e  through rotameter, corrected to STP, Q/min 

= standard pressure, 760 mm Hg 

Qs 

pS 

V 
Qs - - - r = a/min a t  STP. e 

Figure 2.48.  Rotameter c a l i b r a t i o n  da ta  form (Metric units). 

I 
r 
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7. Calculate the volume (Vr) at standard conditions (STP) 

f o r  each test point, and record on Figure 2.4A or €3. 

8. Calculate the standard flow rate (Qs) f o r  each test 
point, and record on Figure 2.4A or 2.4B. 

9. Plot the rotameter setting (Rs) versus the flow rate 
(Q,) on linear graph paper by using a flexible rule t o  construct 
a best-fit smooth curve through the data points. Note: A 

typical relationship is shown in F i g u r e  2.5. All data points 
should be within kZ% of the best-fit curve. 

- 

10. Apply the following corrections to convert the flow 
rate to S T P  if the rotameter is used in a field location where 
the barometric pressure and/or temperature is different from 
those recorded when t h e  rotameter was calibrated. 

Equation 2-1 

where 
Q, = f low rate corrected from field conditions to STP, 

l/min; 
Q, = flow rate at field conditions from calibration curve, 

g/min; 
Pf = barometric pressure at field conditions, nun Hg; and 
tf = temperature at field conditions, average temperature of 

sampling train, K. 
2.1.3 Barometer - The field barometer should be adjusted upon 
receipt and before each test series to f2.5 mm (0.1 in.) Hg of a 
mercury-in-glass barometer. If a field barometer i s  not availa- 
ble, a nearby weather service barometric pressure can be used. 

If the sampling point is higher in elevation than the 
weather station, the reported barometric pressure is reduced at a 
rate of 2.5 mm Hg/3Q m (0.1 in. Hg/100 ft) of elevation differ- 
ence; if t h e  sampling point is lower than the weather. station. 
the pressure should be increased at the same rate. Note: Make 
sure that the pressure obtained from the weather station has nst 
been corrected to sea level conditions. 

- 
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FLOW METER SERIAL NO.,-, - 
LOCATION'Azuerg *r k 
TEMPERATURE, 'C U - 
ATMOSPHERIC PRESSURE, m Hg 159 
CALIBRATED BY rkL& 

- 

I I I I I I I 1 I I 

0.1 0.2 0.3 0.4 0.5 .0.6 0.7 0.8 0.9 1.0 

Figure 2 . 5 .  Typical rotameter calibration curve. 
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2 . 2  Analysis System 

2.2.1 Carbon Monoxide Analyzer - The NDIR and the associated 
apparatus are shown in Figure 2 . 6 ;  a11 components are the same as 

those used in the sampling train. Prior to leak check and Cali- 
bration, add new or reconditioned indicating-type silica gel and 
new ascarite. Then leak check the system by closing the gas 
cylinder valves and excess flow valve; opening the control 
needle valve; and turning on the pump. If the rate meter at the 
NDIR inlet indicates flow, there is a leak. Check all connec- 
tions and fittings f o r  tightness. After the leak check, open the 
excess flow valve, shut off t h e  pump, turn OR the power, and 
allow the analyzer to warm up according to t h e  manufacturer's 
instructions. Because the NDIR analyzer is temperature sensi- 
tive, allow it to warm up - > 2  h. When calibrating an analyzer, 
follow the manufacturer's instructions for setting the zero and 
the up-scale span point. 

Calibration of NDIR analyzers may be multipoint checks; zero 
and span checks; or a zero check. Multipoint calibration is used 
to establish the calibration curve (or relationship) between t he  
a?IalyZer output and the CO input; this type of calibration is 
performed upon receipt of the analyzer, before any sampling 
series, and immediately after maintenance or internal adjustments 
of the analyzer. Zero and span checks establish whether the 
predetermined calibration curve has changed during analysis; this 
type calibration is performed at the end of each test series or 
at the start and end of each day €or continuous sampling that 
runs for more than a day. A zero check is used both  to establish 
whether the analyzer zero has drifted during a test and to adjust 
the analyzer if it has drifted. The zero check is made before 
each sample bag is analyzed €or integrated samples. 

Multipoint Calibration - The multipoint procedure can be 
used f o r  introducing calibration gases to t h e  analyzer and for 
plotting calibration curves. 



1 1  EXCESS FLOW 
VALVE P 

EXCESS FLOW 
RATE METER CONTROL 

SILICA 
GEL 

GAS 

Figure 2 . 6 .  Calibration setup. 

RATE METER 

RECORDER Y 
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1. Open t h e  excess flow valve and t h e  con t ro l  needle 
va lve ,  and then  t u r n  on t h e  pump. 

2 .  Open the zero gas cy l inder  valve,  and a d j u s t  t h e  sec- 
ondary p res su re  r egu la to r  t o  d e l i v e r  1 0  pounds pe r  square inch,  
gauge (10 p s i g ) .  

3 .  Adjust the  zero gas con t ro l  and the  con t ro l  needle 
valves  slowly and s imultaneously u n t i l  the  excess flow meter 
i n d i c a t e s  a low r a t e  ( t o  ensure t h a t  a i r  is  n o t  being pul led  back 
through t h e  excess flow l i n e  by the pump) and u n t i l  t h e  der ived 
flow r a t e  i s  reached a t  t h e  sample r a t e  meter. Note: Flow rates 
of 0 .5  t o  1 . 0  A/min a r e  normally recommended; most analyzers  are 
no t  s e n s i t i v e  t o  flow r a t e  changes below 1 . 0  l/min, b u t  t he  r a t e  
e s t ab l i shed  a t  c a l i b r a t i o n  should be maintained throughout t h e  
test series. 

4 .  S e t  t he  analyzer  zero  by manufacturer ' s  i n s t r u c t i o n s  
a f t e r  a s t a b l e  reading is  e s t ab l i shed  ( a  minimum o f  5 min) .  

5.  Adjust  t h e  recorder  zero con t ro l  knob u n t i l  t h e  t r a c e  
corresponds t o  the l i n e  r ep resen t ing  5% o f  the s t r i p  char t  width 
above t h e  char t  zero o r  b a s e l i n e  t o  allow f o r  any negat ive zero 
d r i f t .  I f  the s t r i p  c h a r t  a l ready  has an elevated base l ine ,  use 
it f o r  the zero s e t t i n g .  

- 

6 .  Mark the s t r i p  char t  trace a t  ad jus ted  zero ,  and record 

7. Turn o f f  t h e  zero gas .  
8 .  Open the  span gas cy l inder  valve,  and a d j u s t  the s e c -  

ondary pressure  r egu la to r  t o  d e l i v e r  1 0  ps ig .  
9 .  Open the  span gas con t ro l  valve u n t i l  t he  excess f l o w  

meter i n d i c a t e s  a low f l o w  (refer t o  s t e p  3 ) .  

1 0 .  Check t h e  sample r a t e  meter t o  assure  t h a t  the same 
f low r a t e  used t o  z e r o  t h e  analyzer  is maintained; i f  no t ,  a d j u s t  
t h e  f low valves .  

11. S e t  t h e  analyzer  span by manufacturer ' s  i n s t r u c t i o n s  
a f t e r  a stable t r a c e  i s  e s t ab l i shed  ( a  minimum of 5 min).  Note: 
Some analyzers  r equ i r e  two o r  more adjustments of t h e  zero and 
the  span s e t t i n g  t o  get  desired readings.  

t h e  da t a  on Figure 2.7. 

- 

1 l, f C  
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Location s m p ~  Tm LAB Date 7-26-80 Operator ;r ~ 1 . w ~  

Analyzer number ~ Y - L  Range O - / W I  F l o w  r a t e  /ooacc,& Cell pressure 
Zero gas ,G Cylinder pressure 1500 */6 Cyl i nder number 7,574~ 
Span gas 340 Cylinder pressure a16 Cyl i nder number 1547.3 
60% span gas ppm Cyl inder pressure mA Cyl inder number 17.473 

30% span gas ,225 ppm Cyl inder pressure pJ,5/x Cyl i nder number ~547.4 

Zero control setting 5.g Span control s e t t i ng  192, 

Recorder type Seri a1 number id759 -6 

- 

10( 

8( 

z 
0 

61 
w 
2 
L 
W a 
a 
w 
0 

5 4  
W 
0: 

2 

CO IN N2, ppm 

Figure 2.7. Sample cal ibrat ion curve. 
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12. Mark t h e  strip chart trace f o r  the adjusted span, and 
record the data on Figure 2.7.  

13. Close the span gas cylinder valve and the control 
valve, and remove the cylinder from the pressure regulator. 

14. Replace the span gas cylinder with the reference gas 
cylinder that contains the 60% of span concentration. 

15. Open the reference gas cylinder valve, and adjust the 
cylinder secondary pressure regulator to deliver 10 psig. Repeat 
steps 9 and 18. 

16. Allow a stable trace to be established on the recorder. 
DO NOT ADJUST ANALYZER ZERO OR SPAN CONTROL. Mark the strip 
chart trace, and record the data on the form. 

17. Repeat steps 13 through 16 €or the 30% span concen- 
tration. 

18. Plot concentration-versus-percentage relationship (Fig- 
ure 2 . 7 )  after the multipoint calibration is complete. 

19. Turn off all gas cylinders, and remove excess flow 
valve and rate meter assembly. 

The analyzer is now ready for sample analysis. 

Zero and Span Checks - Follow this procedure in conducting 
the zero and span checks: 

1. Attach the excess flow rate meter and excess flow valve 
assembly as shown in Figure 2.6. 

2 .  Open the zero gas cylinder valve, and adjust the sec- 
ondary pressure regulator to deliver 6.9 x l o 4  Pa gauge (10 

3 .  Adjust the zero gas control and the control needle 
valves slowly and simultaneously until the excess flow meter 
indicates a low flow and the sample rate meter reads the same as 
_it did during sampling. 

4 .  Mark the strip chart trace as "unadjusted zero" and 
record the data on Figure 2.8 after a stable zero trace is estdb- 

lished. 

psig). 

r L  .), i 
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4490 I 

tocation Souwe Tes t  L A  A Operator 7. L3t! JbN 

Analyzer ad2 -L Date 

Time 
jl:l5 

Test 
number 
N R-1 

Zer 
mad justed 

-0,590 
id justed 
-0- 

I - idj us ted 
100 % 

Percent 
di f- 

ference 
I 2 

Figure 2 . 8 .  Example calibration verification record chart. 
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5. Adjust  the analyzer  zero t o  the zero reading estab-  
shed i n  t h e  mul t ipo in t  c a l i b r a t i o n ; ,  mark the s t r i p  char t  trace 

a s  Iladjusted zero";  and record the value on the form. 
6. Turn of f  the zero gas. 
7. Open the span gas cy l inder  va lve ,  and a d j u s t  the  sec- 

8. Open the span gas con t ro l  valve u n t i l  the excess  flow 
ondary pressure  r egu la to r  t o  d e l i v e r  1 0  ps ig .  

meter i n d i c a t e s  a f low.  
9 .  Check the sample r a t e  meter and be su re  t h a t  the same 

flow r a t e  used t o  zero  the  analyzer  is maintained. I f  no t ,  
a d j u s t  the f low va lves .  

1 0 .  Af te r  a stable span trace is  achieved, label as "un- 
ad jus ted  span'! and record the value on Figure 2 . 8 .  

11. If the unadjusted span value (from the c a l i b r a t i o n  
curve)  differs  from the  span value determined during the mult i -  
p o i n t  c a l i b r a t i o n  by more than  *lo%, reset the  span se t t i ng . .  U s e  
Equation 2-2 t o  determine the percentage d i f f e rence  between the 
two values .  

- 
nn cos x 100 % d i f f e r e n c e  = coC Equation 2-2 

where 
CO, = concent ra t ion  of span gas,  and 

= concent ra t ion  of span gas as determined, cos 
Zero Check - A zero check i s  needed a t  the  beginning of each 

in t eg ra t ed  sample run and a t  the beginning and end of each con- 
t inuous sampling t e s t .  U s e  t h e  zero check and adjustment de- 
scribed above. Record the zero check values  on F igure  2.8. 
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Apparatus 

Metering System 

TABLE 2.1. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT 
~~~ ~. ~ ~ ~ ~ ~ _ _ _ _ _  

Action i f  
Frequency and method requirements 

Acceptance l imi t s  o f  me as u reme n t are  n o t  met 

Ro tame t e r 

Wet t e s t  meter 

Clean and maintain by Upon receipt  and Adjust and re- 
manufacturer's instruc- a f t e r  each f i e l d  ca l ib ra t e ,  o r  

Capacity >2 A h i n ;  
accuracy ?I.o% f o r  
small wet t e s t  meter 

Calibrate i n i t i a l l y  
using a mercury-in- 
g lass  barometer and 
a f te r  each f i e l d  
tes t  

d j u s t  unt i l  
and quarter ly  by 1,i- 
Cal i brate  i n i  t i  a1 ly  

quid  displacement 
technique 

Adjust  t o  
agree w i t h  
c e r t i  f i ed 
barometer 

I t r ip  
t ions ;  ca l ib ra t e  t o  

reject . 

Barometer 

Analysi s System 

P i t o t  tube 

k2.5 rnm (0.1 i n . )  Hg 
of mercury- i n-gl ass  
barometer 

Meth 2,  Sec 3.1 Meth 2, Sec 3.1 Meth 2,  Sec 

CO analyzer Multipoint cal ibrat ion:  
3-point (plus zero) t o  
t o  es tabl ish curve o f  
analyzer 

Cal ib ra te  upon re- 
c e i p t ,  a t  the begin- 
ning o f  any t e s t  se- 
r i e s ,  and immediately 
a f t e r  maintenance or  
internal adjustment, 
cal i brate  by adjusting 
span concentration t o  
agree w i t h  c e r t i f i e d  
gas concentration 

Recal i brate 
instrument 

I 
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3.0 PRESAMPLING OPERATIONS 
The quality assurance activities for presampling operations 

are summarized in Table 3.1 at the end of this section. (See 
Section 3.0 of this Handbook for details on preliminary site 
visits.) The Pretest sampling Checks, Figure 3.1, and Pretest 
Preparation Checklist, Figure 3.2, should be completed before 
leaving for the field test. 
3.1 
3.1.1 . Samplinq Train - The CO sampling trains, integrated and 
continuous, are depicted in Figures 1.1 and 1.2, respectively. 
Commercial models are available, or sampling trains can be manu- 
factured in house if the apparatus complies with specifications 
in the Reference Method (Section 3.8.10). 
3.1.2 Probe - The probe should be cleaned internally by brushing 
first with tap water, then with deionized distilled water, and 
finally with acetone. Allow the probe to air dry. The objective 
is to leave the probe contaminant free. 

The probe should be sealed 2nd then leak checked at a vacuuq 
of 380 mm (15 in.) Hg. See Section 3.8,l for leak-check proce- 
dures. 
3.1.3 Air-Cooled Condenser - The air-cooled condenser should be 
cleaned with tap water, then with deionized distilled water, and 
finally rinsed with acetone and allowed to air dry. The sbjec- 
tive is to leave the condenser contaminant free. Leak check t he  
condenser as described in Section 3.8.1. 
3.1.4 Needle Valve and Rotameter - The metering valve and rota- 
meter should be cleaned according to the manufacturer's recommen- 
dations prior to each field trip or on any sign of erratic behav- 
ior. After the rotameter is cleaned, it should be recalibrated 
(Section 3.8.2). 
3.1.5 Vacuum Pump - The vacuum pump should be inspected for 
damage and leaks before each field trip. Leak test the pump as 

Checking and Calibrating the Apparatus 

described in Section 3.8.1. 
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. .  
Date 741- 80 Completed by T. L J / / / / f i M S  

Pitot Tube 

Identification number 7d 3 Date 7-// - 80 
Dimensional specifications checked?* c/ Yes no 

Calibration required? Yes / no 

Date 7-//- P6 C 0 . 8 4  P 

Rotameter 

Identification number 36 74 

Calibration required?* J Yes 

Barometer 

Calibrated?* *, Yes 

*Most significant items/parameters to be checked. 

Figure 3.1. Pretest sampling checks. 

no 

no 
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I 

Quantity 
required }$ 

:able Loaded 
and packed Apparatus check 

Probe 

Pyrex g l a s s  ,/ 
Sta in l e s s  steel  

F i l t e r  -5 ulo& 

No 

Y 4 !/ 

P i t o t  tube 

Lf YES Type 's' 
Length St 
Calibrated* ym 
Dif fe ren t i a l  

pressure gauge - 
Air-cooled con- 

denser 

YE5 Clean VF5 
Leak cliecked* 

4- Ir 

Needle valve and 
rotameter 

4 Y p s  

Barometer 

pump 
J 4 YES I/ 

J 
Flexib le  baq 

Type JJZyR 
Leak chec ed* YES 
Evacuated* I/Es 

/O J 

*Most s i g n i f i c a n t  items/parameters t o  be checked. 

Figure 3.2. Pretest  preparation checkl i s t .  
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3.1.6 Flexible  Bag - The f l e x i b l e  bag should be v isua l ly  inspec- 
ted  f o r  damage; leak checked; and evacuated before each f i e l d  
t r i p .  For leak-check procedures, see Section 3.8.1. 
3 .l. 7 P i t o t  Tube - The presampling operations required p r i o r  t o  
using t h e  p i t o t  tube i n  the  f i e l d  a r e  described i n  Method 2, 
Section 3.1.  
3.1.8 Barometer = The f i e l d  barometer should be ca l ibra ted  p r i o r  
t o  each f i e l d  t r i p  a s  described i n  Section 3.8.2. 
3.2 Packing the Equipment f o r  Shipment 
3.2.1 Probe - Pack the probe i n  a case protected by polyethylene 
foam o r  other  su i t ab le  packing mater ia l .  Seal and p ro tec t  the 
i n l e t  and o u t l e t  of t he  probe from breakage. An ideal container 
is a wooden case ( o r  equivalent)  w i t h  separate  polyethylene-lined 
compartments f o r  individual pieces.  The case should have handles 
o r  eyehooks tha t  can withstand hois t ing  and t h a t  a re  r i g i d  enough 
t o  prevent bending o r  twis t ing  of  the  devices during shipping and 
handling. 
3.2.2 Air-Cooled Condenser, Needle Valve, Rotameter, and Vacuum 

Pump - The air-cooled condenser, needle valve , rotameter, 
and vacuum pump should be mounted securely i n  a permanent con- 
t a i n e r  and cushioned (e .g . ,  t he  pump bol ted t o  the ins ide  of a 
wooden box w i t h  rubber bushings between the pump and the box 
s i d e s ) .  Polyethylene foam can be used t o  cushion the Components. 
The container should have handles o r  eyehooks t h a t  can withstand 
hois t ing  and t h a t  a r e  r i g i d  enough t o  prevent bending o r  twis t ing  
of components during shipping and handling. 
3.2.3 Miscellaneous Equipment - Flexible  bags, barometer, p i t o t  
tube, CO analyzer ( i f  continuous sampling), and o ther  miscella- 
neous equipment needed i n  the f i e l d  should be packed conveniently 
and securely i n  containers and labeled ( a s  t o  contents)  f o r  ease 
of i d e n t i f i c a t i o n  i n  the f i e ld .  
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TABLE 3 .1 .  ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS 

Ope r a t  i on 

Apparatus Check 
and Calibration 

Probe 

A i  r-cool ed 
condenser 

Needle valve 
and rotameter 

Vacuum pump 

F1 exi bl e bag 

Pi ts t  tube 

Barometer 

Acceptance l imi t s  

Free of contaminants; 
leak f r ee  

Free of contaminants; 
leak f r ee  

Clean and without signs 
of e r r a t i c  behavior 

No damage or  leaks;  
f u l l  o i l e r  j a r  ( i f  re- 
q u i  red) 

Leak f r e e  and evacu- 
ated 

Meth 2 ,  Sec 3.1 

Agrees k 2 . 5  mm ( 0 . 1  
i n . )  Hg with mercury- 
i n-glass barometer 

Frequency and method 
of measurement 

Clean in te rna l ly  by 
brushing, using tap 
water, deionized 
d i s t i l l e d  water, and 
acetone, a i r  dry; 
seal and check fo r  
leaks a t  380 mm (15 
i n . )  Hg pr io r  t o  
f i e l d  use 

As above 

Clean by manufactur- 
e r ' s  recommendations 
p r io r  t o  each f i e l d  
t r i p  or  a t  sign of 
e r r a t i c  behavior 

Before f i e l d  t r i p ;  
visual ly  i nspect f o r  
damage; check o i l  
l eve l ;  leak check as 
described in Sec 3.8.1 

Before f i e l d  t r i p ;  
leak check accordjng 
t o  Sec 3.8.1,  and 
evacuate 

Meth 2 ,  Sec 3 .1  

Before f i e l d  t r i p ,  
ca l ib ra t e  against  
barometer (Sec 3.8.1) 

- 
Action i f  
requirements 
a re  n o t  met 

Repeat clean- 
ing procedure; 
repair  o r  re- 
place 

As above 

Repair or re- 
t u r n  t o  manu- 
f a c t  urer 

Repair or  
repl ace 

Repair o r  
repl ace 

Meth 2 ,  Sec 3.1 

Adjust  and 
cal i bra te ,  o r  
rep 1 ace 

(continued) 
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Operation 

TABLE 3 . 1  (continued) 
~ - ~ ___ 

Frequency and method 
Acceptance l i m i t s  o f  measurement 

F l e x i b l e  bag, 
p i  t o t  tube , 
CO analyzer, 

Packi ng Equip- 
ment f o r  Ship- 
ment - 

Packed i n  secure 
conta iner  

Probe R i g i d  case; probe pro- 
t ec ted  from breakage 

Before f i e l d  t r i p ,  
pack probe i n  
sui  tab1 e conta i  ner 

R o t  ame t e  r Mounted i n  permanent 
p r o t e c t i v e  conta iner  

Before f i e l d  t r i p ,  
mount permanently i n  
p r o t e c t i v e  container 

I I etc.  

Before f i e l d  t r i p ,  
pack i n  shipping 
container 

Act ion i f  
requirements 
are no t  m e t  

Repack 

Permanently 
mount i n  
p r o t e c t i v e  
conta iner  
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4.0 ON-SITE MEASUREMENTS 

On-site measurement activities include transporting equip- 
ment to the test site; making duct measurements; conducting a 
velocity traverse; determining moisture content of stack gas; 
sampling for CO; recording data on appropriate forms; and label- 
ing samples and containers for shipping. A clean "laboratory" 
type area free of excessive drafts should be designated €or 
equipment storage, sample recovery, train assembly, and documen- 
tation. 

Table 4.1 at the end of this section summarizes the quality 
assurance activities for on-site measurements. Copies of all 
field data forms mentioned in this section are in Section 3.8.12. 
The on-site measurements checklist, Figure 4.4 at the end of this 
section, provides the tester with a quick method f o r  checking 
requirements during sampling. 
4.1 Equipment Transport 

The most efficient means of transporting equipment from 
ground level to the sampling site should be decided during $he 

preliminary site visit or through prior correspondence. Care 
should be taken to prevent injury to test personnel or damage to 
the test equipment during equipment transport. 
4.2 Samplinq 

The on-site sampling includes the following steps: 
1. Preliminary measurements and setup. 
2. Preparation and setup of: sampling train. 
3. Preparation of the probe (placing filter in probe). 
4. Connection to electric service. 
5. Leak check of the entire sampling train. 
6. Insertion of probe into the stack. 
7. Sealing of the port. 
8 .  Sampling (continuous or integrated). 
9. Determination of stack gas C O P  content. 
10. Recording of the data. 
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Upon completion o f  sampling, a leak check of the sampling 
t r a i n  i s  required.  

4.2.1 Preliminary Measurements and Se tup  - The sampling s i t e  
should be se lec ted  i n  accordance with Method 1. If this is  
impossible due t o  d u c t  configuration o r  o the r  reasons, t he  sam- 

p l ing  s i t e  loca t ion  should be approved by the  administrator.  The 

s i t e  must be acceptable before a v a l i d  sample can be taken. 
Check f o r  a 115-V, 20-A e l e c t r i c a l  service; t h i s  i s  adequate t o  
operate the standard sampling t r a i n .  Measure the  s tack  ED. 
Ei ther  determine the minimum number of t raverse  points  (Method 1) 
or check t h e  points  already determined during the  preliminary 
s i t e  v i s i t .  Record all data  on the  poin t  loca t ion  form (Section 
3 . 0 ) .  These measurements may be needed t o  loca te  the  p i t o t  tube 
and probe during sampling. 
4.2.2 Stack Parameters - Determine the  s tack  pressure and tem- 
perature;  determine t h e  range of ve loc i ty  heads and the proper 
d i f f e r e n t i a l  pressure gauge for the  range; and conduct a leak 
check of the ve loc i ty  pressure system (Method 2 ) .  Determine the  
approximate moisture content (Method 4 or its a l t e r n a t i v e s )  for 
se l ec t ing  the s i ze  of t h e  condenser and the  quant i ty  of s i l i ca  
ge l  required i n  t h e  sampling t r a i n .  If the  source has been 
tested before,  an estimate of  moisture based on previous t e s t  
data  should be s u f f i c i e n t .  

I f  an 

integrated sample i s  required,  fo l low the procedures f o r  collect- 
ing t h e  sample simultaneously w i t h  (and f o r  the same length of 
time a s )  the CO sample, and use t he  sampling and ana ly t ica l  data  
forms i n  Method 3 .  

If a t raverse  is required, s e l e c t  a probe length s u f f i c i e n t  
f o r  sampling all points .  For la rge  s tacks,  consider sampling 
from opposite s ides  of the s tack  t o  reduce the  length of the  
probe. Mark the  probe w i t h  heat  r e s i s t a n t  tape o r  by some o ther  
method t o  denote the  proper dis tance i n t o  the  s tack  ( o r  d u c t )  for 
each sampling poin t .  

Determine the  d ry  molecular weight of  t h e  s tack  gas. 

' t  
\ I  
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Se lec t  a t o t a l  sampling t i m e  g r ea t e r  than o r  equal t o  the  
minimum t o t a l  sampling time spec i f ied  i n  the  industry t es t  proce- 
dures .  Select ion should assure t h a t  the sampling t i m e  per  po in t  
( i f  t raverse  i s  required)  is  - > 2  min and t h a t  the sample volume 
corrected t o  standard conditions exceeds the  minimum total .  gas 
sample volume required f o r  t h a t  industry.  The l a t t e r  can be 
based on an approximate average sampling r a t e .  The number of 
minutes sampled a t  each po in t  ( i f  a t r ave r se  i s  required)  should 
be an in teger  o r  an in teger  plus  one-half minute t o  avoid t i m e -  
keeping errors. In  some circumstances (e.g., batch cyc les )  # it 
may be necessary t o  sample f o r  shor te r  t i m e s  a t  the t r ave r se  
poin ts  and t o  obtain smaller gas volumes; i f  so, the adminis- 
t r a t o r  I s approval must f i r s t  be obtained. 
4 . 2 . 3  Probe and Sampling Train Preparations - Prepare the probe 
and the  sampling t r a i n  i n  the laboratory type area.  F i r s t ,  p lace - 

a loosely packed f i l t e r  of g l a s s  wool i n  t h e  end o f  the  probe. 
( T h i s  f i l t e r  should be changed a f t e r  each t e s t  o r  a f t e r  every 4 h 
of sampling.) Then i f  a continuous sample i s  required, f i l l  the 
drying tube with s i l i c a  ge l  (minimum of 200 g is recommended), 
and f i l l  the  COz removal tube w i t h  a s c a r i t e .  During preparat ion 
and assembly of t h e  sampling t r a i n ,  keep a l l  openings covered t o  
prevent contamination. J u s t  before c o l l e c t i n g  the sample, con- 
nect  the  probe and the  f l e x i b l e  bag o r  NDIR analyzer t o  the 
sampling t r a i n .  
4 . 2 . 4  Continuous Sampling - Fol low the procedure below t o  obtain 
a continuous sample. 

1. Leak check the  t r a i n  j u s t  before sampling by placing a 
gauge a t  the  probe i n l e t  and pulling a vacuum of  ,250 m ( 1 0  i n . )  
Hg. Turn the pump o f f .  Note: The vacuum should remain s t a b l e  
fo r  a t  l e a s t  30 s; i f  no t ,  f ind  and el iminate  t h a t  leak before 
slowly r e l eas ing  the vacuum gauge. T h i s  leak check is  opt ional .  

2 .  Connect the  NDIR analyzer t o  e l e c t r i c a l  se rv ice  and 
allow it t o  warm up according t o  t he  manufacturer's recommenda- 
t i o n s  (minimum of 1 h ) .  Whenever possible  a 2-h warmup i s  pre- 
fe r red .  
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3. Perform a multipoint calibration (Section 3.8.2). 
4. Connect the NDIR to the sampling train as illustrated 

in Figure 4.1, and insert the probe into the stack at the prede- 
termined sampling point. 

5 .  Plug the sampling port to prevent dilution of the stack 
gas by in-leakage of ambient air. 

6 .  Immediately adjust the gas flow rate to that recom- 
mended by the NDIR manufacturer [must be - (1 2/min (0.035 ft / 
min)]. Purge the system by drawing at least 5 times the sampling 
system volume through the train or by drawing until the analyzer 
reading stabilizes. 

7 .  Record the gas flow rate and the CO concentration on 
t he  field data form for continuous sampling (Figure 4.2). 

8 .  Check the strip chart recorder (if used) f o r  proper 
operation: 

3 

a. Chart speed control setting, 
b. Gain control setting, 
c. Ink trace readability, 
d.  Excess noise, and 
e. Proper zero setting. 

9. Determine the C02 concentration (Method 3 )  simultan- 
eously with the CO monitoring. 

10. Remove the probe from the stack, place a vacuum gauge 
at the probe inlet, perfbrmothe leak check (step 1 ) 1  and record 
the leakage rate on the data form (Figure 4 .2 ) .  This leak check 
is mandatory. 

11. Disconnect t he  NDIR, and cap o f f  both ends of the 
sampling train. 

12. Perform the zero and span calibration (Section 3.8.2) 
upon completion of the testing, or once a day if continuous 
sampling lasts for more than one 24-h period. 

13. Record the new zero and span settings in the comments 
section of the data form (Figure 4.2) I and record the values on 
the strip chart recorder (if used). 

r z .  

1 .  ' 
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Clock 
time, 
24 h 

Plant name 7P#NS A M E R l C 7 q  1 nlc . Date 7- d .? - 80 
Sample location O U 7  L F T  S7 A C K  
Barometric pressure, pf (in. ) Hg 
Ambient temperature, % (OF) 76 Stack temperature, (OF) - a o S  
Intital leak check OK Final leak check OK 

J9. a0 

Operator 7 &;L S b d  

Ro tame ter  
setting, 
a/min CO conc, cop I 

ppm (dry basis) % Comments 

I 

1 I 

I I -.. - .  - - . 

I 

F i g u r e  4.2. Field sampling data form for CO (continuous sample).  
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4.2.5 Integrated Sampling - Integrated sampling is conducted at 
a rate proportional to the stack gas velocity, which has a linear 
relationship with the square root of the velocity head ( A P ) .  
Following is a recommended method for determining proportional 
sampling rates : 

1. Conduct a velocity traverse, and determine the maximum 
velocity head (AP max) to be sampled. 

2. 
A P  max. 

Assign a sampling rate of 0 . 7 5  Q/min ( 0 . 0 3  ft 3 /min) to 

3 .  
4. Set the sampling flow rate using the following equa- 

Determine the actual velocity head (AS?). 

tion. 

- -  

where 

Equation 4-1 

Qm = maximum sampling rate, 0 . 7 5  !l/min (0."3 ft 3 /min), 
Q, = sampling rate, g/min (ft3/min), 
A P  = actual velocity head, mm (in. ) H20, and 

A P  max = maximum velocity head, m (in.) HZO. 
5 .  Determine the rotameter setting for the sampling rate 

(Q,) from the rotameter calibration curve, and adjust the rota- 
meter accordingly. 
Using this procedure will ensure that the sampling rate will not 

preparation of a table or graph for easy reference prior to 
actual sampling. 

Follow the procedure below to obtain an integrated sample. 
1. Leak check the sampling train just prior to sampling by 

placing a U tube or inclined manometer at t he  probe inlet and 
pulling a vacuum of 250 mm ( 2  in.) HzO. Turn the pump off. 
- Note: The vacuum should remain stable for at least 30 s. If a 
leak is found, repair before proceeding; if not, slowly release 
the vacuum gauge. This leak check is optional. 

and insert the probe into the stack at the sampling point; if a 

exceed 0.75 a/min (0.03 ft 3 /min), and it will facilitate the 

.1 
2 .  Disconnect the flexible bag from the sampling train, L 

\\L 
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t r a v e r s e  i s  t o  be conducted, p lace  the probe a t  the f i rs t  p o i n t  
t o  be sampled. 

Plug t h e  sampling p o r t  t o  prevent  d i l u t i o n  of the s t ack  
gas by in-leakage of  ambient a i r .  

Purge t h e  system by tu rn ing  on t h e  pump and drawing a t  
l e a s t  5 times the  sampling system volume through t h e  t r a i n ,  o r  
purge f o r  10 min, whichever i s  g rea t e r .  

5 .  Adjust the sample gas  flow ra te--not  t o  exceed 1 Q/min 
(0 .035  f t3/min) .  

6 .  Connect t h e  f l e x i b l e  bag t o  t h e  sampling t r a i n  ( t h e  
connections should ensure a leak-free system),  and begin sampling 
a t  a ra te  proport ional  t o  the  s t ack  gas v e l o c i t y  f o r  the t o t a l  
sampling t i m e  s p e c i f i e d  by the s tandard of performance f o r  the 
indus t ry  being sampled. The s t a r t i n g  t i m e  f o r  each t e s t  is when 
t h e  sample bag i s  connected. 

Record a l l  data on t h e  f i e l d  sampling da ta  form ( F i g u r e  
4 . 3 ) .  

. Determine t h e  C02 concentrat ion simultaneously w i t h  the  
CO monitoring. I f  enough volume w i l l  be co l l ec t ed  i n  t h e  f l e x i -  
ble  bag, an Orsat  ana lys i s  f o r  C02 concentrat ion may be performed 
on the f l e x i b l e  bag used t o  c o l l e c t  the CO sample. 

Disconnect and seal the f l e x i b l e  bag upon completion of 
sampling. Take care n o t  t o  d i l u t e  t he  contents  w i t h  ambient a i r .  

1 0 .  Turn o f f  the vacuum pump, remove t h e  probe from t h e  
s t a c k ,  and p lace  a vacuum gauge a t  t he  probe i n l e t .  

11. Repeat t h e  l e a k  check ( s t e p  I), and record the  leakage 
r a t e  on the  da t a  form (Figure 4 . 2 ) .  T h i s  l eak  check i s  manda- 
t o r y .  

1 2 .  L a b e l  each sample bag c l e a r l y  and uniquely t o  i d e n t i f y  
it w i t h  i t s  corresponding d a t a  form. 
4.3 Sample Recovery 

Sample recovery should be performed i n  such a manner as t o  
prevent  contamination of t h e  t e s t  sample and maihtain sample 
i n t e g r i t y  . 

3 .  

4 .  

7 .  

8 .  

9. 

, .  
1 '  



Plant name A~mlw 1.c Date 
Sample location D , ~ , ~  smrk 
Barometric p r e s s u r e , m ( i n . )  H g  a.20 

Ambient temperature, % (OF) 7c;” Stack temperature,%(OF) 205 

Operator < ~ 1 2 ~  
I n i t i a l  leak check Ok Final leak check ~k 

t i m e  , t i m e ,  Traverse 
point 

/ 

I I 
Rotameter co 

Velocity head se t t ing ,  conc, ppm 
(APs), -(in.) H 2 0  2/min (ft3/min) (dry b a s i s )  

I I 

0.25 I 0.56 cc/M/r/ I 45- 

t I 

1 I 

Figure 4 . 3 .  F ie ld  sampling data form for CO ( integrated sample). 

co2 I 

% 

9.s 
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4.3.1 Continuous Sample Recovery - Continuous sampling f o r  CO 

requires no sample recovery o the r  than an in t eg ra t ed  bag sample 
f o r  C02. The in t eg ra t ed  method f o r  determinat ion o f  C02 content  
requires no sample recovery o the r  than making s u r e  the sample i s  
labeled.  The l a b e l  should c l e a r l y  and uniquely i d e n t i f y  t h e  
sample w i t h  the  t es t  number, t i m e  of sampling and so fo r th .  
(Analysis  of this sample is discussed i n  Method 3 ,  Sect ion 3 . 2 . )  

4.3.2 In tegra ted  Sample Recovery - In tegra ted  sample recovery 
f o r  CO r equ i r e s  only t h a t  the gas bag be capped and properly 
labeled.  I f  an in t eg ra t ed  sample was obtained t o  determine the 
C02 content  o f  the gas stream, it also should be capped and 
labeled. The labels should c l e a r l y  and uniquely i d e n t i f y  the 
tes t  numbers, times of  sampling, and s o  f o r t h .  The CQ2 sample 

could  be t he  same as t h a t  t o  be analyzed f o r  CO content .  Ana- 
l y s i s  of the  C02 sample i s  discussed i n  Method 3 ,  Sect ion 3.2. 

4.4 Sample Logis t ics  (Data)  and Equipment Packing 
The sampling and the sample recovery procedures are followed 

u n t i l  the required number of runs are completed. A t  completion, 

perform the following: 
1. Return a l l  s-amples t o  the base laboratory; check f o r  

proper l a b e l i n g  ( t i m e ,  date,  l oca t ion ,  number of  each tes t ,  and 
o t h e r  p e r t i n e n t  documentation). 

2 .  Dupl icate  a l l  da t a  recorded during t h e  f i e l d  t es t  by 
us ing  carbon paper o r  by us ing  data forms and a labora tory  note- 
book. One se t  of da t a  should be mailed t o  the  base laboratory,  
given t o  another team member, o r  given t o  the  agency; t he  o the r  
should be handcarr ied t o  prevent  c o s t l y  and embarrassing m i s -  
t akes .  

3 .  Examine a l l  samples and sampling equipment f o r  damage 
and properly pack f o r  shipment t o  the  base laboratory.  Properly 
label a l l  shipping conta iners  t o  prevent  l o s s  of  samples o r  
equipment. 

The postsampling operations--apparatus checks , sample anal-  
y s i s ,  and calculat ions--are  discussed i n  t he  next  two sec t ions .  
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Continuous Sampling 

Leak check p r i o r  t o  sampling ( o p t i o n a l )  I A A / 3 . '  

Mult ipoint  c a l i b r a t i o n  curve constructed* 
Sample p o r t  plugged /AR/csJ 

Sample f l o w  ra te  propel ly  set  (manufacturer recommended and 

NDIR allowed t o  w a r m  up (I h minimum)* 5 1 
- <1 a/rnin)* /AQxz/ 

J 

Sample system proper ly  purged* 
P o s t t e s t  leak check (mandatory)" 
A l l  d a t a  proper ly  recorded* 

fi U C02 concentrat ion determined* /&#J 
0 

In t eg ra t ed  Sampling 

Sampling r a t e  selected for i n t e g r a t e d  sampling 
Leak check p r i o r  t o  sampling ( o p t i o n a l )  
Sample p o r t  plugged 
Sample t r a i n  purged ( 5  t i m e s  system volume o r  10  min)* 
F lex ib l e  bag proper ly  sea led  and labeled* 
P o s t t e s t  leak check (mandatory)* 
A l l  data proper ly  recorded* 
C 0 2  concentrat ion determined* 

*Most s i g n i f i c a n t  item/parameters t o  be checked. 

Figure 4 . 4 .  On-site measurements checkl is t .  



Apparatus 

Assembling 
sampl i ng 
t r a i n  

Continuous 
sampl i ng 

Integrated 
sampling 

Sampl e 1 ogi s- 
t i c s  (data) 
and packing 
o f  equipment 

Section No. 3.8 .4  
Revision No. 0 
Date January 4, 1982 
Page 12 of 12 

TABLE 4.1.  ACTIVITY MATRIX FOR ON-SITE MEASUREMENTS 

Acceptance 1 i m i  t s  

Meets specif icat ions 
i n  F i g  1.1 o r  Fig 1 . 2  

~ ~~ 

Leak checked, no de- 
f lec t ion  on a vacuum 
gauge f o r  a 30-s 
C02 determination, 
(Sec 3.8.1) leak check 
a f t e r  sampling, (same 
as above) 

Leak checked, no de- 
f lec t ion  on a vacuum 
gauge for a 30-s period; 
COz determi nation, 
sample volume, (Meth 3) 
minimum time and volume 
determined by appl icabl e 
standard of performance; 
leak check a f t e r  sam- 
pling (no def lect ion on 
a vacuum gauge f o r  
30-s) ; sampl e propor- 
t iona l ly  t o  stack gas 
velocity f o r  the spec- 
i f i ed  length of time 

All data recorded cor- 
rec t ly ;  a i  1 equipment 
checked f o r  damage, and 
labeled f o r  shipment; 
a1 1 sample containers 
properly 1 abel ed and 
packaged 

:requency and method 
o f  measurement 

lefore each sampling 

.eak check the 
iystem; ca l ib ra t e  the 
iDIR before each 
Lest, and a f t e r  each 
;est r u n ,  o r  once a 
jay (Sec 3.8.2); 
leak check a f t e r  
;amp1 ing (mandatory) 

.eak check the system; 
leak check a f t e r  
;ampling (manda- 
Cory) 

l f t e r  each sampling 
snd before packing 
For shipment, 
I r i  sual ly check 

Action i f  
requi rements 
a re  not met 

Reassemble 

~. ~~ ~~~~ ~~ 

Correct the 
leak; repeat the 
sampl i ng; re- 
ca l ib ra t e ;  re- 
peat t h e  sam- 
pl i ng 

Correct the 
leak; repeat the 
sampl i ng 

Complete the 
data;  . repeat  
sample i f  
damage occurred; 
cor rec t  i f  
possible 
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5.0 POSTSAMPLING OPERATIONS 

T a b l e  5 . 1  a t  the end of this s e c t i o n  summarizes t h e  q u a l i t y  
assurance a c t i v i t i e s  f o r  postsampling operat ions.  
5 .1  Apparatus Checks 

P o s t t e s t  checks m u s t  be made on most  of  t h e  sampling appa- 
r a t u s .  Record the data from the zero and span checks of  the NDIR 
(cont inuous sampling only)  and from the c a l i b r a t i o n ,  c leaning,  
and/or rou t ine  maintenance (Sec t ion  3.8.7) of  the rotameter  on 
Figure 5.1.  
5 .1 .1  Rotameter - Cal ib ra t ion  o f  the  rotameter  used during 
sampling should be ver i f ied by a p o s t t e s t  check which is s i m i l a r  
t o  the i n i t i a l  c a l i b r a t i o n  (Sect ion 3.8.2) with the fol lowing 
v a r i a t i o n s .  

1. 
cor rec t ed  

rotameter  
2 .  

The meter ing system should not  have had any leaks  
p r i o r  t o  t he  p o s t t e s t  check. 
Only two flow r a t e  checks need t o  be made. I f  the  
c a l i b r a t i o n  f a c t o r  (Y,) does no t  dev ia t e  >lo% from 'the 

i n i t i a l  c a l i b r a t i o n  f a c t o r ,  t h e  rotameter opera t ion  i s  accept- 
able; if it does, the rotameter  should be cleaned and resali- 
brated (Sect ion 3.8.2 ) , b u t  no c a l c u l a t i o n s  need be corrected.  
Record all required da ta  OR Fi'gure 5 .1 .  
5 . 1 . 2  NDIR Ca l ib ra t ion  Check (Continuous Sahpl ins  Only1 - C a l i -  
b r a t i o n  o f  the NDIR analyzer  used during sampling must  be checked 
upon completion o f  the t e s t i n g  per iod.  U s e  t he  zero and span 
checks (Sec t ion  3.8.2). I f  t he  span check devia tes  mare than 
*lo% o f  the p r e t e s t  span value,  void a l l  data back t o  the last 
acceptable  c a l i b r a t i o n  check. 
5.2 Analysis Checks ( In t eg ra t ed  Sampling Only) 

The a n a l y s t  should be f a m i l i a r  w i t h  the NDIR anal*yzex and 
i t s  c a l i b r a t i o n  procedure i n  order  t o  ob ta in  a precise and accu- 
r a t e  ana lys i s  o f  samples and should u s e  the  ana lys i s  s e c t i o n  o f  
Figure 5 . 1  f o r  a quick check of  requirements during ana lys i s  of  
i n t e g r a t e d  samples. /' i j / C  
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Posttest 
Posttest 
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zero check adjusted value 10% 
span check* &1p1 within &lo% of pretest calibration 

Recalibration required? Yes J’ no U 

If yes, void all data back to the last calibration check that 
was within the *lo% limit 

Rotameter 

Pretest calibration factor , Y, 0.99 within *5% 
Posttest check, * Yr 0,99 within &lo% of pretest 
Recalibration recommended? Yes r /  no 

(Yr not used for If performed, recalibration factor, Yr 
emission calculations) 
Rotameter cleaned? 4 Yes no 

Analysis (Integrated Samples) 

#= Calibration gases traceable to NBS-SRM or CRM standard gas* 

ND1.R allowed to warm up (1 h minimum)* /a& 
Multipoint calibration curve constructed* * 
Sampling lines and analyzer properly p u r g e d i m e s  system 

Three successive readin& made from each bag 
Highest and lowest values differ by ~ 5 %  

volume or 10 min)* 

1 
-(I 

*Most significant items/parameters to be checked. 

Figure 5.1. Posttest sampling checks. 
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5.2.1 Calibration Gas Values - Concentrations of CO, in the zero 
gas and in the calibration gases are determined as described in 
Section 3.8.2. The concentrations reported By the manufacturer 
should be traceable to an NBS-SRM or CRM standard gas. 

5.2.2 NDIR Sample Values - After the analysis system 1s assem- 
bled according to Figure 2.6, use t h e  following procedure to 
check the CB values: 

1. Turn on the NDIR and allow it to warm up according to 
the manufacturer's recommendations (minimum of 1 h ) .  

2. Perform a multipoint calibration (Section 3.8.2, Sub- 

section 2.2.1). 
3. Connect the flexible bag to t h e  NDXR (Figure 5.2), and 

purge the sample lines and analyzer either by drawing at least 5 
times the system volume through the system or by purging for 10 
min whichever is greater. 

4. Record at least three successive CO concentrations 
determined by the NDIR and the calibration curve (step 2). Note: 
The highest and lowest values should not differ by >5%. 

5. Perform the zero and span cheeks (Section 3.8.2). 
6. Repeat steps 3 through 5 for each bag sample. 

Analyze the COz integrated samples according to Method 3, Section 
3.2. 
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CONTROL 
NEEDLE 
VAbVE 

RECORD€ R 

Figure  5 . 2 .  Integrated sample a n a l y t i c a l  apparatus. 
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Apparatus 

Ac t i on  i f  

are  n o t  met 
Frequency and method requirements 

Acceptance 1 i m i  ts j o f  measurement 

Sarnpl i ng I I 
i I I 

Rot ame t e  r 1 W i t h i n  + lo% o f  de- 
I s i r e d  f l o w  r a t e  

1 Make two independent 
I checks (Sec 3.8.2) 

Clean and 
r e c a l  i b r a t e  

I I I 
N D I R  ( con t in -  1 W i t h i n  +lo% o f  p r e t e s t  

uous sampl ing 1 c a l i b r a t i o n  
A f t e r  t e s t i n g ,  check R e c a l i b r a t e  
zero and span values and v o i d  a l l  

Ana lys i s  ( i n t e -  I 
g r a t e d  sample I 

. .  

l a s t  accept-  
ab le  check I 

Cal i b r a t i  on 
gases 

Return t o  
s u p p l i e r  

Traceabi  1 i t y  t o  NBS- Sec 3.8.2 
SRM o r  CRM performed 

I 
I 

Sample va lues Values w i t h i n  5% o f  
each o t h e r  

Make a t  l e a s t  t h r e e  
s x c e s s i v e  determina- 
t i o n s  f o r  each bag 
sample f o r  CO and 

Repeat t h e  
a n a l y s i s  
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6 . 0  CALCULATIONS 

Calculat ion errors due t o  mathematical mistakes can be a 
l a r g e  p a r t  o f  t o t a l  system er ror .  Therefore, each s e t  of  ealcu- 
l a t i o n s  should be repeated o r  spotchecked by a team member o t h e r  
than the one who performed them o r i g i n a l l y .  If a d i f fe rence  
g rea t e r  than a typical round-off e r r o r  is detec ted ,  the calcula-  
t i o n s  should be checked s t e p  by s t e p  u n t i l  the source of e r r o r  is 
found and cor rec ted .  T a b l e  6 . 1  a t  the  end of  this s e c t i o n  sum- 

marizes the q u a l i t y  assurdnee funct ions f o r  ca l cu la t ions .  
A computer program can be advm.tageous i n  reducing calcula-  

t i o n  e r r o r s .  I f  a s t a n d u d i z e d  computer program is used, check 
the o r i g i n a l  data e n t r i e s ;  i f  d i f f e rences  a r e  observed, make a 
new computer run. 

Carryout ca l cu la t ions ,  r e t a i n i n g  a t  l e a s t  one decimal figure 
beyond t h a t  of the acquired data. Reundoff the f i n a l  calcula-  
t i o n s  t o  two significant d i g i t s  f o r  each run o r  sample i n  accord- 
ance w i t h  the ASTM 380-76 procedures. Record the results on 
Figure 6 .1 .  

6 . 1  Nomenclature 

The following nomenclature is used i n  the ca lcu la t ions .  
C = concentrat ion of  CO i n  s tack,  ppm by volume (d ry  “stack 

C = concentrat ion of  CO measured by NDIR analyzer,  

F C02 = volume f r a c t i o n  of  C02 i n  sample (i  . e . ,  %C02 from 

b a s i s  ) , 

pprn by volume (dry bas i s ) ,  

Orsat analysis divided by 100). 

CoNDIR 

6.2 CaIculat ions 

The CO conten t  (ppm) is  measured by NDIR on a dry b a s i s ,  
af ter  the C02 content  of the sample gas has been removed. This 
NDIR measurement must be corrected fo r  the C02 conten t  (%) re- 
moved. 
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Sample location &&?f JbPk 

Test number I 
Bag number I O t  

Opera to 1: id&- 

CO Concentration 

C = - - -  4 Oppm (dry b a s i s ) .  “NDIR 

= 9 . 0% f 100 = 0._02. c02 - -  F - - 

“stack = C “NDIR (1 - FC02). C 

Errors : 

Figure 6.1. Carbon monoxide calculat ion form. 
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Use Equation 6-1 and the data from F i g u r e  6.1 to correct the 
NDIR reading. 

Equation 6-1 

TABLE 6.1. ACTIVITY MATRIX FOR CALCULATION CHECKS 

Characteristics 

Analysis data 
- -  form 

Calculations 

Acceptance limits 

All data and calcula- 
tions shown on Fig 6.1 

Difference between 
check and original 
calculations less than 
0.r equal to round-off 
error 

Frequency and method 
of measurement 

Visually check 

Repeat all calcula- 
tions starting with 
raw data for hand 
calculations; check 
all raw data input 
for computer calcu- 
lations, and hand 
calculate using one 
sample per test 

Action if 
requirements 
are not met 

Complete the 
missing data 

Indicate any 
errors on 
Fig 6.1 

” I U‘‘ 
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7 . 0  MAINTENANCE 

Normal use of equipment subjects it t o  cor ros ive  gases ,  
temperature extremes, v i b r a t i o n s ,  and shocks. Keeping t h e  equip- 
ment i n  good opera t ing  order  over an extended per iod of time 
requ i r e s  no t  only knowledge of  t he  equipment b u t  also rout ine  
maintenance. Maintenance of the e n t i r e  sampling t r a i n  should be 
performed q u a r t e r l y  o r  a f t e r  2830 II (100 f t 3 )  o f  operat ion,  
whichever occurs f i rs t .  Maintenance procedures f o r  system com- 
ponents are summarized i n  Table 7 .1 .  The fol lowing procedures 
are recommended, b u t  no t  required, t o  inc rease  the r e l i a b i l i t y  of 
equipment. 

7.1 Pumps 

Several  types of pumps a r e  used i n  commercial sampling 
t r a i n s .  Two of t h e  most common a r e  the f i b e r  vane pump with 
i n - l i n e  o i l e r  and the diaphragm pump. 

The f i b e r  vane pump requires a per iod ic  check of t h e  oil and 
t h e  o i l e r  j a r .  The  used o i l  ( u s u a l l y  1OW nondetergent o r  machine 
weight)  should be e s s e n t i a l l y  the same t r a n s l u c e n t  c o l o r  as the 
unused o r  spare  o i l ,  and the j a r  should be no less than half  f u l l  
and l eak  free. When the f i b e r  vane pump s t a r t s  t o  run e r r a t i -  
c a l l y  o r  when the head i s  removed each year, t h e  f i b e r  vanes 
should be replaced.  

The diaphragm pump requires l i t t l e  maintenance. I f  t he  pump 
runs e r r a t i c a l l y ,  it i s  normally due t o  a bad diaphragm o r  mal- 
funct ions i n  the valves;  these p a r t s  a r e  e a s i l y  replaced and 
should be cleaned annual ly  by complete disassembly of the t r a i n .  

7.2 Rotameter 

A rotameter should be disassembled and cleaned according t o  
t he  manufacturer ' s  i n s t r u c t i o n s  using the recommended c leaning  
f l u i d s  annual ly  o r  more o f t e n  i f  e r r a t i c  behavior occurs .  

, -\ 
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Apparatus Acceptance l imits  

Fiber vane pump In-line o i l e r  f ree  of 
leaks and a t  l e a s t  half 
f u l l  

7 . 3  NDIR Analyzer 
The CO analyzer comes with a manual t h a t  specifies mainte- 

nance procedures and how often each should be performed. Follow 
the manufacturer's recommendations, and call an experienced field 

Frequency and method 
of measurement 

Periodic check of o i l  
and o i l e r  j a r ;  remove 
head and change f iber  
vanes yearly 

service representative if internal adjustments are needed. 

Diaphragm pump 

7.4 Other Sampling Train Components 
All other sampling train components (probe, flexible bag, 

etc.) should be visually checked quarterly and completely disas-  
sembled and cleaned or replaced yearly. Many of the items (e.g., 
quick disconnects) should be replaced when damaged ra ther  than 
checked periodically. Normally the best  procedure in the field 

Leak-free valves; 
diaphragm function- 
ing properly 

is to replace a component. 

Rotameter 

TABLE 7.1. ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE 

Clean; no e r r a t i c  
behavior 

NDIR analyzer Clean; no e r r a t i c  
behavior 

Clean valves during 
yearly disassembly or 
upon e r r a t i c  behav- 

Sampling t r a i n  No damage; no e r r a t i c .  
components behavior 

i or 

Visually check every 
3 mo; completely d i s -  
assemble and clean o r  
replace yearly 

C1 ean by manuf actur- 
e r '  s recommendations 
yearly or upon er ra t -  
i c  behavior 

Follow manufacturer's 
recommendations 

Action i f  
requirements 
are  n o t  met 

Replace or 
r e f i l l  o i l e r  jar 
as needed 

Replace i f  
cleaning w i  1 1 
not correct  the 
ma 1 f unct i on 

Rep1 ace 

Ca71 service 
representative 
for  expert 
repair  

Repair or  
rep1 ace w i t h  
spare component 
i f  i n  the  f i e l d  
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8.0 AUDITING PROCEDURE 

An "audit' ' is an independent assessment of data quality. 
Independence i s  achieved by using standards and equipment t h a t  
are d i f f e r e n t  from those used by a regular f i e l d  crew. Although 
rout ine q u a l i t y  assurance checks conducted by a f i e l d  team are 
necessary i n  generation of good qua l i ty  da ta ,  they' are  no t  con- 
sidered as part of the audi t ing procedure. Table 8.1 a t  the end 
of this sec t ion  summarizes t h e  qua l i t y  assurance a c t i v i t i e s  f o r  
auditing. 

Based on the r e s u l t s  of  co l labora t ive  tests of  Method 10,' 
two s p e c i f i c  performance audi t s  a r e  recommended: 

1. 
2 .  Audit of data processing. 
In  addi t ion t o  these performance aud i t s ,  it i s  suggested 

that a system aud i t  be conducted as spec i f ied  by the quality 
assurance coordinator. The two performance audi t s  and the system 
aud i t  are described below i n  Subsections 8 .1  and 8.2. 
8.1 Performance Aud i t s  

Performance audi t s  are conducted by the audi tor  t o  quant i ta-  
t i v e l y  assess the qua l i ty  of data produced by the t o t a l  measure- 
ment system (sample co l l ec t ion ,  sample ana lys i s ,  and data pro- 
cess ing) .  Due t o  the limited sizes of most emission-testing 
companies, it i s  recommended t h a t  these audi t s  be performed by 
the responsible control  agency once during every enforcement 
source test ,  regardless of  whether the tests are conducted by 
agency or  p r iva t e  company personnel. A source t e s t  f o r  enforce- 
ment comprises a series of runs a t  one source. 
8.1.1 Audit of  Analysis Phase - An accuracy assessment should be 
made on the ana ly t i ca l  phase by means of a cyl inder  gas a u d i t  as 
follows : 

Audit of  the analysis phase of Method 1 0 .  
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1. Challenge the analyzer with an audit gas of known 
concentration at two points. Audit Point 1 should be within 45 

to 55% of analyzer full span and audit point 2 should be within 
85 to 95% of analyzer full span. 

Use a separate audit gas cylinder for audit points 1 and 2. 
Do not dilute gas from the audit cylinder when challenging the 
analyzer. 

The analyzer should be challenged at each audit point for a 
sufficient period of time to assure adsorption-desorption of the 
system surfaces has stabilized. 

2. Operate each analyzer in its normal sampling mode, 
i.e., pass the audit gas through all filter, scrubbers, con- 
ditioners, and other analyzer components used during normal 
sampling and as much of the sampling probe as is practical. 

3 .  Use audit gases that have been certified by comparison 
to NBS-SRM or gas manufacturer's (CRM) following EPA Traceability 
Protocol No. 1. As an alternative to Protocol No. 1 audit gases, 
CRM may be used directly as audit gases. A list of gas manu- 
facturers t h a t  have prepared approved CRM's is available from EPA 
at the following address: 

U.S. Environmental Protection Agency 
Quality Assurance Division (MD-77) 
Research Triangle Park, N o r t h  Carolina 27711 

At-: List of CRM Manufacturers 

The differences between the actual concentration of the 
audit gas and the concentration indicated by the analyzer is used 
to assess the  percent accuracy (YJ) of the test data as shown in 
Figure 8.1. If the y& f o r  an audit point is not within limits, 
challenge the analyzer with the same concentration to verify the 
response. 

The calculated y& should be within *15%. Results of the 
calculated y& should be included in the enforcement source test 
report as an assessment of accuracy of the analytical phase of 
Method 10 during the actual enforcement source test. 

, f i. 
E ' '  

8 
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Audit cylinder 
cone (CCO)a’ ppm 

- - . I  Analyzer serial number . -  

Analyzer response Percent accuracy, 
(CCO)m‘ PPm 

?? - Remarks 

I 

I 
I 

B L.9 

I I 

Figure 8.1. Example of an audit summary report. 
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I f  t he  audi t  ind ica tes  t h a t  the analyzer is out of t o l e r -  
ance, cor rec t ive  ac t ion  must be taken. 

If  the analysis  i s  t o  be performed i n  the  laboratory ( in t e -  
grated sampling on ly ) ,  t he  above aud i t  procedure can be used for 
a p r e t e s t  aud i t  (op t iona l ) .  

volves reading a s t r i p  cha r t  record,  ca l cu la t ing  an average, and 
t ranscr ib ing  o r  recording it. The data  thus obtained can be com- 
pared t o  the c a l i b r a t i o n  curve as an independent check of t he  
e n t i r e  da ta  reduction process o r ,  the  aud i t  may be accomplished 
by providing the laboratory team with s p e c i f i c  data (exact ly  as 
would occur i n  the f i e l d )  and requesting t h a t  copies of the data 
reduction be returned t o  t h e  evaluator .  

When a difference between the o r i g i n a l s  and the  audi t s  on 
data reduction and ca lcu la t ions  exceeds round-off e r r o r ,  a l l  data 
froxi the  source t e s t  should be checked, and the errors should be 

c l e a r l y  explained t o  the team t o  prevent o r  minimize reoccur- 
rences. 
8 . 2  System Audit 

A system audi t  is an on-si te  q u a l i t a t i v e  inspect ion and 
review of the qua l i ty  assurance activit$es used by the tes t  team 
to evaluate t h e  t o t a l  measurement system (sample co l lec t ion ,  
sample ana lys i s ,  da ta  processing, e t c . ) .  I n i t i a l l y ,  a system 
a u d i t  spec i f ied  by. a qua l i t y  assurance coordinator should be 
conducted fop: each enforcement Source t es t ,  which by de f in i t i on  
comprises t h ree  runs a t  one source. After t he  team gains experi- 
ence, the frequency of  aud i t  may be reduced--for example, t o  once 

8.1.2 A u d i t  of Data Processing - The data  reduction process in- 

~ 

every four tests.  
The audi tor  ( i . e . ,  the  person performing the  system a u d i t )  

should have extensive background experience 
and more s p e c i f i c a l l y ,  w i t h  the  measurement 
auditing. The functions of the audi tor  a r e  
following: 

during sample co l l ec t ion .  
1. Observe procedures and techniques 

i n  source sampling 
system tha t  he i s  
summarized i n  the 

of the f i e l d  team ' 
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2 .  Check/verify the records s f  apparatus ca l ib ra t ion  and 
the  qua l i t y  control  char t s  used i n  the laboratory analysis .  

3 .  Record the  resul ts  of the  aud i t  and forward them w i t h  
comments on source team management t o  the qua l i ty  assurance 
coordinator so t h a t  any needed cor rec t ive  act ions may be imple- 
mented. 

The audi tor  should observe the f i e l d  team's overal-1 perform- 
ance o f  the source test .  Spec i f ic  operations t o  observe should 
include, b u t  not  be l imi t ed  to:  

11. 
2. 
3 .  Purging of sampling t r a i n .  
4. 

5 .  Sample recovery and preparat ions f o r  shipment, if 
applicable.  

Se t t i ng  up and leak t e s t i n g  t h e  sampling t r a i n .  
Use of proper zero and span gases. 

sampling r a t e  (constant  o r  proportional ) . 

- -  

Figure 8 . 2  i s  a suggested check l i s t  form f o r  use by the  
a u d i t o r  i n  developing h i s h e r  own l i s t  of important techniques/ 
s t eps  t o  observe. 



- 

no 
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comment 

GENERAL COMMENTS: 

~~~ 

OPERATION 

Presampling Preparations 

1. Knowledge of process conditions 
2 -  Traceability of calibration gas 

established 
3 .  Calibration of pertinent equipment, 

in particular, t h e  NDIR 

On-Site Measurements 

4. Leak test of sampling train 
5. NDIR warmup per manufacturer's 

recommendations 
6. Purging the train prior to sampling 
7 .  Proportional sampling 
8 .  Frequency of zero and span checks 
9. Drying agents checked and replaced 

frequently 

Postsampling 

10. 
11. Data .reduction procedure/check 
12. Calibration checks 

Transfer and handling of sample 

Figure 8 . 2 .  Method 10 checklist to be used by auditors. 



A u d i t  

Pe r f o rmance 
A u d i t  - 

Analysis phase 

- -  Data processi ng 

System Audi t  

Observance o f  
techniques 
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TABLE 8.1. ACTIVITY MATRIX F O R  AUDITING PROCEDURES 

Acceptance l imi t s  

( C  1 
0.85 < (1.15 

(CCO)m = analyzer re- 
sponse, PPm, 

( C C O ) a  = concentration 
of audi t cyl i n -  
der ,  PPm 

Original and check re- 
s u l t s  agree w i t h i n  
roundoff  e r ro r  

Operation technique as 
described i n  t h i s  sec- 
t ion  of the Handbook 

Frequency and method 
of measurement 

Once d u r i n g  every 
source test,mea- 
sure reference 
sample and compare 
t o  the t rue  value 

Once d u r i n g  every 
source t e s t ;  perform 
independent data 
reduction and ca l -  
culations 

Once during every 
source t e s t  unt i l  
experience gained, 
and then, every 
f o u r t h  t e s t ,  observe 
techniques; use 
audi t  check1 i s t  
(F ig  8 . 2 )  

Action i f  
requi rements 
are  n o t  met 

Review opera- 
t i ng  and Cali- 
brat i  on tech- 
niquedproce- 
dures 

Check and 
correct  a l l  
data for  the 
t e s t  s e r i e s  

Explain t o  
team any 
deviations 
from recom- 
mended tech- 
niques ; record 
data and com- 
ments on F i g  8 . 2  
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9 . 0  RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY 

To achieve da ta  of  desired qua l i t y ,  two considerations a r e  
necessary: 

1. The measurement process must be i n  a s t a t e  of s t a t i s t i -  
c a l  control .  

2 .  T h e  systematic e r r o r s ,  when combined w i t h  the  random 
va r i a t ions  ( e r r o r s  of measurement), must r e s u l t  i n  a su i t ab ly  
small uncertainty.  

To ensure good da ta ,  it i s  necessary t o  perform qual i ty  control  
checks and independent audi t s  of the  measurement process; t o  
document the data  by qua l i t y  cont ro l  char t s  ( a s  appropriate) ;  and 
t o  use mater ia l s ,  instruments, and procedures which can be traced 
t o  a standard o f  reference.  

The working ca l ib ra t ion  standards should be traceable t o  
primary o r  higher level standards such as the two l is ted below. 

1. A w e t  test meter (2-a/min capaci ty)  with a il% accuracy 
v e r i f i e d  by l i q u i d  displacement, as  described i n  Section 3.8.2. 

2.  NBS-SRM and gas manufacturers CRM gases a r e  considered 
primary standards. 

9 .1  Traceabi l i ty  Protocol for Establ ishing True Concentration of 
CO Gases used for Calibrat ion and A u d i t  

The t r a c e a b i l i t y  protocol described i n  this sec t ion  is  
intended t o  minimize systematic and random errors  during the 
analysis  of c a l i b r a t i o n  and aud i t  gas standards and t o  e s t ab l i sh  
the t r u e  concentrations by m e a n s  of National Bureau of Standards, 
Standard Reference Materials (NBS-SRM' s )  o r  c e r t i f i e d  reference 
mater ia ls  o r  o ther  NBS t raceable  gases. 

Performance standards promulgated3 by the U .  S . Environ- 
mental Protect ion Agency (USEPA) f o r  s ta t ionary  sources require  
continuous monitoring systems f o r  spec i f ied  pol lu tan ts .  Extrac- 
t i v e  continuous monitoring systems f o r  gaseous pol lu tan ts  must be 
ca l ib ra t ed  and audited using gas standards t h a t  a re  accurate and . 

, 
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stable. Traceability requires direct comparisons between the 
calibration and audit gas standards and either an NBS-SRM or a 
certified reference material or a gas manufacturer's primary 
standard ( G M P S )  which is referenced to an NBS-SRM. All compari- 
sons are made using an instrument calibrated with applicable 
NBS-SRM's. Traceability must be performed by the gas standard 
manufacturer at the time of purchase; reanalysis to verify trace- 
ability may be performed by the gas standard manufacturer or by 
the user. 

9.2 Establishing Traceability of Commercial Cylinder Gases to 
NBS-SRM Cylinder Gases 

The following procedures f o r  periodic multipoint calibra- 
tions and daily instrument span checks are prescribed to minimize 
systematic errors. Separate procedures for instrument span 
checks are described for linear and nonlinear instruments. To be 
linear, the difference between the concentrations indicated by 
t h e  calibration curve and the straight line drawn from the point 
determined by the zero gas to the highest point determined by 
calibration must not exceed 2% of full scale at any point on the  
curve. A list of NBS-SRM CO cylinder gases recommended for 
traceability of commercial cylinder gases is shown in Table 9.1. 

- 

TABLE 9 .1 .  NBS-SRM CARBON MONOXIDE (CO) GASES A V A I L A B L E  
FOR T R A C E A B I L I T Y  AND A U D I T  OF CO GAS STANDARDS 
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9.2.1 Multipoint Calibration - A multipoint calibration curve 
should be prepared monthly by using two SRM cylinder gases and 
the zero gas. The zero gas must contain - ~0.2% of the full-scale 
free of any impurity that will cause a response on the analytical 
instrument. 

Multipoint calibration is accomplished by using a calibra- 
tion flow system to dilute the SRM of highest concentration with 

concentration of the component being analyzed, and it must be 

the zero gas. 

1. Read the responses for six points displaced from 0 to 
100% of the instrument's full scale. 

2. Plot the data, and draw t h e  calibration curve. 
3 .  Read the response for the SRM of lower concentration 

Compare the apparent concentrations from the  calibra- 
without dilution. 

tion curve to the true concentration of the lower S W .  
4.  

Note: If 

9.2.2 Instrument Span Check for Linear Responses - The span 
check should be performed at the start of each day that cylinder 
gases are to be analyzed. 

1. Read the instrument's response to the highest SRM (or 
GMPS) in the range to be used and check the response to the zero 
gas. 

Adjust the response to the value obtained in the most 
recent multipoint calibration, and proceed to Subsection 9.3. 
Note: - Cylinder gases analyzed with a linear instrument must not 
have a concentration >15% above the highest available SI4.M concen- 
tration. 

2 .  

9.2.3 Instrument S p a n  Check for Nonlinear-Response - The span 
check should be performed at the start of each day that cylinder 
gases are to be analyzed. G, ). 5- 
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1. Read the instrument's responses to two SW's (Or 

GMPS's) in the range of calibration gases to be analyzed, and 
check responses to zero gas. 

Set the instrument's zero with the zero gas, and adjust 
its response to the highest SRM (or G M P S )  to the value obtained 
in the most recent multipoint calibration. 

3 .  Read the response to the lower SRM (or GMPS). Note: 
If the response to the lower SRM (or GMPS) varies by >3% from the 
response in the most recent multipoint calibration, a full multi- 
point calibration must be performed (Subsection 9.2.1); other- 
wise, proceed to Subsection 9.3. Calibration gases analyzed with 
a nonlinear instrument must not have a concentration greater than 

2 .  

the highest available SRM concentration. 

,9 .3 Determininq True Concentrations of Cylinder Gases 

Direct comparison of the cylinder gas to an SRM (or GMPS) 
should compensate for variations in instrument responses between 
the daily span check and the analyses; significant variations in 
responses often result from changes in room temperature, line 
voltage, and so forth. Analyses in this procedure should be per- 
formed in triplicate (3 pairs) to expose erroneous data points 
and excessive random variations in instrument responses. 

After the gas cylinder has been filled, wait a minimum of 4 
days before beginning the following procedure. If ,necessary, 
adjust the instrument span prior to the analyses, but do not 
adjust it during the triplicate analyses. 

1. Compare each cylinder gas directly with the nearest SRM 
(or GMPS) by taking alternate readings of the SRM and calibration 
gas responses in triplicate. - Note: The response to zero gas 

must be read frequently so that the change in successive zero 
responses are not >1% of f u l l  scale. 

2. For each of the six readings, determine the apparent 
concentration of the SRM (or G M P S )  or cylinder gas by referring 
to the calibration curve.  
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3 .  For each pair of readings--one SRM (or GMPS)  and one 
cylinder gas, calculate the true concentration of the cylinder 
gas by using Equation 9-1: 
True conc of cyl gas = 

Equation 9-1 

4.  Determine the mean of the three values to get the true 
concentration of the cylinder gas. Note: If any one of the 
three values differs from the mean by >1.§%, discard the data, 
reset the instrument span (if necessary), and repeat steps 1 
through 4. 

9.4 Usinq Gas Manufacturer's Primary Standards 

Gas manufacturer's primary standards ( G M P S )  are gas mixtures 
prepared in pressurized containers and analyzed against SRM 

cylinder gases. Using GMPS's instead of 
conserve SR" s where large quantities of 
analyzed. A GMPS may be used for instrument 
tions 9.2.2 and 9.2.3) and for cylinder gas 
9.3) if the following conditions are met. 

S M ' s  will help to 
cylinder gases are 
span checks (Subsec- 
analyses (Subsection 

1. A GFES must have been analyzed against SRM cylinder 
gases as described in Subsections 9.2 and 9.3 within 30 days of 
their use for cylinder gas analysis, and should be compared on 
t h e  days that instrument multipoint calibrations are performed. 

2. A GlalpS must not have changed in concentration by >1% 
per mo (average) for the 3-mo period prior to use for cylinder 
gas analysis. 

In no case may a GMPS be substituted for an SRM in multipoint 
calibrations (Subsection 9.2.1). 

9.5 Verifing Cylinder Gas Stability 

The stability of each cyl inder  gas should be verified by a 

second set of triplicate analyses (using the procedure i n  Subsec- 
tion 9.3) a minimum of 7 days after the first set of triplicate 

f i i L d  
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analyses. The mean of the second triplicate analyses must not 
differ from the mean of the first triplicate analysis by > l . 5 % .  

9.6 Reanalyzing Cylinder Gases 

Either the gas manufacturer or the user must reanalyze the 
cylinder gas every 6 mo from the last analysis date by the pro- 
cedure in Subsection 9.3. Cylinder gases used for audits may 
need to be analyzed more often than every 6 mo. 

9.7 Minimum Cylinder Pressure 

No cylinder gas with pressure ~ 2 0 0  psi, as shown by the 
cylinder gas regulator gauge, should be used. 

9.8 Labelinq the Cylinder and Preparing the Analysis Report 

Each gas cylinder should have the following minimum trace- 
ability information either on a gummed label affixed to the ' 

cylinder wall and/or on a tag attached to the cylinder valve: 

1. Cylinder number. 
2 .  Mean concentration of cylinder gas, ppm or mol%. 
3. Balance gas used. 
4 .  Last analyiis date. 
5. Expiration date (6 mo after last analysis date for 

reactive gases, and 12 mo after for diluent gases). 

A written analysis report certifying that the cylinder gas 
has been analyzed according to the protocol described in this 
section should contain the following information: 

1. Cylinder number. 
2 .  Mean concentration of cylinder gas 

last analysis date. 
3 .  Replicate analysis data. 
4. Balance gas used. 
5. Numbers of NBS-SRM1s used. 
6. Analytical principle used. 
7 .  Last analysis date. 

or on 



Section No. 3.8.9 
Revision No. 0 
Date January 4 ,  1982 
Page 7 of 7 

The user should maintain a file o f  all analysis reports for 3 yr. 

9.9 Conducting Performance Audits 

The USEPA will initiate a national performance audit program 
of cylinder gases prepared by this protocol. Cylinder gases 

prepared following the protocol will be obtained (directly or 
indirectly) by the USEPA and analyzed in their laboratory f o r  
accuracy compared to the gas manufacturer's reported concentra- 
tion. 
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10. o REFERENCE METHOD= 
MFInon ~~--DCTCRWW.TION 01 CAMON hlox- 

OXIDE &USSlONl T S O X  STATXONAUT SOmCm 

1. Principle and Appfrcabi l f ty .  
1.1 Principle. hn integrated or contiauour b &Just now rat+. 

633 VaIvc. Neodb valve, or eqamlant. to 

g u  sample 1s extracted from a sampllng polot b3.4 Pump. kak-free diaphragm type, or 
and U o l F e d  for carbon monoxide (GO) coo- wpiyslent, to transport gak 
tent  Using B Luff-type nondl$persive i d r a -  62.5 Rate meter. Rctamet4r. or equlvolmt.  
red rrualgzer (NDIR) or equlvaleut. ta mwure a now rango from o to 1.0 ~tu 
cnb!e :or the determIn3tton 0.' carbon moo- 63.8 p m b a  bag. Tedlar. Or e q U W ~ ~ W  
ovlde emhlonr from ~a:iomv sources only wlpftb aPaCitp Of 60 to 90 Uteri (1 to S 1% '1. 

clotermlnlng co.mplirt~ce wi th  new SouTce by e v ~ ~ ~ g  *th 6 P U P  101- 
p e r l o m a c e  rtandardt: n o  k r t  procedwo b a e d  by a arP eM meter. m e n  . 1 . o U ~ t i o ~  
vlll lndl-k whether IC conttn\to\ts * or ~p -0uOh 
Inhgrotrd romp10 id to be used. t h o  meter. 

1.2 Applicabitity. This method i s  app1,ll- pF (0.035 elm). 

whoa SpWcl5ed by the tost proerdura $0: b a - b b t  bag tb0 bbOrbMW before 

mmPle% there aould be a0 

2. R8ngU and smsftlr*fty. 
2.1 Rorrpc. 0 to 1.000 ppm. 
2.2 SanJitislty. Xlalrnum detectable con- 

ccncntion ia  zo ppm for a o 3 1.000 ppm 
spa. 

3. Interferuncer. Any aub8LAnce lravhg L 
strong absorption of lnfnrrd e n a m  all1 
interfere to aomo sxtcot. For srrmple. din- 
crlnrlnitloa rrtlor for wstw (X.0) and CK- 
bon droxlde (CO.) ore 3.5 pcrient €I-0 >er 

CO. rerpecttvely. for devlebs nrlirunng la rSo 
1,503 to 3,030 ppm range. For devlcecrr m a w  
urlng Fn t h o  0 to lo0 ppm range, lnterferenco 
ratloa oaa be M high .I 3.b percent 8.0 
9b ppm CO uad i0 percent CO, per b6 ppnr 
00. Tbr  uw of rllica gel 8nd wuiu trapr 
WXI rllevl8tr the major &ntsrlerarru prob- 
trmr T h o  mcMured gm volume mrut b4 
aorractad it thew tap.  are UHd 

+. Ractrian and acurocy. 
4.1 PracWon. The precirion of moat XDm 

Uma lm approximably 2 2  porwnt of 
rp.e 

43 ~ c e u r w .  m a  .ccury of mort mm 
rprn dtsr  allbratioa, 

7 ppin co ond io  percent co. per iO ppm q w w .  cwlwmmll*& 

Uv k 8pprOXiXkUh~Y &6 p W t  Of 

6. Apparatus. 
6.1 COntinvOud ramp& (Figure 10-1). 
6.1.1 Probe. 8t.lalem rbrl or nheathed 

Pyrex 1 g l w ,  equipped with a dlCr to remove 
particulate matter. 
6.13 Air-cooled condenser OT equivalent. 6.2.7 Pfto: tube. Type 8, or OqulVaknt, at- 

To remove m y  excesa moisture. t6chd u) the  probe ao thrt  the r a ~ p l l n g  
a 3  Intcprated sump& ( F I ~ U O  10-2). rbce can be regulated proponlonbl to t h e  
6.2.1 Probe. S t a i n l e ~  rttel or &eatbed rtuk gaa veloclty when vcloclty l.6 Varying 

Pyrex g h ,  equlpped with a dlwr to mmove with tho time or a fample traverse Ir con- 
puticulata matter. dwted. 

01.2 Afr-cooled condcnser w equivalent. 
To remove any U c a @  molatwe. 

t b u a  IU. w*nw Y-lY H*. 

53 Analysis (Flgure 10-3). 

a Mentioa of trade names or rpecidc prod- 
ucts doer not Constirute enCoraernent by t9. 
Env!r-ntal Protection Agency. 

'Taken from Federal Register, Pro tec t ion  of 
Environment, Parts 50-69, page 790-792, 
July 1, 1975. 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 10 rather than the method presented.
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69.1 Carbon manozide analyta. Nondbper- 
aloe infrared spectrometer. or equivahnt. 
Thir ilutrunrent should be demmstrsted, 
preferbbly by the maariibcturer. to rneot or 
exceed m.nuiacturer's rprcldcutionr sad 
tbme dssufbad la tU method. 

r ~ t e l y  200 g of rlllcr, gel. 

6.1. 

ounufbctuter. 

rnntely SO0 g of oaurlte. 

gel tubes. 

Adjust now rate 

rnie (0.036 cfm) through NDIR 

mbnent record of NDm read&ga 

633 Drying tube. T O  aontbln bpp?OXb 

6a.s Caaibratlon gw. W e r  to W W b p h  

63.4 Filter. k rocomrrundd by NDPL 

63.6 00, removal tube. To contab bpproxi- 

63.6 Ice roarer both. For M w t e  and silica 

bid.? Valve. Needle valve, or equivblent, to 

63.6 Rate meta. Rotornetor or equivrlent 

13.9 Recorder (optional). To prorldo p a -  

8. Reagent& 

to mtuwe g u  now r ~ w  0: o to 1.0 u . ~  ~ O Z  

7.1.1 Continuow mmplinp. &t up the  
equipment Y ahovrr ln Plgure 10-1 U i n g  
r u e  Ui ConnecUopl uo leak froe. PI- tbr 
probe in t h e  6hCk bt  b SbBlplhg pObt bad 
purgr the rempllag llne: caxmeet the me 
lywr rrrd bagla drawing umpls into tho 
PnblYMr. Allow 6 ralnutar for the syabm 
to stabllb,  then record t h e  bnblyzar read; 
ing n required by the test procbdure. (see 
f 7 9  and 8 ) .  co, cement or the g u  m y  k 
detuPrlned by US- t h e  Method a lnb- 
pbted aernple procedure (36 FR 24886). or 
by welghing the 86c~rite CO, removbl tUb6 
sad computlng CO, concentrbrlon from the' 
gas volume s a ~ p I e d  and tho weight gbln 
of t h e  tube. 

7.19 Integrated samplfng. Evbcurte the 
flexible b-. Set up the equipment u a h o ~  . 
in FLgurr 1&2 with t h e  bsg disconnected 
Place t h e  probe in the stuck and purgo tho 
aa~pl ing  llne. Connect the bbg, mbkiag our0 
that all connections *re loak free. Ssmple at  
s rate proportional to the d k X  velocity. 
CO, content of the  gad mby be deternunod 
by using the Method 3 integrated umple 
procedure6 (38 PR 24886). 0: by welghlne 
the rscarite CO, removal tube tuid ccmpuc 
lng CO, concatration from the ges volume 
rampled M d  t h e  weigbt g a b  Of fbe tUh+ 

Dlrect t h e  sample atream through the isstru- 
meat for the test period. record- tbs read- 
lngr. Check the  eero and span again &tar the 
t a t  to b a u e  thst m y  drift or malfunction 
b detect&. Record the somple dau on Table 
10-1. 

8. Cdibrutfa.  A66omblo the SppbrbtuS b0- 
cording to pime 10-3. Ganerrdly an Witna- 
mcnt requires s wlrm-up period before m u -  
b U 1 g  is obtained. Follow the tzunufucturer'c 
l a r k u c t l o ~  for rprcfie procedure. Alow b 
mintmum time 02 one hour for aum-up. 

tlonirsg appuotua, 1.0, Ptsr, condanmr, w- 
lag tube, md O G  rrmorJ tube, to onsure 
thbt uch component is  la good operutlag. 

rooording to tb. mmul.Ctur.r'~ proadutcu 

tion g w k  

d i e a d  &ta 

DWlw fhlr  t-0 C b d  the 88mpk oondl- 

COadlSla ar0 U M  a l l b n W  tho mtrU3OBt 

U B a .  m t i r d f ,  a W O B  .od tbr &h 

C-.r..lr=C~IIDIB(1- F W )  equation Wl 
where: 

~CO,~..lr=concentration of CO ln stack, ppm by volume (e beeis). 

CCoNIDR=concentration of CO meesured by ZI'DIR nadyw, ppm by volume 
basis). 

. 1  

I '  

' 
' I  ' 

Foq-volume fractlon of C08 in ~ a m p l ~ ,  te . ,  percent c 0 8  b r a  Onrt roslpdr 
divided by 100. 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 10 rather than the method presented.
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B. Dqlnitfonr of Pefonnancr Spcclpca- 
tiom. 

Range-The mlnlmum and mxlrnum 
meaaurement llmlts. 

Output-Elatrical algnp1 which ia pro?or- 
tlonal to t h e  me.aurement: lntcndad for con- 
nection to readout or data prownlng d0vlc.r. 
Usually expresaed aa mllllvoltd or mllllampr 
full r s l e  at a given fmpedanco. 

Pull scafe-The maximum measuring limit 
¶or a given range. 

Minimum detectable senritiutty--?be 
pmallest &mount of input tancentratlon that 
up be detoctsd Y tho concentzstlon ap- 

AarrrracLtTho dugroe of agrwmmt bo- 
tween a mwrured value md tho m e  value: 
-ally oxpnucd Y f percont ol full -10. 

Time to 00 percent ruporw-Tbe t h e  la- 
tarnal from a ~tsp ehanp la the input con- 
centration a t  th. Lrytrument lnlet to a mod- 
fng of 00 percent al the ultlnut. recorded 
aoncentratlon. 

Rue Tame (90 psromt)-Tbe interp.l be- 
tween inttlal rcsponr tlme and tlme ta 90 
percent response after a step increase In the 
lnlet concentration. 

Fall Time (90  percent)-The lnferral be- 
tween lnlrlsi response t ime and time to 00 
percent response aftor a step decrease ln the 
inlet concentration. 
Zero Drilt--’Che change in instrument out- 

put over a erated time perlod. urually 24 
hours. of unadjusted continuour operation 
when the lnput COnCentntlOn 1s ram: urublly 
expresaed M perwmt full Male. 

Span Dvilt-Thc ch8np in lnrtrument out- 
put over a stated tlme perlod, uruaUy 24 
h o w  of unrdjuatad ecwtlnuoua operatlon 
when the @put ooncentratlon Is stated 
upscale value; urrullj exprmmd u porcent 
full acale. 

Precbio-lTm degree of agnbmant be- 
tween repeated meprunrnants of the w e  
concentration, exprewd M the averwe de- 
riation of the ringle reaultd from the meba. 

Noue-Spontaneour deoktloM from 
mean output not cauaed by lnput concen- 
tration changes. 

Linearity-The mulmum deolatlon be- 
tween an actual trutnunent readlng urd tha 
rordlng predicted bj L rtralght Ilne dram 

prorchOS Zero. 

b.tUOOiD U p p U  lOWU Wdwm m u .  

jli’ 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 10 rather than the method presented.
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1 2 . 0  DATA FORMS 

Blank data forms with ident i fy ing  t i t l e s  are included here  
f o r  the  convenience of the  handbook user.  N o  page-top documenta- 

t i o n  i s  given in t he  right-hand corners of  these forms, a s  it is 
on a l l  other  pages of this CO method descr ipt ion.  Instead t o  
help the  u s e r  f i nd  a corresponding form i n  the  t e x t ,  a number 
(Form M10-1.3) is given i n  t h e  lower right-hand corner t o  iden- 
t i f y  the sec t ion  number ( I )  and the f igure  number ( 3 )  of t h e  
Method 10 (M10) Handbook. Future revisions of t h i s  form, i f  
any, w i l l  be documented by 1.3A, 1 . 3 B ,  and so fo r th .  The four i n  

the Method Highlights subsection a r e  shown by the  MH following 
the form numbers below. 

Form 
1.3 
2.2 
2.4A & 2.4B 

- 

2 . 8  

3.1 (MH) 
3-2 (MH) 
4.2 

4.3 

4.4 ( M H )  
5-1 ( M H )  
6.1 
8.1 
8 . 2  

T i t l e  
Procurement Log 
W e t  T e s t  Meter Calibration Log 
Rotameter Cal ibrat ion Data Form 
(English and Metric Uni t s )  
Cal ibrat ion Verif icat ion Record Chart 
Pretest Sampling Checks 
P r e t e s t  Preparations 
F ie ld  Sampling Data Form f o r  CO 
(Continuous Sample) 
F ie ld  Sampling Data Form fo r  CO 
( In tegra ted  Sample) 
On-Site Measurements C h e c k l i s t  
P o s t t e s t  Sampling Checks 
Carbon Monoxide Calculation Form 
Audit Summary Report 

- 

Method 10 Checklist To Be Used by 
Auditars 



Purchase 
order 

number 

PROCUREMENT LOG 

Vendor 
Di 

Ordered 
e 

Received 

Qua1 i ty  

cost 

- 

D i  spo- 
s i t i o n  Comments 

ssurance Handbook M10-1.3 



WET TEST METER CALIBRATION LOG 

Wet test meter serial number Date 

Wet test meter flow range Calibrated by 

Volume of test flask, Vs a 

Satisfactory leak check 

Liquid in wet test meter and reservoir allowed to equilibrate with ambient temperature 

Manometeg 
reading, 

number mm H20 
I 

Perceng 
error, 

% 

Must be (10 mm ( 0 . 4  in.) H20. a 

b .vm = Vf - vi. 

, not to exceed *l%. c;< error = 100 (vm - vS)/vs - - 
Signature of calibration person --\ 

\ 
kLi 

- r  
Quality Assurance Handbook M1Q-2.2 



ROTAMETER CALIBRATION DATA FORM (English Units) 

Rotameter s e r i a l  number Wet tes t  meter number 
Location Date 
Barometric pressure, PB i n .  Hg Calibrated by 

Rs = rotameter s e t t i ng ,  ft3/min (e.  g . ,  0.009, 0.018, 0.027) 
0 = t i m e  of ca l ibra t ion  run,  min 

= temperature of the  gas i n  w e t  test  meter, OF tw 
Dm = pressure drop on the  w e t  t e s t  meter, i n .  H20 ( a  negative number i f  ca l ibra ted  

as i n  Figure 2.3) 
Vw = gas volume passing through w e t  test meter, f t3  
Vr = gas volume passing through the  rotameter corrected to STP, ft3 
Q, = flow r a t e  through rotameter, corrected t o  STP, ft3/min 
ts = standard temperature, 68'F 
Ps = standard pressure, 29 .92  i n .  Hg 

Vw(PB + Dm/13.6) (ts + 460) 
vg - (tw + 460) Ps (tw + 460) 

1 7 . 6 5 v w ( P B  + Dm/13.6) - - - = f t3  a t  STP. 

- ft3/min a t  STP. - 'r Q,--- 9 
r' 
-2- 

\ 

3 ,  K. 
r;, Quali ty  Assurance'Handbook M10-2.4A 



ROTAMETER CALIBRATION DATA FORM (Metric Uni t s )  

1 

Rotameter s e r i a l  number W e t  tes t  meter number 
Location D a t e  

mm Hg Calibrated by pB Barometric pressure,  

Rs = rotameter s e t t i n g ,  &/min (e .g . r  0, 0.50, 0 . 7 5 )  

8 = t i m e  of c a l i b r a t i o n  run, min 
= temperature of the gas i n  the tes t  meter, OC 

tW 
Dm = pressure drop on the wet t e s t  meter, mm H20 ( a  negat ive number i f  c a l i b r a t e d  

as in Figure 2.3) 
Vw = gas volume passing through w e t  test  meter, 9 

Vr = gas volume passing through the  rotameter cor rec ted  to STP, 
Qs = flow r a t e  through rotameter ,  Corrected t o  STP, J2/min 
ts = standard temperature, 2OPC 

Ps = standard pressure,  760 nun H g  

Vw(PB + Dm/13.6)  (ts + 273) 0.386 Vw (P, + Dm/13.6)  
- - = 2 at STP. - 

(t, + 273) 
S 

vr - (tw + 273) P 

Quali ty  Assurance Handbook M10-2.4B 



CALIBRATION VERIFICATION RECORD CHART 
Location Operator 

Time 
Test 

number 

Quality Assurance Handbook M10-2.8 



FIELD SAMPLING DATA FORM FOR CO 

Plant name Date 
sample location 
Barometric pressure, mm (in.) Hg 
Ambient temperature, OC ( O F )  Stack temperature, O C  ( O F )  

I n t i t a l  leak check Final leak check 
Operator 

ppm (dry basis) Comments 

* I, 1 I I 

Quality Assurance Handbook M10-4.2 , 



FIELD SAMPLING DATA FORM FOR CO 

. 

P l a n t  name Date 
Sample locat ion 
Barometric pressure, mm ( i n . )  H g  
Ambient temperature, OC (OF) Stack temperature, OC (OF) 
I n i t i a l  leak check Final leak check 
Operator 

min 

-_ 
Rotameter co 

Velocity head sett ing,  conc, ppm co2 I 
(LIPs), mm ( i n . )  H20 l/min (ft3/min) (dry b a s i s )  % 

Quality Assurance Handbook M10-4.3 



Plant 

CARBON MONOXIDE CALCULATION 

Date 

FORM 

sample location 

Test number 

Bag number 

Operator 

CO Concentration 

C 
“NDIR 

CCQstack = C “NDIR (1 - FC02). 

Errors  : 

Quality Assurance Handbook M10-6.1 



AUDIT SUMMARY REPORT 

Audit cylinder 
cone ( C C O ) a /  ppm 

Tester Source 

Analyzer Range 

Analyzer s e r i a l  number 

Auditor Date 

Cylinder I D  Concentration 

Analyzer response Percent accuracy, 
(CCO)m' PPm ( Y J L  %* 

Remarks 

1 I 

Quali ty Assurance Handbook M10-8.1 



METHOD 10 CHECKLIST TO BE USED BY AUDITORS 

no comment 

OPERATION 

1. 
2 .  

3 .  

Presampling Preparations 

Knowledge of process conditions 
Traceability of calibration gas 
established 
Calibration of pertinent equipment, 
in particular, the NDIR 

On-Site Measurements 

4. Leak test of sampling train 
5 .  NDIR warmup per manufacturer's 

recommendations 
6. Purging the train prior to sampling 
7. Proportional sampling 
8 .  Frequency of zero and span checks 
9. Drying agents checked and replaced 

frequently 

Posts  amplinq 

10. 
11. Data reduction procedure/check 
12. Calibration checks 

Transfer and handling of sample 

GENERAL COMMENTS: 

Quality Assurance Handbook M10-8.2 

? .  -'\, 




