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U. S. ARMY ENV~~ONMENTAL HYGIENE AGENCY

~JSAEHA-EA ~$ JUL W’2

AIR POLLUTION ENGINEERING SOURCE SAMPLING SURVEY NO. 99-6-72
ACCEPTANCE TEST OF TDS DUNNAC,E INCINERATOR

TOOFLE ARMY DEPOT
TOOELE, UTAH

10 MARCH 1972

ABSTRACT

An air pollution engineering source sampling survey was conducted at
Tooele Army Depot to evaluate particulate and visible emissions from
the TDS dunnage incinerator with respect to standards of 0.2 gr/scf
and No. 1 Ringlemafln . The waste charging rate was 500 lb/hr. The
measured particulate emissions for the two requited test runs were
0.113 and 0.190 gr/acf .  The observed visible emission was essentially
zero on the Ringleinann Scale .
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DEPARTMENT OF THE ARMY
• ~~~~ ~~ U S. A RMY ENVIRONMENTAL HYGIENE AGENCY
• EDGEWOOD A RSENAL, MARYLAND 21010

USAE HA—EA

AIR POLLUTION ENGINEERING SOURCE SAMPLING SI ’RVrY NO. 9~ —6 — 7 2
ACCEPTANCE TEST OF TDS DUNNAGE INCINERATOR

TOOELE ARMY DEPOT
TOOELE, UTAIT
10 MARCh 1972

1. REFERENCE. AR 11—21, Environmental Pollution Abatement, 3 November 1967.

2. PURPOSE. To evaluate particulate and visible emissions from the
Transportable Disposal System (TDS) dunnage incinerator at a dunnage
charging rate of 500 lb/hr with respect to standards of 0.2 grain per
standard cubic foot (gr/scf) and No. 1 Ringler*ann cited in paragraph
1—7 , AR 11—21.

3. BACKGROUND.

a. Transportable Disposal S1~~em . The TDS is a complex of four
incinerators and support facilities designed for the disposal of chemical
agents and chemical agent—filled munitions. The four incinerators are
an agent incinerator for the disposal of GB, VX , and mustard : a de—
activation incinerator for the disposal of munitions after removal of the
chemical agent: a metal parts incinerator for decontamination of metal
parts , containers, ete: and a dunnage incinerator for disnosal of wood
dunnage.

b. Dunnage Incinerator. The dunnage incinerator was desic’ned and
fabricated by Wasteco Incorporated , Tigard , flrec’on , to incinerate wood
dunnage at a rate of 500 lb/hr. It has pririarv , nixint~. and secondary
chambers: a 500,000 Btu/hr No. 2 fuel oil-fired burner in the prlriarv
chamber for preheating and ignition of waste: two temperature controlled
550,000 Btufhr No. 2 fuel oil—fired burners in the mtxin~’ chamber: and a
spray—impingement type water scrubber. The induced draft fan is located
at the base of a fiberglass stack with an inside diameter of 17.S inches
and an overall length of 17 feet.

- -~ 2~~~
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Acceptance Test of TDS Dunnage Incinerator , Tooele AD , Utah,
10 Mar 72

c. Air Pollution Standards and Acceptance Criteria.

(1) Department of the Army facilities are required to comply with
the most stringent air pollution standards prescribed by either AR 11—21
or other Federal authority or by the applicable state or local authority.
The applicable emission standards for operation of the dunuage incinerator
in Utah are:

(a) The particulate emission of 0.2 gr/acf of dry flue gas corrected
to 12 percent co2, excluding the CO2 contributed by auxiliary fuel, cited
in paragraph L—7e(2), AR 11—21. The standard conditions are 70°F and
one atmosphere pressure.

(b) The visible emission of 20 percent opacity (No. 1 Ringleinann) or
less which is not to be exceeded for more than three minutes in any one
hour cited in paragraph 1—7a(1)(a), AR 11—21.

(2) Utah does not have a particulate emission standard for
incinerators and its visible emission standard is equivalent to the one
in AR ll_2l.1

(3) Particulate is defined as any material, except uncombined water ,
which is suspended in a gas stream as a liquid or solid at standard con-
ditions of 70°F and one atmosphere pressure, whose emission is evaluated
using sampling and analytical methods prescribed for testing incinerators
at Federal facilities.2

4. DISCUSSION .

a. Test Methods. The sampling and analytical methods used were
identical to those specified for evaluation of incinerators at Federal
Facilities 2 with the exception that carbon dioxide, oxygen , nitrogen,

1 “Code of Air Conservation Regulations,” Utah State Board of Health,
24 January 1972.

2 “Specifications for Incinerator Testing at Federal Facilities,” USPHS
Publication (Oct 67) and Addendian thereto (Dec 6 T) ~ DHEW.

2



:~~ 
‘
~~~~
‘

~~~~~~~~~~ - ~ ~~~T’T ~~~~~- -

USAEHA-EA Air Pollution Engr Source Sampling Surv No. 99—6-72 ,
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and carbon monoxide determinations were made with a Fisher—Hamilton gas
partitioner. This method was chosen over the Orsat method because the
analytical chemists in this Agency have proven it to be the more accurate
of the two methods. These methods are briefly described in Appendix A.

b. Results.

(1) The test and operating dat* are summarized in the Table , page ~~~.

(a) The measured particulate emissions, 0.113 and 0.190 gr/scf of
dry flue gas corrected to 12 percent carbon dioxide from the waste, for
the two test runs are less than the 0.2 gr/scf standard at the waste
charging rate of 500 lb/hr.

(b) During each test run a visible emission of No. 3 Ringlemann was
observed for 40—45 seconds following one of the incremental charges. This
emission appeared to be associated with operator charging technique (since
the incremental charges were uniform and a visible emission did not
accompany each charge) and should for the most part be eliminated after
operating personnel gain experience with the incinerator. The average
observed visible emission over each 60—minute test run was essentially
zero on the Ringleinann Scale and therefore did not exceed the No. 1
Ringlemann standard.

(2) The ramifications of the above test results are:

(a) The dunnage incinerator can be operated at test conditions and
not exceed the applicable particulate and visible emission standards for
its operation in Utah of 0.2 gr/scf and No. 1 Ringlemann cited in paragraph
1—7 , AR 11—21.

(b) If the dunnage incinerator is used in another state with a
particulate emission standard more stringent than 0.2 gr/scf (i.e. Colorado3),
it will have to be retested to determine the operating conditions, in-
cluding waste charging rate, at which it will meet the more stringent
standard .

~ Regulation I, “Emission Control Regulations for Particulates , Smokes ,
and Sulfur Oxides for the State of Colorado,” Colorado Department of
Health, Denver , Colorado , adopted 14 January 1971, effective 15 March 1971.
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TABLE

SUMMARY OF TEST DATA

Preliminary Run Test Run Test Run 
—

Parameter Burners Only No. 1 No. 2

Operating Data:
Waste charging rate, lb/hr 0 500 500

( 14~~~l25 1b) (l4~~~125 1b )
Mixing chamber temperature, °F 737 i14148 11462
Primary chamber draft, in. H20 —0.5 —0.1 —0.1
Scrubber flow rat e, gpm 25 25 25
Fuel consumption , gal/hr 17.06 14.81 5.36

Stack Gas Data:
Temperature , °F 312 382 362
Velocit y ,  ft/mm 2995 32614 33142
Flow rate , set/mm 28140 28314 2969
Percent moisture 114.0 26.6 25.14
Percent CO2 waste (dry volume) — 2.3 2.0
Percent CO2 burners (dry volume) 2.1 0.7 0.7
Percent °2 (dry volume) 18.2 18.0 17.7
Percent N2 (dry volume) 79. 79.2 79.6
Percent CO (dry volume) 0.0 0.0 0.0

Emission Data:
Particulate concentration , gr/scf — 0.022 0.032
Part iculate concentration , gr/scf of — 0.113 0.190

dry flue gas corrected to 12% CO2
from waste

Part iculate emission rate, lb/hr — 0.39 0.61
Average visible emission, % opacity 0 0 0

14
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(3) Completed data and calculation for m s 2 for the two test runs are
in Appendix B.

5. CONCLUSION. Particulate and visible emissions from the dunnage
incinerator do not exceed the standards governing its operation in Utah at
test operating conditions.

6. RECOMMENDATION. Proceed with the planned use of the dunnage incinerator
in the South Area , Tooele Army Depot, at a dunnage charging rate of 500 lb/hr
or less.

ROBE RT L. 1~~~S0N , P. E.
MAJ , MSC
Sanitary Engineer
Air Pollution Engineering Division

APPROVED :

J. P. MADDEN , P.E.
U LTC , MSC

thief , Air Pollution Engineering Division

V~~ Z~~~~~
C
~~~

ERW1C
~ 

P. E.

Director , Environmental Ouality

2 “Specifications for Incinerator Testing at Federal Facilities,” USP}IS
Publication (Oct 67) and Addendum thereto (Dec 67) , DHEW.
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APPENDIX A

SAMPLING AND ANALYTICAL METHODS

1. SAMPLING METHODS .

a. Particulate.

(1) Particulate was collected by isokinetic train sasrnling according
to Federal specifications for incinerator testing.2 The sampling train
consisted of a 0.25—inch probe tip, stainless steel probe with heated
glass liner, glass cyclone, filter housing and a tared Gelman T’rpe A
glass fiber filter, four Greenburg—Smith impingers immersed in an ice
bath, vacuum pump, and calibrated orifice.

(2) Isokirietic sampling conditions were attained by regulating
a bypass valve on the vacuum pump so the velocity of sample gas entering
the probe tip equalled the velocity of the stack gas at the sampling
point. Stack gas velocity was determined using an S—type pitot tube and
draft gauge. A nomograph was used to determine the isokinetic sampling
rate frcsn values for dry gas meter temperature~ probe tip diameter~ and
stack gas static pressure, velocity pressure, temnerature , and moisture
content.

(3) The particulate sampling location was eight stack gas di ameters
downstream from the connection of the induced draft fan to the stack ,
and four stack diameters upstream fran the top of the stack. The stack
gas velocity over the stack cross—sec1~ion at this location did not van
by a factor of more than 2:l~ therefore, particulate samples were
collected at the point of average velocity . 2

b. Carbon Dioxide.

(1) Gas samples for carbon dioxide , carbon monoxide , oxygen , and
nitrogen analyses were collected by proportional sampling (sampling rate
proportional to stack gas flow rate at the sampling point) in a Saran
bag . 2

2 “Specifications for Incinerator Testing at Federal Facilities ,” USPHS
Publication (Oct 67) and Addendum thereto (Dec 67), DHE

’7.6
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(2) The sampling tort was located immediately upstream from the
scrubber.

2. ANALYTI CAL METHODS .

a. Particulate. An alytical methods specified for the evaluation
of incinerators at Federal facilities2 were used for particulates.
Separate weighings were made for part icul ates collected in the probe
and cyclone, on the filter , in the imp inger washings , and for the organic
particulates extracted with ether and chloroform from the impinger
solutions. These weighings were combined to determine the total particulate
emission. Acetone was used as the washing solution.

b. Carbon Dioxide. A Fisher—Hamilton gas partitioner was used to
determine the percent carbon dioxide , carbon monoxide , oxygen , and nitrogen
in the gas samples collected by proportional sampling.

c. Moisture. The volume of water condensed in the first three
impingers plus the moisture absorbed by silica gel in the final impinger of
the particulate sampling train were combined to determine moisture content
of the stack gas.

2 “Specifications for Incinerator Testing at Federal Facilities ,” USPHS
Publication (Oct 67) and Addendum thereto (Dec 67) ,  DHE’1.

7
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APPENDIX B

DATA AND CALCULATION FO~ 4S 2

2 “Specifications for Incinerator Testing at Federal Facilities ,” USPHS
Publication (Oct 6~ ) and Addendum thereto (De e 67) , DHEW.
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Part I ,p. 1 of 2 DEPARTMENT OF h EALTh , EDUCATION , AND WELFARE FORM APPROVED
Public Health Service BUDGET BUREAU

National Center for Air Pollution Control NO. 6flR-1056
APPROVAL EXPIRES
Jan. 1973

SUhIMARY OF RESULTS

Incinerator Test

Run No. I
1. ~ama of firm ~.V ~yM),OS 4b$~~~4 / ~ ~~‘)&4~~ ~~ a’
2. Location of plant~~~~,1’4~~~v~, ~~~~~~~~ £loo~~~~4i4

3. Type of incinerator A)~6~ec~ ~~~~

4. Con trol equipment ~~~~~~~
5. Sampling point I ocati on /S~,’~,c~4eè. ~~~ ~~~~~~~~~ ~~~~

,,
G. • aterial incinerated Wosd ____________ _________________________

7. ~ciuht of material incinerated 5’~o / 4
________________________________

3. Pollutants sampled
____________ ____ ___________________

9. Time of particulate test: -
Date (0 ~~~~~ l’i) j .  , Beqin _ /~~5 ________, End 1535

~p~rating Variables

1U. Scru~,ber pressure drop , in. U20

11. Scruuber H20 rate, gpm -______

12. Primary chamber draft, in. U20 Overf ire — ~~. / Underf ire ~~~

13. S.condary chamber temnerature , 0F ~
14. Stack temoeraturP 

~
1hid~’ 

°F - ~~~~~~~~~~~~~~~~~~~

9
NCAP -16 (12/67)



Part 1 , p. 2of 2

Emission Data

15. Stack flow rate (V db
)
~

scfn
~

16. Water vapor in stack qas (V cq )i S by volume 
_ _ _ _ _ _ _

17. Excess air at sampling point 
~ bl~’ ~ 

_ _ _ _ _ _ _ _ _

grains/cf grains/scf
at stack at
conditions grains/scf 12 5 CO2 * lb/hr

13. Particulate - Cas~~~
SOi Cam

u ø..o~ Ca ,O~~ C ~ D.a)j
orobe , cyclone — _~ 

av

19. Particulate - ~~~~~~ Can~
D
~
l4 Ca O’O4~ CawSOe SZI

probe , cyclone , q
fi lter 

_ _ _ _ _ _  __________  __________  _ _ _ _ _ _ _ _

20. Tota l particulate Ca 0.oe$ Cao
S bIOt*~ 

C r 0.U3 C —0.341.
(Includes Impinger u a ax
catcn) 

_________  __________  ___________

21. Percent isokinetic for particuiate train ‘ax • 
115

22. CO2 in stack gas from burners , % volume (dry) - V bfl
z

23. CO2 in stack gas from waste, ~ volume (dry) Vba
Z

24. 
~2 

In stack gas from waste and burners , ~ volume (dry) Vbh• 1~I0

25. CO In stack aas from waste and burners , ~ volume (dry) VbgS 0.0

26. 12 In stack gas from waste and burners , % volume (dry) Vbjs 74.L 
-

27. StIcky paper, particles/In.2 60 microns and above 
__________

28. StIcky paper, particles/mm . 60 mIcrons and above 
. _ _ _ _ _

Lcgend : P~1 - not measured
scf • Standard cubIc foot, i.e., dry gas at 73°F and 29.92 in. Hq.
Stack conditions : Stack temDerature and stack pressure includina moisture .

* Correction to 12 Z CO2 made using S CO, from waste only.

~ CO2 from burner corrected to test conditions.

10
Nl:A. —l~ (12/67)
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Part 2 , p. 1 of 2~ DEPARTMENT OF HEALTH , EDUCATION , ANI) WELFARE FORM APPROVED
Public health Service BUDGET BUREAU

National Center for Air Pollution Control NO. 68R-1056
APPROVAL EXPIRES -

SUMMARY OF TEST flATA Jan. 1973

Date 
- 
/O th /47i Run No. j

Particulate Sampling Train

1. Sampling nozzle diameter , in. 0av
2. SamplIng time, m m .  Taw
3. Sample aas volume - meter condition , cf Vac —

4. Average meter temnerature, OF Tai
5. Iw2rag~ orifi ce pressure drop, in. 1120 ~af
6. Particulate collected - probe and cyclone , 

~~ 
1
~aj

7. Particulate collected - probe , cyclone and fi l ter, mg t
~ak 

S

3. Particulate collected - total , mg ‘1al

• Velocity Traverse - Burner Only

). Stack area, in.2 - Sdd -

hi. Average stack pressure , i n. ;i~ (absolute) — d.o

11. Averaae stack temperature , 0F Thd -

12. Average 1! velocity head x stack temperature She /~~OO

13. •ioisture in stack gas from burners , S by volume Vhi =

Velocity Traverse Uuring Test - Burner and Uaste
— 14. Stack area, in.2 Sdd =

15. Average stack pressure, in. Hg (absolute) 
~di 0.0

16. Average stack teaperature , OF Tdf
17. Average \I~elocity head x stack temperaturi Sde

Stack Moisture Content

18. Total water collected by train , ml Vce

NCAP —l 7 (12/6 ; )  11

_ _ _  ~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
-



Part 2, p. 2of 2

Orsat Analysis - Burner Oj~iy

19. C02, S volume (dry) Vbb — _ _ _ _ _ _ _ _ _

20. CO, % volume (dry ) Vbc 
U 

__________

21. 021 ~ volume (dry) 
Vbd

22. 
~2’ 

S volume (dry ) Vbe 
U 

__________

Orsat Analysis — Burners and Waste

23. C02, S volume (dry) Vbf

24. CO, % volume (dry) Vb

25. ‘~2’ ~ 
volume (dry ) Vbh /&0

26. U2, ~ volume (dry ) Vbj — __________

Incinerator Operating Data

• 27. FractIon of test time all burners are operating G~ • A/P7

~s~A .— 17 “12,’S7) 12

- ~~- — . _ -— ~-~--
. --~
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FORM APPROVED
Part 3 , p. 1 of 3 DEPARTMENT OF HEALTH , EDUCATION . AND WELFARE BUDGET BUREAU

Public Health Service NO~8R lO56
National Center for 4ir Pollution Control APPROVAL EXPIRES

Jan. 1973
PARTICULATE SA~4PLING TRAIN DATA AND CALCULATIONS

Nozzle diameter 
~°av~’ 

In. ~ _ _ _ _ _ _ _ _

Barometri c pressure 
~~a)’ in. Hg -

Sampling point location Jtd(k Run No. 1

~as ~eter

Clock Point Reading (V ) Temp . in Temp. out Orifice
time No, cf ac - °F t~ Pin. H20

_ _ _  - 
j  qb~,0I - - —

_ _ _  _ _ _ _ _ _  _ j ~~sq _________ -_________ _________

- 
.0 3 Th.’~ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

1.73
• 30 3 4tS 3a 45 73 0.75

.•__~9_ 3 
_ _ _ _ _ _ _ _ _ _ _  

9(dp 
_ _ _ _ _  

015
.So 3 

- ~~~~3i 19c 
_ _ _ _ _ _ _ _ _ _  

045
3 /0~LS7 97 —. _ _ _ _ _ _  ~~~

_ _ _ _ _ _  _ _ _ _ _ _ _  
(oii’t ~~ A47) 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _——  __________

Net time
mm Net Average Average Average

_ _ _ _ _ _  

(V ac )
~
2i

~
•? 

~
Tad~

”9
~ 

Tae~~ 
~~~~ ~~af~~

00U

I +T
(I) A. Average meter temperature ad 

2 
ae 

s Tai —

(2) 0. Dry gas sample volume @ standard conditions , cf
- P

P
• 17.7” x Vac X~~y + 460) 

• Vab

NCA P-18 ( 12/ 67 13

— —  - - •
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Laboratory Data

Particulate - probe and cyclone (Waj)~ 
mg U 

_ _ _ _ _ _ _ _ _

Particulate - probe, cyclone, and filter (Wak)~ ~ 
•

Particulate - total (includes. Impinger washings) (Wa1)~ 
mg •

Particulate Concentration Calculations

In grains/scf

(3) A. Particulate - probe and cyclone, grains/scf

Cam - 0.0154 x fr~-
(4) U. Particulate - probe, cyclone, and filter, gralns/scf

0.0154 x W
C — 

ak ,
am ab

(5) C. Particulate - total.grains/scf
(Go to Part 6, page 1)

0.0154 * t~lC • 
al ,

ao ab

In qrains /sc f @ 12 5 CO2

(17) D. Particulate - probe and cyclone, gralns/scf h~ 12 ~ CO2
C - C ~~~~~~ •

ap am ba

(13) E. Particulate - probe , cyclone, and filter , gramns/scf @ 12 5 CO2
Caq~~

Can X
~~

•
~~

(19) F. Particulate - total ,’ grains/scf @ 12 S CO2
C U C  ~~~~~ 

.

ar ao Vba

t. - — 1M (12/a?) 114

— — ------ .---- - — ---•— 
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Part 3, p. 3 of 3

In~~ra i ns/c f ~ stack conditions

(20) . Particulate - probe and cyclone , grains/cf @ stack conditions
l7.7 x C x P  x Mchc - 

am di 
• o.ooIq

as 
‘~~ + 460‘‘df

(21) 1. Particulate - probe, cyclone , and fi lter, grains/cf @ stack conditions
17 .7x C x P  x Mch

Cat • 
an di —

(Tdf + 460)

(22) I. Particulate - total , grains/cf @ stack conditions

l? .7XC3 X P dI X MCh -

au IT 0.ODPI
‘‘df + 460)

1~J.PL~
(23) J. Particulate - probe and cyclone , lb/hr

• Cay 0.00857 x Cam x Vdb — 0.oZj

- (241 K. Particulate - probe, cyclone , and fi l ter, lb/hr

Ca 0.00857 x Can x Vdb — 

- 
0 SLI

(25) L. Particulate - total , lb/hr

Cax — 0.00857 x Cao x Vdb =

l032 x (1 + 460) x V
(26) ~

‘. ~ i sokinetic — 
~ T 

df ab 
)Z - I — 1~5

dh X aw ~ di ch X av ax

(Go to Par t 7, p. 1)

‘ba from Orsat data and calculation sheet (part 7).

Vdb. T~~. VdhI ~di’ 
from velocity data and calculation sheet for test (Part 5).

9cn from moisture content data and calculation sheet (Part 6).

from parti culate samqlinq train data and calculation sheet (Part 3).

15
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Part 4, p. 1 of 3 DEPARTMENT OF HEALTH , EDUCATION . AND WELFARE FORM APPROVED
Public Health Service BUDGET BUREAU

National Center for Air Pollution Control NO. 68R—1056
APPROVAL EXPIRES

Jan. 1973
VELOCITY TRAVERSE DATA AND CALCULATION SHEET

• (Burners Only) 
—

Date /OTha4~~~14fl. 
-~~~ Time~~ 7-,~S7 Run No. 40

• Sanuiinq point location_J~~~~_______ ______—

~~~~ 

~~~~ .Z o,
StacI~ area (Sdd). in.2 ~~~.q 

___________________

Wet bul b tempera ture (T
M). 

0F #/M 
—__________ ~/~fl ~~“~3

Dry bulb temperature (Thk), 
OF W~) — -

Rarometric pressure 
~ h1~ ’ in. Ha absolute — ~~~~ __________________ A

Mote: Calculations for S-type pitot tube , C • 0.85 Drawing of stack
cross section

&)istanc; Stack I Stack Tmnperature 1 Velocity 
— _____—

~~~~~~~~~ 

______________

Point from ref. press.(Ph ~~~~hd~~~
’ ~~~ 

460T~ head (Va) V X (T hd+ 460) ‘~fV X (Th~
+ 460)

(4o. ooint , in. In. H20 
a a

i~ H~ (gage) 0F 0R

- ! z 
_____ _________ ____ _________I D•Sa ~~~ _________

------ --—~~~~ - -—- ~~~~~~~ ~~~ /.34 J O.S~ °.‘(5 _ _ _ _ _ _ _ _ _ _

V #7IPI (~
) 0.600 

_________ 
O4~l3 

___________ ______

~ii~~TTI~~IJ - 
/ ~~ ______ 

0 
~~ k °4” 

— —

.±_ ~~~~L_ 4M3/, ~~~~~~~ ~~~~~~~ ~~~~~~~~~
4---
,—— •____‘~

.i_ _‘,6 4, ,

~~~

. ~~~~~~~~~~~~~S 
___________ _________ 

0.s, - - O.~u _ _ _ _—_ _ _ _ _

-~ -- ~~~~~~~~~~~~~~~ • ~~~~~~~~~ 
_L~~~L±~~~~ —_ _ _

~!!_ •1L _ _ _  _ _ _  —_ _(-±!~~~_ -- 
AS,, 

_ _ _ _ _

#3 j  IS, 
______ _____ ____________ ________—______ ______ ______________- _________

• i !_ 4 _
~’!~.L. _ _________ _____ _______•

~

_

~

j D.qs 0.470 
—~~~~~ _________

_ _ _  _ _ _  -_•• ‘&. .... ±1”? ~~
• /iP ~~~~~~d9 

______ ____ ________  
o.q~ ________  ____________

• -— - -  -_ _ _  —- _ _ _ _ _  ----- 
__j 

~-~~~_._“ i~
j Avg 

______ -___.._ _ ..L ~~‘ _~ vg (5~~)
- 

~~~~~~~~~~~~~~~~~~ 
—1_ .__-- _ _ _  

U 
_ _ _

in. Hg j 16
(abs) U

- 
— - — —_ —  J

• 
- -— - -~
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Nat ional Center for A ir Pollu tion Control
APPRO VAL E XP I RES

Jan. 1973
VELOCITY TRAVERSE DATA AND CALCULATION SHEET

(Burners Only) 
—

Date J~~~~.r ’~~~fl.__ —— Time /0fl-/oS~ Run No. 
_ _ _ _ _ _

Samoiinq point location .~ 1~ ’4 ________ _______

Stack area 
~ dd~’ 

in.2_~~~~~’# -

Wet bulb temperature (Th i ). °F W~~
Dry bulb temperature (Th~

), OF w 1  _______-

I3arometric pressure 
~ h1~ ’ in. Hg absolute ~Y 5  

____________________

Note: Calculations for S-type pitot tube , C — 0.85 Oraw in~ of stackcross section

distance Stack Stack Ternperature Velocity ______________

Point from ref. press.(Phm) ~~hd~ ’ ~
Thd~ 

460), head (Va)~ V X (T hd+ 460) VV ~ (T + 460)
No. øoint , in. th. H20 

a a d

• 
i Hg. (gage ) 0F 

______ —_____ _ _ _ _ _ _  _ _ _ _ _ _ _

3 7.(/ ~ .0 3/S 776 
_ _ _ _ _ _  

3~S.So 
_ _ _ _ _ _ _ _

• J~~j_ ). I~ O.~~ ~‘o 77o 0..a. 3c~.,, I,.,,
00 ____• 

770 
— 

0.’i& 3c3.V, /7 ,1

—- Avg vg 
_ _ _ _  

____ .  
____________  L~v~ (S~~)• 1! . - .Iik . 

—_____ r _ _ _ _ _ _  

~ _ _ _ _ _

in. Hg
(ab s ) U

~ hc~ ~hm~~~~
’hl -

_ _

.~‘~!~~~~~ IJ
NCAP .l’, (12/67)
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Part 4~ p. 3 of 3

(9) A. ~4oisture In stack gas , from wet and dry bulb temperatures using

psychrometrlc charts (VhI ) , 5 U %~Q ~~~~a’~ #~,i./á..~j ,ai�’1

- 
(10) 8. Mole fraction of dry gas

100-V
• hi •M hq • 0.31.

(11) C. Stack velocity 0 and Thd (stack conditions , Inclu des moisture), fpm
_ l/2

— 4350 ~ 5~e ~ ~ bk X ‘4hg + l8(1_.M
~~~

•j 

V~ ~~~

(12) 0. Stack volume 0 standard conditions, scfm

O.l23 x V  x S  x P  X I I

(T~~ + 
hc hg Vhh — -_________

(1 0 to Part 5, n. 2)

from Orsat data and calculation sheet (Part 7).

18
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Part 5, p. 1 of 2 DEPARTMENT OF HEALTH , EDUCATION , AND WELFARE Ft,RH APPROVED
Public Health Service RUD i

National Center for Air Pollution Control NO.68R—~O56

VELOCITY DATA AND CALCULATION SHEET FOR TEST 
—_________

(Curners and Waste)

U~ite /0~~~~~.e~ _M71. - T1me~~~~~~~~~~_ _
Samp ling Point locat ion s 

________  — 
Run No. L_

Stack area 
~ dd~’ 

in.2 
~~~~~~ ___________ ____________________

ot~: Calculations for S-type pi tot tu be , C U 0.85 DrawIng of stack
cross section

~;)istance Stack Sta ck temnerature Velocit y 
_________Point~fro~ ref. Press :(P~~)kt~pT11’r~f+ 460) , head (V b)

~
vbx (Tdf + 460) V

~~~
Tdf + 46O)~

in. Hg (gage) °F 0R n 2

~~~3 _ ?. :— 0 0 
- 

.1~L 5 )*I go I~ 3’i

~-_~
_-_L~ ~~Y_  °° - il. ~~L.. ~~~~~~~ _ ±3s~

.

~ 
1.~~~_~~~.A0__— 385 A’vw~~ J?l, 2e ItII

_ _ _ _  - — 
0.0 ~5?~~~ ~~~13o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 14.i i —

•~~~ j _  V.0 570 330 ._.P• V., 3s~.co jg ,  ~~
3 0.o__~_ %S 

_ _ _ _ _ _ _ _  _ _ _ _  — 
S7,.aS ~~~~ . 

-

I ~~~~~~~~~~~ _ _ _ _ _ _ _  —— _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

_______ —— ___________ _________ —_____________ ____________

_ _  _ _  _ _ _  - -~

T 
_ _ _  I 

_ _ _ _ _

I — _ _ _ _ _  ___________ _________ ______________ —— —~

Avg - Avq 
___________ 

Avg (Sd~)
_ _  _ _—  _ _  L_ ___ 

J’
~~
’ 

J

~ in . Hg I
abs) —

L (P di )~~
Pdj~~

Paa = .~~!L

P aa froln particul ate sampl i no train sheet (Part 3).

NCAP -20 (12/~7) 19
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Part 5, p. 2 of 2

(13) A. Stack velocity ~ ~dI 
and Tdf (stack cond1tion~), fnm

• 4350 x Sde 
~ 

x

(14) B. Stack volume @ standard conditions , scfm

• 0.123 ~ 
Vdh X S dd ~ ~d1 U Vdb

(Go to Part 7, p. 2.)

~ca’ ~~~~~~ 
from stack moisture data and calculation sheet (Part 6).

20
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Part 6, p. 1 of 2 DEPARTMENT OF HEALTH. EDUCATION , AND WELFARE FORM APPROVED
Public Health Service BUDGET BUREAU

National Center for Air Pollution Control NO. 68R—1056
APPROVAL E X PIRES

Jan. 1973
STACK MOISTURE CONTENT L)A TA AND CALCULATIONS FOR TEST

Date /0 m4i r4 /~~?i

Run ~o. 
A., 

__________  _________  _________

1120 condensed in impingers
ml ‘m.. /93.7 

_ _ _ _ _ _ _  _ _ _ _ _ _ _

1120 absorbed by silica gel
(V cd ), ml

Total 1120 collected
= V ce * (Vcb + Vcd), ml — ~~~~~~~ 

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _

Vol of H20 vapor 0 7O~F and
29.92 in. Hg • 0.0474 x Vce
= (V cf). cf ~~S0 

- 
9~73

• Moisture in stack gas - -
• (V ~g)i % (from for~u1a below) ~~

Mole fraction dry gas, -

- (M h) (from formula below) 0.?6o 
- _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

Molecular weight of stack gas 
— _________  __________  _________  _________

~ ca~ 
(from formula below) a7. 5 ~2&3

(6) A. Moisture in stack gas (V~q)i 5
IO O X V Cf

~ab 
+ V f

(7) 8. Mole fraction dry gas (Mch). 
-

•

— 100

-

. 

21

NCAP-2l (12/ 67)
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~

P4rt~~, p, Zof~

(8) C. Molecular weight of stack gas

Lica — Mbj X Mch + 18 (1 - Hch)

(Go to Part 4. p. 2.)

V ab from particulate data and calculation sheet (Part 3).

from Orsat data sheet (Part 7).

22

~1CAP~2J (12/47) 
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Part 7, p. 1 of 2 DEPARTMENT OF HEALTH , EDUCATION . AND WELFARE FORM APPROVED
Public Health Service BUDGET BUREAU

National Center for AIr Pollution Control NO~8R-l056APPROVAL EXPIRES
Jan. 1973

ORSAT DATA AND CALCULATION SHEET

• Orsat Ana lysis - Burner Only (From bag sample)

Samolina point location IP ~( iI , PM 4 4.0 c5ci. .,OO~..
Date /0 ~~~~~~~~ ~~~~ — - Time /0t-~~ /03 1

Analysis Anal ysis Ana1~~i~~~i x — wt fmole
1 2 3 [ Avg mole.wt (dry)

_ _ _ _ _  _ _ _ _ _

~~~~~~

.

~~~

/ 44/100 0.4
CO (V~~), % vol (dry) 00 23/100 +oa~
0, (Vbd ), % vol (dr y ) 

_ _ _ _ _ _  _ _ _ _ _  

,L.~ 32/100 +s:aL
N, ( V ~~). % vol (dry ) - _J_ _ ______t 74• ’ i~i

bk • Avg r.Iolecular wtof dry stack qas

Orsat Anajy~j sj~or Test - ‘Iaste and_~urners (From bag sample)

Date /0 rnm~.e~ _16_7i _________ Time N

~~

-iSS

~ 

~un No._________— 

Sa~p in~ point location /~~ j /j~pI, ,S ~~~~~~~~~~~ __________

• Analysis Analysis Analysis x — wt/mole

2 L ~ Avg mole wt (dr-i )

CO,_(V~~) S vol (dry ) 
________ ________ ~~~ 

44/100

i

-

~:~ 

(V bg ) .SVO1 (dry ) I 
______ 

-

~~ 1 0.o 2~3/lOO ~~Aoo

02 (V bh), ~ vol_(dry) 
________  _______- ______— 

/3.o 32/100 ~~~~~~~~

~2 
(V bi ) ,  S vol (dry ) 

_______  

28/100

~
1bj — Avo molecular wt of I• dry stack gas —

23
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Part 7, p. 2 of 2

(28) A. Excess air, S

- 
100 x (Vbh

_ j
~ 

- 

~bl 
61,

• 0.264 x Vbl - (V bh -

(Transfer all answers to suninary of results)

(15) B.*C02 contributed by burner, S by volume of stack gas corrected to
test conditions . -

- 

- V hhVbfl S 

~bb X X ~~ - 
~~~~~~~~~ __________

(16) B. CO2 in stack gas from waste, S vol (dry)
(Go to Part 3, p. 2)

• • V bf
_ V

bn
_ V

ba
U

Vdb from velocity data and calculation sheet for test (Part 5).

Vhh from veloci ty traverse data and calculation sheets (Part 4).

Gbm from Incinerator data and calculation sheet (Part 10).

Note: Above calcu lation corrects CO2 of burner to stack test conditions.

* Note : If CO2 from burners is determined from an analysis of the

natural gas flow, the following equation can be used In place of

equations (l5)and ( 16) to calcula te (V ba)•
2 - CO2 from burners , scfm (Determine from natural gas

flow rate) 
__________

U 

Vdb X V bf .(Z*G
~~

X lOO)

~ba
db

214
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Part 8, p. 1 of 1 DEPARTMENT OF HEALTH, EDUCATIO N, AND WELFARE FORM APPROVED
Public Health Service BUDGET BUREAU

National Center for Air Pollution Control NO~ 8R-iO56

POUNDS PER h OUR EMISSION CALCULATION 
Jar,. 1973

Total particulate collected by train , grams Wia — O~o3~~
Area of sampl ing nozzle, in.2 Wlb —

Area of stack, in.2 —

Time of particulate test, m m .  Wid —

Emissions , lbs/hr

0.132 x W 1 x W~,a ~c — •

~hib X ld ay

Note: Sufficient data and calculations should be included to show that the
particulate train was operated within 10 percent of i sokinetic conditions.
Comparison of the probe sampl ing velocity to the stack gas velocity will
be sufficient for this purpose. To make this comparison It will be
necessary to measure:

1. Stack temperature

2~ Stack velocity

3. Sampled gas volume and temperature

4. MoIsture in samoled gas

25

NCAP—4 0 (12/67)
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Part 9, p. 1 of ~ DEPARTMENT OF HEALT H, EDUCATION , AND WELFARE FORM APP ROVED
Public Health Service BUDGET BUREAU

National Center for Air Pollution Control NO. 68R-1056
APPROVAL EXPIRES

Jan. 1973
STIC KY PAPER DATA AND CALCULAT IONS

Date ~~~~~~~~~ 147i

• Stack area , ln.2 o~YO.’/

Sampling point location —

Run No. / 
—

Time Part/ln.2/ml n Part/mm
> 60 microns >60 mi crons

— 

Avg
__

A/~~ Avg A~’~t

Note: Particles/mm — stack area x Dart/in.2/inin.

26
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Part 10, p. 1 of 1 DEPARTMENT OF HEALTH , EDUCATION , AND WELFARE FORM APPROVED
Public Health Service BUDGET BUREAU

National Center for Air Pollution Control NO. 68R-1056
APPROVAL EXPIRES

Jan. 1973
INCINERATOR OPERATING DATA AND CALCULATION SHEET

• Date /0 ~~~~~
Run No._

- 
Primary chamber draft Secondary Stack

~1ater i al Underf ire , chamber opac ity
Clock charged, Overfire, In. H20
time lb in. 1120 (Optional ) Covm~ents

_ _  _ _ _  - _ _ __ _ _  

0 
_ _ _ _ _ _

_ _ _  _ _ _ _ _ _  
-0.~ _ _ _ _ _ _ _  

/ ~/ C0 0

L~~~ 
l~5 _ _ _ _ _ _ _  _ _ _ _ _ _ _  

,s.o 
_ _ _ _ _  

;?o%q~ii,.4, 6.

GO 
_ _ _ _ _ _ _  _~~~~~~/ _ _ _ _ _ _ _  _ _ _ _ _ _ _  

0 
_ _ _ _ _ _ _ _ _ _ _ _

30 /~~5 -0.i5 _  
_ _ _ _ _ _ _ _  

/ ‘i.o 
_ _ _  _ _ _ _ _ _ _ _ _ _ _ _

_ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

/WO C ~~~~~~~~~~~~~~ ~~~~~~~~

‘i s i.~s _______ _______ —_ _ _ _  0 ~~~~~~~- 

So 
—_____ 

-0., “~‘. - °

_ _ _  —_____  
-a., 

_ _ _ _ _ _ _  
,97o ~ _ _ _ _ _ _ _ _ _ _ _

A

_ _ _ _  

:let Avf~ =
~
“

~~~-~- Avg 
_ _ _ _ _ _ _  

Avg •‘! Avg =

Fraction of t1m~ all burners are operating (G~~) •

27
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Part 1 , p. 1 of 2 DEPARTMENT OF h EALTh , EDUCATION , AND WELFARE FORM APPROVED
Public hea lth Service BUDGET RUREAL I

National Center for Air Pollution Control NO.6flR-1056
APPROVAL EXPIRES

Jan. 1973
SUMMARY OF RESULTS

Incinerator Test

Run No. ~

1. ~aine of f i rm F~e4,a,d ‘9~.r’~*i ~ 
I~5 i j~ /a, a’ -

2. Location of plant .~~,/,4 ~ ~~~~~ 4~o ‘..4

3. Type of incinerator 44i3,4,0 ‘~!1•
-4. Control equiprnent_ .~~~u~~ôr~...

5. Sampling point location /2S—i~,~~~ 4,k1 I~~1 ’&4~~e_ 7.i. ~d , - ,

~~~. .aterial incinerated i~224_O~4P~nmje — ______________________

7. ~:eiuht of material incinerated 
~~€LJ~~________________________________

J. Pollutants sampled ~~~.~ ic~.jc,4e _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9. Time of particulate test:

Date 10 ~mi,,~’i ~~~~ , [3ec~i nJ ~~~~’ _ _ _ _ _ _ _ _, End /455

~pcrating Variables

l~). Scru~ber pressure drop, in. 120 0.3

11. £cruuber H20 rate , gprn ~~~~~~~~~~

12. Primary chamoer draft , in. 1120 Overf ire 0 / Underf ire MAI

13. Secondary chamber temnerature , 0F ±9~~~

14. Stack temoerature (T,~d
), °F - _ %z.

28
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Part 1 , p. 2 of 2

Emission Data

15 . Stack f low rate (V do ) .scfnl .2~~I5

16. ~Iater vapor in stack qas ~ by volume 
_ _ _ _ _ _ _

17. Excess air at sampling point (V bl ), ~ _ _ _ _ _ _ _ _ _

[~ grains /cf grains/scf
at stack at
conditions grains/scf 12 S CO2 * lb/hr

13. Particulate - C •o.oot_ C = o o ~ i C = O.o~ca ~C =O.o~ ,
orobe, cyclone am ap 

—
~ av

19. Particulate - Cat~
O•OIt Can =O Ot Z C = o .g ~,q C~ j=ô.Sft.

probe , cyclone , aq . 

I

filter _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

20. Total particulate Ca 
• O.413 Cao=O~OSl~ C r= o.,~ü C

( In c lu des lmpi n qer U a
catc~) 

________-— _ _ _ _ _ _ _—-  ____________

21. Percent isokinetic for particulate train ‘ax = 
- —

22. CO2 in stack aas from burners , ~ volume (dry ) V
fl

= 0.7

23. CD 2 In stack gas from waste , ~.. volume (dry ) V
ba 

__________

24 . 
~2 

In stack gas from waste and burners , volume (dry) Vbh= 
~~~~~~~

25 . CO In stack aas from waste and burners , ~ volume (dry) V bq= 0~O

26. 
~2 

in stack gas from waste and burners , % volume (dry) V bj~ ~~~~ -

27. Sticky paper , particles/in. 2 60 :~icrons and above __________

28. Sti cky paper, partIcles/mm . 60 microns and above Wh

L.cnend: ~ - not measured
scf • Standard cuil c foot, i.e., dr.v oas at 73

0F an d 29 .92 in. -c .
Stack conditions : Stack temoerature and stack p ressure inc lu di na mOist~rL.

* Correction to 12 Z CO2 made u s ing Z CO2 from waste only.
** ~ CO2 from burner corrected to test conditions.

__ !A~~~~~~~
8 (12/67) 
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Part 2 , p. 1 of 2 DEPARTMENT OF IIEALTII , EDUCATION , ANt) W ELFARE FORM APPR OV Ef )
Public hea lth Service BUDGET BUREAU

National Center for Air Pollution Control NO. 68R-1056
APPROVAL EXPIRES

SUMMARY OF TEST ~~~~~~~ Jan. 1973

Date /0 h, &g’t/ ~~7s. Run ~o. 
______________

Particuiate Sampling Train

1. Samplina nozzle diameter , in. 
~av 

-

2. Samolinq time , m m .  Ta — —

3. Sample nas volume - meter condition , cf 
~~ 

—

4. Average meter temnerature , 0F T .  
__________

5. Av~ragc orifi ce pressure drop , in. 11 20 t
~af 

U 
— hDZ

6. Particulate collected - probe and cyclone . rrn Waj —

7. Particulate collected - probe . cyclone and filter , m g  Wak •

3. Particulate collected - total , mg 
_ _ _ _ _ _ _ _ _

Veloc ity Traverse - Burner Only

3. Stack area , in.2 Sdd —

1u. Average stack pressure , in. I~ (absolute) O.o

11. Average stack temperature, 0F Thd =

12. Average ‘V velocity head x stack temperature She =

13. ~ioisture in stack gas from burners , % by volume V hi 
=

Veloc ity Traverse Uur i ng Test - Burner and W a s t e

14. Stack area , in.2 5dd 
= 

__________

15. Average stack pressure , in. Hg (absolute) 
~di

16. Average stack te~perature , °F Tdf

17. Average \/~elocity head x stack temperatur~ Sde -

Stack Moi sture Content

18. Total water collected by train , ml V ce 
U

30
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Part ?, p. 2of 2

Orsat Analysis - Burner Only

19. C02, S volume (dry) Vbb —

20. CD, S volume (dry) Vbc 
U 0.0

21. 02, ~ volume (dry) Vbd 
U /3.Z.

~2. t12~ ~ volume (dry) Vbe —

Orsat Analysis — Burners and Waste

23. CD2, ~ vol ume (dry) Vbf —

24. CO, S volume (dry) Vbg
25. 0

~
, ~ volume (dry) Vbh — /,.~~ 

- -

26. IJ2~ 
S volume (dry) Vbi — 

_ _ _ _ _ _ _ _ _

Incinerator Operating Data

27. FractIon of test time all burners are operating —

31

~s(A — I 7 ‘12,’f17)

- 4 -~~~~~~~~~~-



- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— — -_  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .—!

FORM APPROVED
Part 3, p. 1 of 3 DEPARTMENT OF HEALTH , EDUCATION , AND WELFARE BUDGET BUREAU

Public Health Service NO~ 8R 1O 56
Natinnal Center for Air Polluti on Control APPROVAL EXPIRES

Jan. 1973
PARTICULAT E SAiIPLING TRAIN DATA AND CALCULATIONS

Nozzle diameter (Dav)~ 
In. — 

- 
0.~ S

Barometric pressure 
~ aa~’ 

In. Hg — .7’l.20

Sampling point location ~~~~~~~ Run No. ~

~as ~lë’~ër

Clock Point Reading (V ) Temp. In Temp. out Orifice
time No. cf ac °F 0F ~ Pin. H20

0 
- 

3 — l1.~o 
— —

3 
_ _ _ _ _ _ _ _  

44 
- 

$3 l.00

-______ 3 .73.4’i 
_ _ _ _ _ _ _ _  

_$3 - 
1.00

• 3 30.10 4~p 93 / 05

_ _ _ _ _ _  
3 ,%.2w /00 —- I i  1.05 • -

50 3 
- 

‘?.32 
_ _ _ _ _ _ _ _ _ _  

95 
_ _ _ _ _ _ _ _ _ _

..JeO_ . 3 4&5 . 102. 9? / 02.

_ _ _ _ _  _ _ _ _ _ _  
(O~~~4 c~~o,~7) 

_ _ _ _ _ _ _ _  _____—

~~~~ 

_ _ _ _ _ _ _ _-

Net time
mm Net Average Average~ Avera ge

(T~ ,)._(~~ (V ac
)lIi%•0&. (Tad~ ‘~~ 

Tae~” ~~ ~ af ~” 1,07..

T + T
Cl) A. Average meter temperature - ad ae 

— Taj U

(2) B. Dry gas sample volume @ standard conditions , cf
- P

P
— 17.7 * 

~ac 
X CI + 460) 

Vab 
,2Le.o

NCAP-l8 (12/ 67 32
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Part 3, p. 2of 3

La boratory Da ta

Particulate — probe and cyclone (W a)~ 
mg —

• Particulate - probe , cyclone , and fi lter (W ak
)
~ 

mq •

Particulate - total (includes impinger washings) (Wa1)~ mq 
•

Particulate Concentration Calculations

In grains/scf

(3) A. Particulate - probe and cyclone, grains/scf

C - 0.0154 x 0.0Ot/3am ab

(4) Ii. Particulate - probe, cyclone , and filter, grains/scf

0.0154 x ‘.1 -

C - 
ak 0.07 24.

am V ab

(5) C. Part iculate — total, grains/scf
(Go to Part 6, page 1)

0.0154 x ti -
— 

al ,

-

. 
ao ab

In grains/sc-f @ 12 % CO2

(17) 0. Particulate - probe and cyclone , grains/scf @ 12 % CO2
Cap U C am x~

•?
~~*

(13) E. Particulate - probe, cyclone , and fi lter, qrains/scf @ 12 5 CO2
Caq — Can x 

~~a 
— 0.11s9

(19) F. Par~Iculate - total , gralns/scf @ 12 5 CO2
C — C  ~~~~~~~ 

_ _ _ _ _ _ _ar ao V ba

33
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Part 3, p. 3 of 3

In1rains/cf P stack condit ions

(2u) c~. Particulate — probe and cyclone , grains/cf @ stack conditions
17.7 x C x P x Mch

c - 
am di 

•as 
~
Tdf + 460) 

- _______-

(21) -1. Particulate - probe , cyclone , and fi lter, grains/cf @ stack conditions

l 7 .7x C x P  x Mch
c an dl -
at 

~~~~ + 460)

(22) 1. Particulate - total , grains/cf @ stack conditions

17.7 X C X 

~d1 
x Mch 

—Cau -

+ 460 )
In lb/hr

(23) J. Particulate - probe and cyclone , lb/hr

Cay 0.00357 X Cam x Vdb =

(24) K. Particulate - probe , cyclone , and fi l ter, lb/hr

Ca~ 
= 0.00857 x Can x Vdb = 0,55i-

(25) L. Particulate - total , lb/hr

Cax = 0.00857 x Cao x Vdb = 
_ _ _ _ _ _ _ _ _

1032 x (1 + 460) x V
(26) ~

‘. ?~ isokinetic = 

~ T 
df ab = =

dh X at-i ~ di X ch x 
~ av~ 

ax

(Go to Part 7, p. 1)

~ba 
from Orsat data and calculation sheet (part 7).

VdbI TCf~ ~dh’ ~di’ 
from velocity data and cal culation sheet for test (Part 5).

from moisture content data and calculation sheet (Part 6).

~av from parti culate samplinq train data and calculation sheet (Part 3).

314
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Part 4. p. 1 of 2 OEPARTMLNT OF HEALTH , LUUCAflON , AND WELFA RE IURM APt~k(~vfj,Publ ic Health Service BUDGET BUREAU
Nationa l Center for A r  Pollution Control NO. 68R-1056

APPROVAL EXPIRES
Jan. 1973

VELOCITY TRAVERSE DATA AND CALCULATION SHEET
(Burner s Only) 

________________

Date /0 ~~~~~~~~~ /47z. -~~~ Time /ofl-i~S7 Run ~o. _____

Samou i nn point locatIon __~~~eé
Stact; area 

~ dd~’ 
in.2 _~!~

.’/
Wet bulb temperature 

~
Thj~ ’ °F ~~~

Dry bulb temperature (T h~
), OF AiM 

_______

Rarometric pressure 
~ h1~ ’ in. Hg absolute •

Note: Calculations for S-tyoe pitot tube , C — 0.85 Drawi flg of stack
cross section

Jistance Stack I Stack Temperature Velocity 
_______________

Point from ref. press.(Ph I ~~L
’ (T hd+ 46~3~ head (Va) V X (T k.~ 460) Vv X (T .,+ 460)~ 

:1

No. point , in. m •
~~ in. H~O a a h

in. Hg. (gage) 0F

~j 1 O e 315 ~~~~~~~~~~~~~~~~~ _ _ _ _ _  ~~~~~ _ _ _ _ _ _

- ~~~~~~~~~~~~~ 7’Y -- 0.0 
____  

fl ~~ _____  -- ~~~~~~~~ ‘7.ql

— 
o.o ~~ _______— ~~~ ~~~~~~~~~ ____________t

- ---F  --—4 

_ _  

-- _ _ _ _  -
~~~~~~~ 

-
_  _ _-  

_  

—-:1—-— 
_ _-—

_________ _____ ________—— _________ _____________ ——__________

_ _  _ _ _  _ _ _ _ _ _  _ _ -_ _ _ _

- 

I ~~
_

~~ TTT _~~~~~~~~~ 
-

— Avg Avg 
______ — __________________ ~vg (SEA )

— ,  
_ _ _

5 .  
_______________

~ hc~ 
U 

~hm ~~ Iil -
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Part 4 , p. 2 of 2

(9) A. loisture in stack gas, from wet and dry bulb temperatures us1n~
psychrometric charts (Vhl ), ~ ~~~~~~~~~~ ~~~~~~~~~ t o)

(10) 8. Mole fraction of dry gas
100-V

• ~~~~~ - = _ 2 BC.

(11) C. Stack veloci ty P P~~ an d Thd (stack conditions , includes moisture), fprn
1/2

• 4350 x She x X l4hg + l8(T~.ç~
j 

Vi~ ~~~~~~~~

(12) 0. Stack volume @ standard conditions , scfm

O . l 2 3 x ’ J  x S  x P  x~-t
(T~~ + 

hc hg Vhh - -______

((o to Part 5, n. 2)

frorn Orsat data and calculati on sheet (Part 7). —

36
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Part 5, p. 1 0f 2 DEPARTMENT OF HEALTH , EDUCATION , AND W C LFA R~ 
ftUM A i t i t ,V ~ U

Public Health Service RUD E Uk

National Center for Air Pollution Control NO .68R 1056

VELOCITY DATA AND CALCULATION SHEET _ FOR TEST
(Curners an d Was te)

U~ite ~~~~~~~~~~~~~ _ _ _ _ _  
Time 

_ _ _ _

Sam pling noint location ,~~~cst ________ — 
Run 9O._~~_

Stack area (Sdd ) ,  in.2 D4/D.Sf___________ ____________________

ot~: Calculations for S-type pitot tube , C — 0.85 Drawina of stack
cross sect ion

;)istance Stack I Stack temoerature Velocity 
_________

Point froii ref. PreS5.(Pd~)J(T~ ), (1 + 460), head (V ).v x (T + 460) V~~~(T + 460):
- df df b b df b df

in. Hg (gage ) °F 0R 
in. H20

j__ ,,~ 00 3) 5 1 235 
- _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _

- -  

7 . y t O ,o 355 215 S9. S~.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.%S~~~~~~~~~~~~~ 2?� AQ~~T a % .O 54.10

~~~~~ 7•~~~ --
, 

~~, ~~ _ _ _ _  3~e. o Si. 40 — ;
i._~

_ .d~1_. Do 
_ _ _ _- - 

21. ~~~ 3fl z. 
+

3 ~~~7.Y 0.0 355 tI~ 0.q7 
— 

533.0 14.17

_ _ _  —_ _ _ _  —~~~~~~~ _ _ _ _ _  _
~~~~~~~~~~~

. _ _ _ _ _ _L
—I 

_ _ _ _ _  _ _  _ _ _ _ _  _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _

_ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

_ _  _ _ _  _ _ _ _  -_ _

- --. _ _ _  ____-— —
_ _

1~-_ _

- -_ _ _ _  _ _ _ _ _

—-• 1~ 
——

~~~~~~~~~~ I 
_ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _  _____________

-
~

— - _____— —--~~~--- --———

_  _ __ _ _ _ _  _ - -

Avg 
—~~ Avg -__________ Avg (S~~)

I L_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — _ _ _—  _ _ _ _ _  ____J
I i n .  Hg
abs) —

LtPdj) ~dj + 
~aa 

$ 

— —1
0 aa from particulate samplino train sheet (Part 3).
NCAP-20 (12/67)
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Part 5,p . 2 of 2

(13) A. Stack velocity ~ ~d-l 
and Tdf (stack conditions), fom

-— - 1/2

• 4350 X 5de X 

L ~ 
~~~~~~~~ 

V~~

(14) 3. Stack volume P standard conditions , scfm

— 0.123 ~ 
Vdh X S dd ~ ~di — Vdb

(Go to Part 7, p. 2.)

~ca ’ ch from stack moisture 
data and calculation sheet (Part 6).

38
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Part 6, p. 1 of 2 DEPARTMENT OF HEALTH , EDUCATION , AND WELFARE FORM APPROVED
Public Heal th Service BUDGET BUREAU

National Center for Air Pollution Control NO. 68R-l056
APPROVAL EXPIRES

Jan. 1973
STACK MOISTURE CONTENT DATA A~1D ~ALCULATI~~~_fOR TEST

Date - /0 ht4~~~
d
~ /~~7i

Run :Io. Prt
1120 condensed in impingers

(V th),_ml qq.o .

H20 absorbed by silica gel

—
~~~~~~ 

(V cd ), ml 
— ________ 

Q/

Total H20 collec ted
$ (V cb + Vcd ). ml 5i~o .?06.q

_—

Vol of H20 vapor P 70°F an d
29.92 in. Hg — 0.0474 x Vce

(V cf ), cf J.So 7(.
_— ________ ________

~oisture in stack gas
(V~g)i % (from for~u1a below) ,‘i.o ?5.v

lole fraction dry gas, -

(Fl h) (from formula below) 
0.760 0.~~/(,

i’.olecular weight of stack gas

~ ca~ 
(from formula below)

(6) A. Moisture in stack gas (V~q)i %
100 XV cf• Vab + Vcf

(7) 8. .‘iole fraction dry gas (t
~
1ch)

100 - Vcq

39
1
~ i

PiP-21 (12/~~
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_ _ _ _ _  
____

Part 6, p. 2 of 2

(8) C. Molecular weight of stack gas

t1ca 
$ Mbj ~ Mch + 18 (1 — Mch)

(Go to Part 4, p. 2.)

Vab from particulate data and calculation sheet (Part 3).

from Orsat data sheet (Part 7).

130
~(~A~’_2J (I2/E~7)
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Part 7, p. 1 of 2 DEPARTMENT OF HEALTH , EDUCATION , AND WELFARE FORM APPROVED
Public Health Service BUDGET BUREAU

National Center for Air Pollution Control NOb8R—l056
APPROVAL EXPIRES

Jan. 1973
ORSAT DATA AND CALCULATION SHEET

Orsat Analysis - Burner Only (From bag sample)

Samoling point location /s’~~~~~ ’i. 1 I. ~~~~~ a~*661
~~..

Date /0 ~~~~~~~ /474. 
— - 

Time /0t~- /DS~

~~Ana lysfs Anal ysis Ana 1~TsT~~ x wtjmole
1 2 3 Avg mole.wt (dry)

_ _ _ _  _ _ _ _  — 

_ _ _ _ _  
2 /  44/100 

_ _ _

vol (dry ) 
_______-- _________ _____ 

o.e 23/100 + D.oo

_  _ __ _  

32/~~0 _

‘ bk - Avg nolecular wt
of dry stack gas—

Orsat Anal ysis for Test - ‘laste and_~urners (From bag sample)

Date /0/~~ ,6,_I47~. __________T1me /S

~

S

~

-fl.55 Run No. ~
Sa~ipl in j point location _/i,jIe,.,1 4~~~~~~~~~~ b~~~~~~~_ 

-

i~nalysis Analys is Analysis x — wt/mole -

2 3 Avg mole wt (dry) I

ca,_ (V bf) % vol (dry) I .?.? 44/100 /,,‘,

CO_(v~g)~~%~~Ol (dry ) 
_ _ _ _ _  Ho 2~/1O0 j+D.oo I

02 (Vbh ), ~ vol (dry) t I 
i~~~~~ 32/100 +

~2 
(Vbj), % vol (dry) 

_ _ _ _ _ _—-  I 
- 

7,.~~ 28/100 ~~~~~
tibi • Avo molecular wt of 

~~dry stack gas •

131
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Part 7, p. 2 of 2

(28) A. Excess air, %

- 

100 X 
~ bh~ ~~~~~~ — V - $3’?

0.264 X 
~bi 

- (V bh 
-

(Transfer all answers to siminary of results)

(15) B.*C02 contributed by burner, S by volume of stack gas corrected to
test conditions.

v $ v x 
Vhh x G - (~ /)(a?V1&)(~~!(t) 0.7bn bb 
~ib bm

(16) 8. Co2 in stack gas from waste, % vol (dry)
(Go to Part 3, p. 2)

— Vbf — Vbfl — Vba 
—

from velocity data and calculation sheet for test (Part 5).

Vhh from velocity traverse data and calculation sheets (Part 4).

Gbm from incinerator data and calculation sheet (Part 10).

Note : Above calculation corrects CO2 of burner to stack test conditions.

* Note: If CO2 from burners is determined from an analysis of the

natural gas flow, the following equation can be used In place of

equations (15)and (16) to calculate

Z - CO2 from burners , scfm (Determine from natural gas
flow ra te) —

V~~ x Vk,, - (Z x G~~ x 100)
V • ~~ U —
ba

db

42
NCAP—22 (12/b7)
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Part 8, p. 1 of 1 DEPARTMENT OF HEALTH , EDUCATION , AND WELFARE FORM APPROVED
Public Health Service BUDGET BUREAU

Nationa l Center for Air Pollution Control N068R-1056

POUNDS PER h OUR EMISSION CALCULATION 
Jan. 1973

Total particulate collected by train, grams Wla —

Area of sampl ing nozzle, In.2 Wlb 
U

Area of stack, In .2 
~
‘1lc —

Time of particulate test, m m .  - Wld a

EmissIons , lbs/hr t
0.132 x W x U
- 

la 1c _ 
—Wib X 1 1d ay

Note: Suffi cient data and calculations should be included to show that the
- 

-~ oarticulate train was operated within 10 percent of Isokinetic conditions.
Comparison of the probe sampling velocity to the stack gas velocity will
be sufficient for this purpose. To make this comparison It will be
necessary to measure:

1. Stack temperature

2. Stack velocity

3. Sampled gas volume and temoerature

4. Moisture In samoled gas

133

NCA ?—4 0 (12/67)
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Part 9, p. 1 of 1 DEPARTMENT OF HEALTH, EDUCATION , AND WELFARE FORM APPROVED
Public Health Service BUDGET BUREAU

National Center for Air Pollution Control NO. 68R-1056
APPROVAL EXPIRES

Jan. 1973
STICKY PAPER DATA ANt) CALCULATIONS

Date /0fliai.~ ’, 147i

• 

- 

Stack area, In.2 J4’44’ —

Sampling point location —

Run No. 
—

Time Part/ in.2/mln Part/mm
> 60 microns >60 microns

_ _ _ _ _ _ _ _ _ _  

Avg j~q Ava

Note: Particles/mm • stack area x oart/ln.2/min.

14 14

N CAP—26 (12 /67)

— -



~~~~~~~~~~ - .:‘ ~~‘~~

Part 10, p. 1 of 1 DEPARTMENT OF HEALTH , EDUCATION , AND WELFARE FORM APPROVED
Public Health Service BUDGET BUREAU

National Center for Air Pollution Control NO. 68R-1056
APPROVAL EXPIRES

Jan. 1973
INCINERATOR OPERATING DATA AND CALCULATION SHEET

• Date /0 /~~~e4 /47~

Run No. ______________________________

Primary chamber draft Secondary Stack -

laterial Underf ire , chamber opacity
Clock charged, Overflre, in. 1120 Tern Stime lb In. 1120 

(Optional ) oF~ 
Coninents

_ _ _ _ _  _ _ _ _ _  
#1”? 

_ _ _ _ _  
0 

_ _ _ _ _ _ _ _ _

ID - -0.1 
_ _ _ _ _ _ _ _ _  

/41(/~ 0 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

.J1t ‘ZS _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  
0 

_ _ _ _ _ _ _ _ _ _

_ _ _ _  _ _ _ _ _ _ _  

-4 /  
_ _ _ _ _ _ _  

M a e  ~ _ _ _ _ _ _ _ _ _ _ _ _

__ 3~~_._ ~~~ -Al 
_ _ _ _ _ _ _ _ _  

/‘II0 0 
_ _ _ _ _ _ _ _ _ _ _ _ _ _

‘ID 
_ _ _ _ _ _ _ _  

0.1 
— _ _ _ _ _ _ _ _  

I(/ S0 0 53e~*,ocZ ‘~
‘4$ ‘2$ 

_ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _  

0

_ _ _ _  

-4/  
_ _ _ _ _ _  

I.~~O 0 
_ _ _ _ _ _ _ _ _ _

#0 
—_ _ _  

-Al 
_ _ _ _ _  

/‘I5o 0 
_ _ _ _ _ _ _

let —
~~~~~~~~ -- Av~ “—~~~ Avg — Avg •!~~~ Avg •-~~~ ___________________

Fraction of tl no all burners are operating (G~~) - _ _ _ _ _ _ _ _ _

145
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Part Tl , p. 1 of 4
D E F I N I T I O N S

Standard condit ion.  — 70° F and 2 9 . 9 2  in. Hg

scf  — Sta ndard cubic foot  of dry gas @ 700 ? and 29.92 in. Hg

s c fm  — Standard cubic foot per minute of dry gas @ 70°F .and 29.92 i n . H g

Stack coodit ions - stack temperature , p ress u re , and mois tu re .

LIST OF SYMBOLS

Part 3. P a r t i c u l a t e  sam p lin g t ra in  data  and ca l cu l a t i on  shee t

Caa~ 
P a r t i c u l a t e — p r o b e  and cyclone , g ra ins / s d

~~~~ pa r t i cu la te—prob e , cyclone and f ilt e r , gta ins,scf

Cao~ Particulate—total , grain s/scf

Cap e particulate—probe , cyclone and filter , grains / scf

@12 2 C02

Caq~ 
particulate—prob e , cyclone and filter , grains/ .cf

@ 12 2 C02 -

Car e particulate—total , grains scf 12 2 CO 2

Ca.) particulate—probe and cyclone , grains ,scf @ stack

conditions

Cat i particulate—probe , cyclone and filter , grains/cf

@ stack conditions

Cau t particulate—total particulate , grains/cf @ stack

conditions

Cav e particulate — p r obe and cyclone , lb/hr

C aw~ pa r t i cu l a t e  — probe , cyc lone  and f i l t e r , lb /hr

C ax~ pa r t i cu l a t e  - to ta l , lb /hr

~av ’ sampling n o z z l e  diameter , in .

f aa , baro .etric pressure , Jn.H g (Absolute)

- 136
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Part 11, p. 2 of 4

~ a f ’  o r i f i c e  p r e s su re  drop , i n.  H 2 0

Tad) gas meter inlet temperature , °F

T~~~. gas m e t e r  exit temperature ) 
op

T a i l  ave rage gas me te r  t e m p e r a t u r e . O
F

T • net  t i m e  of t e s t , mi n u t e s
aw

pe rcen t  i s o k in e t i c

V b ’ volume of dry gas sampled @ standard conditions ,

ft

~~~~ 
Volume of dry gas sampled @ meter conditions , ft

particulate—probe and cyclone , mg

W ak) particulate—probe , cyclone and filter , mg

W al) particulate — total , mg

Part 4. Velociti traverse data and calcula tion sheet(burners only)

Mhg 
mole fraction dry gas

~hc ’ stack pressure , in .Hg. (absolute)

~hl’ 
barometric pressure , in. Hg .(absoluce)

p
hm , stack pressure , in. Hg. (gage)

stack area , in. 2

She average ~TVeloc1ty head x stack temperature.

average stack temperature , °F

Thi. w et  bu lb  temp e r a t u r e , °F

d ry bu lb  t e m p e r a t u r e , °F 
a

1

V , V e l o c i t y  he ad of s t a c k  gas (b u r n e r  o n l y)  in .  H 2 0

st ack gas v e l o c i t y ,  f p m  @ stack conditions

s t a c k  gas volume @ s t a n d a r d  c o n d i t i o n s , s c fm

Vhj, moisture in stack gas by volume , ~

147
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Part 11, p. 3 of 4

Part S. Velocity data and calculation sheet for test (burners
and w a s t e )

~di ’ s t a c k  p r es su r e 1 i n Hg ( a b s o l u t e )

s t ack  p r e s s u r e , i n.  Hg ( g a g e )

S d d ,  stack area , in 2

Sde , average ~~~~~~~~~ head x stack temperature

T d f ,  s t a c k  te mpera tu re , “ P

Vb . velocity head of stack gas burner and waste , in. H 2
0

Vdb . stack gas volume @ standard conditions , acfm

V dh, stack velocity @ stack condition s , fpm

Part  6. Stack moisture content data and calculation sheet

molecular weig ht of stack gas

mole frac tion of dry gas

V cb l H 20 condensed in imp inge rs , ml

V d ,  H 2
0 absorb ed silica gel , ml -

V , total H 0 c o l l e c t e d , ml
cc 2

V ~~~, vol ume of water vapor collected , Cu f t  @ standard
cSAditions

moisture in s t a c k  gas by volume , 2

Par t 7. Orsat data  and c a l c u l a t i o n  sheet

G bm~ 
fraction of test ti me all burners are operating

molecular weight of dry stack gas (was te and burner)

M b k ,  molec ular weight of dry stack gas (burner only)

V b ,  2 CO
2
froin was te (dry basis)

V bb ) 2 Co 2 
from b urner (dry basis)

2 CO from b urner (dry bas i s)

2 O 2 f r o fn  b u r n e r  ( d r y  b a s i s )

2 N~ f r o m  b u r n e r  (d ry  basis)
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Vbf, 2 CO2 from w a s t e  a nd burner  (dry  b a s i s)
— V

bg~ 
2 CO from waste and burner (dry basis)

Vbh , 2 02 from waste and burner (dry basis)

Vbi l 2 N 2 from waste and burner (dry basis)

Vbl, 2 excess air at sampling point

V , CO contributed by burner , 2 by volume of stack
gk~ cor~ected to test conditions
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