
7 AD-A195 220 COMPLIANCE TESTING OF GRISSOM RF CENTRAL EATING PLANT 1/2

ENYIRONENTAL HEALTH LAG BROOKS AF. J A GARRISON
WICRSSIFIED R 0USRFOL-990 GW2CEF F/ MIL

mhhhhhhhhmhF0h13/mhhhhmhhh



'p

- 22
,e

i, s I

111111.25 IflJl ' .

MOCROC(,Py RESOLUTION TEST CHA

s064

%N

Iw



i rLL .ec._"_

USAFOEHL REPORT 
,J~I

88-050EQ0025CEF

N Compliance Testing of Grissom AFB Central

o ' Heating Plant Coal-Fired Boilers3and4,
Grissom AFB IN

JAMES A. GARRISON, Maj, USAF, BSC

March 1988 DT1C
DTISELECTE D

MAY 2 5 1988 S

Final Report .NH
c'\H

Distribution Is unlimited; approved for public release

USAF Occupational and Environmental Health Laboratory
Human Systems Division (AFSC)

Brooks Air Force Base, Texas 78235-5501

% N

. . . % . , .,

V.-d

. . .v-m. r v"r . . . , ,' , " .* , - 4 - r, -.- ,I - ,r -... ,.-,."v" ",, . . . ,'", , ",. ,.' .. " %



mM..-.- .A - , . L~

NOTICES

When Government drawings, specifications, or other data are used for any purpose other than a
definitely related Government procurement operation, the Government thereby incurs no responsibility
nor any obligation whatsoever. The fact that the Government may have formulated, or in any way
supplied the said drawing, specifications, or other data, is not to be regarded by implication, or
otherwise, as in any manner licensing the holder or any other person or corporation; or conveying any
rights or permission to manufacture, use, or sell any patented invention that may in any way be related
thereto.

The mention of trade names or commercial products in this publication is for illustration purposes and
does not constitute endorsement or recommendation for use by the United States Air Force.

Do not return this copy. Retain or destroy.

Air Force installations may direct requests for copies of this report to: USAF Occupational and
Environmental Health Laboratory (USAFOEHL) Library, Brooks AFB TX 78235-5501.

Other Government agencies and their contractors registered with the DTIC should direct requests for
copies of this report to: Defense Technical Information Center (DTIC), Cameron Station, Alexandria
VA 22314.

Non-Government agencies may purchase copies of this report from: National Technical Information
Service (NTIS), 5285 Port Royal Road, Springfield VA 22161

The Public Affairs Office has reviewed this report, and it is releasable to the National Technical -
Information Service, where it will be available to the general public, including foreign nations.

This report has been reviewed and is approved for publication.

Commander

Reviewed by: I.-

MAR IN L. SWEIGART, Ltol, USAF, BSC
Prepared by: Chief, Environmental Quality Branch

ZMES A. GARRISON, Maj, USAF, BSC E NR. BIRCH, Col, USAF, BSC
Chief, Air Quality Function Chief, Consultant Services Division

We%

64-



IN C 1A SS I 11 1) LI
SECL''?TY CLASS;FICAON OF T-S PAGE

IF.r Approved
REPORT DOCUMENTATION PAGE No 0704 -0788

Is REPORT SECURITY CLASSIFICATiON 1b RESTRICTIVE MARK.NGS
Unc Lisi it-d N.

2a. SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION /AVAILABILITY OF RE"'OR7
IN/ A l tll I 1

2b. DECLASSIFCATiON /DOWNGRADING SCHEDULEI
N/ A

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5 MONITORING ORGANIZATION REPORT NYUMBER(S)

6a. NAME OF PERFORMING ORGANIZATION 610 OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION -

(;SAl' (lik-upliIt Iioni Imd L'Ivi- (fapplicable)

6r- ADDRESS (City, State, and ZIP Code) 7b ADDR.ESS (City, State. and ZIP Code)

Ba. NAME OF FUNDING /SPONSORIN6 8b OFFICE SYMBOL 9 PROCUREMENT INSTRUMENT iDENTIFICATiON NUMBER

ORGANIZATION (If applicable)

SL~iIIL' 1:- 6;1I

5c. ADDRESS (City. State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS %
S:Imc' is 6c PROGRAM IPROJECT ITASK IWORK UNIT

ELEMENT NO NO NO ACCESSION NO

11. TITLE (include Security Classi fication)
C01i11) I it~ ant lc'st (1 imp ti r i m AFl L 'Ilt I-I I (V.1' t i 11g, P I .11im I- I~ i 'd I

Grisii-t AIl) I,%
12. PERSONAL AUTHOR(S)

Mla i Jlmen L' A. I; l rr iacli
13a. TYPE OF REPORT 13b TIME COVERED 114. DATE OF REPORT (Year, Month, Day) 115 PAGE COUNT .

lfIl : 7 FROM 18-.)3 Nov 8iII ~
16. SUPPLEMENTARY NOTATION

17. COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP ('tinp~i I i'c Ii I' .l~' II '-l u . ,

11 ABSTRACT (Continue on reverse if necessary and identify by block number)

32 5--A i r I', I Ilt (il (i ol t cIi I (tiil rd \IAt i cI i'M ) M l I. I I t . IIL I I iI'i P t

!)t r t i cu I i t t' t d k I l ; I)I It' t'XI. 11 tIM t i 1): i" 1) [ 1 I. 1 .. ? lit

%1'
t, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l I lIrl, lL1 i\1,IL! 1,1tIIrl i(ItII r :1

20 DISTRIBUTION, AVAILABILITY OF ABSTRACT 121 ABSSR ACT SFC-IRITY C. 4SS F,(ATON .
C UCLASI~EDLJNLMI E SAME AS RPT EJDTC ijSERS ['1l1,l Mj Ii

22a NAME OF RESPONSIBLE .NDiviDUAL 22b TELEPHONE (include Area, Co) '2C op CE V ~

DO Form 1473, JUN 86 Previous editions ire obsolete SEC..Rl'y CLASS F CA' C\ 0' -is7A
I II, I Ii .



0

CONTENTS

Page

DD Fom 1473
Illustration,; i

1. INTRODUCTION

11. DISCUSSION

A. Background I
B. Site Description
C. Applicable Standards
D. Sampling Methods and Procedures 7 "

Ill. CONCLUSIONS 11

IV. RECOMMENDATIONS 13

References 13

Appendix .

A Personnel Information 15
B State Regulations 19

Coal Analysis 31
Plant Operating Data 39
Boiler 3. Bypass Stack 53

F Boiler 3, Scrubber Stack 77
G Boiler 4. Bypass Stack 1011
H Boiler 4, Scrubber Stack 1 25
I EPA Computer Program Emission Calculations Accession For 149
J Calibration Data NTIS GF.A&I 157 0

, Distribution List []163 , ,,.,
",h ~~Ju ti i 'I oilt n _"° ,,

B yD ...... ...... .. .-,

AV l].l itv Co Csq

Dist Spec iII
. . .% .

L.&i. ~ ' - 1 .'. d.~~ %



- - s ILLUSTRATIONS --

5 OSA SmplngTriLnUT9AION

FigureT Tiartle P9

7 Partiate Sampling Train9

i-V



I. INTRODUCTION

Oi 18-23 Nox ,7, a stationary source s...nphn srver for particulate emissions \ as
conducted on coal-fired boilers 3 and 4 at the Grissom AFB Central Heating Plant. by the Air
Quality Function of the USAF Occupational and Environmental Health Laboratory
(USAFOEHL). This survey was requested by HQ SAC/SGPB to determine partic,!late emission
compliance status with regards to Indiana Administrative Code, Title 325 - Air Pollution C,!)tr,!
Board. Article 5, Opacity Regulations (325 IAC 5). and Article 6. Particulate Regulations (325
IAC 6). Personnel involved with on-site testing are listed in Appendix A.

I. DISCUSSION

A. Background

On 7 Nov 1986. the Director, Air and Radiation Division. U.S. Environmental
Protection Agency (EPA), Region V, issued a notice of violation (NOV) to Grissom AFB for
violation of 325 IAC 5, Opacity Regulations. The NOV was based on infornation submitted hv
the State of Indiana Department of Environmental Management and by the EPA. OhservatioMs
indicated that boilers 3 and 4 and oil-fired boiler I were out of compliance with respect to visible
emissions.

To demonstrate and maintain compliance with 325 IAC 5 and other rules set forth
by the Indiana Air Pollution Control Board, EPA. Region V required Grissom AFB to: (1)
conduct stack particulate emission testing on boilers 3 and 4 as specified in Title 40, Code of
Federal Regulations. Part 60(40 CFR 60). Appendix A, Reference Method 5. (2) determine
visible emissions from boilers 1-4 as specified in 40 CFR 60, Appendix A. Reference Me:hod 9 ,
and (3) request stack testing following future major modifications to the central heating plant.

B. Site Description

The Central Heating Plant operates a total of five boilers for steam productio"n:

Steam Capacity
Boiler No. Manufacturer lb/hr Year Installed Fuel

I Springfield Boiler Co. 40.00() 1955 oil
2 Springfield Boiler Co. 40I).() 1955 oil
3 Springfield Boiler Co. 40,000 1955 coal
4 E. Keeler Co. 40,00() 1960 coal 
5 Zurn Ind. 65.00(0 1990 coal

S.
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Boilers 3 and 4 are spreader-stoker fired units with each having forced-draft and
induced-draft fans and mechanical fly-ash collection systems. The purpose of the forced-draft
fan is to supply air for combustion and that of the induced-draft fan is to maintain a negative
draft condition in the furnace part of the boiler for combustion and removal of gases and to
provide a positive static pressure at flue gas exhaust discharge points. The ash system
pneumatically removes ash from bottom-ash hoppers, sifting hoppers and mechanical collector
hoppers. Both units are fitted with a steam-operated soot blower to remove fly-ash and soot from
heat exchanger tubing.

Air pollution control consists of individual cyclonic dust collectors on each boiler
and a wet scrubber common to the three coal-fired boilers. The multiclone dust collector, Model
9VM-10, is manufactured by Western Precipitation Division - Joy Manufacturing Co. Each
collector consists of 36 nine-inch diameter cyclonic collectors operating in parallel. The units are
located in the boiler exhaust duct upstream of the induced-draft fan. Ash collected by the
multiclones is carried by gravity to a hopper.

The exhaust effluent from each boiler is ducted to a common breeching and can be
routed to the wet-scrubber or to a bypass stack. The scrubber is a double-alkali flue-gas.

desulfurization system using soda ash(sodium carbonate) in the scrubbing fluid and lime
(calcium hydroxide) slurry for regeneration of the scrubbing liquid. The primary purpose of the Re
unit is to remove sulfur from the flue gases; a secondary purpose is to remove particulates from
the flue gases. The system has two identical scrubber units each designed to handle 50% of the PW
flue gases from the three coal-fired boilers. Each unit has a 5 ft diameter stack and terminates %

about 70 feet above the ground. There is no requirement at this time to use the scrubber system •
because of the low-sulfur coal being used by the plant. The bypass stack has a 5.5 ft diameter
and terminates approximately 70 ft above ground level. The scrubber stacks and the bypass stack
can be seen in Figures 1. 2 and 3. A flue gas flow diagram is shown in Figure 4.

C. Applicable Standards

The monitoring requirements, opacity regulations and particulate regulations are
defined under 325 IAC 3, 5 and 6 respectively. Article 5 states that visible emissions shall not
exceed an average of 40% opacity in 24 consecutive readings or 60% opacity for more than a
cumulative total of 15 minutes (60 readings) in a 6-hour period. 0

Under 325 IAC 6. the maximum allowable particulate emission rate from the
combustion of1 fuel for indirect heating is determined by the following equation:

Pt = Cxaxh
0.75 0.25

76.5 x Q x N

2
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Where: .,

Pt =Pounds of particulate matter emitted per million Btu heat input (Ib/nmmBtu).

C =Maximum ground level concentration with respect to distance from the point source ,

..-

at the "critical" wind speed for level terrain (50 micrograms per Cubic mleter- .-.i
provided in standard). "?

.-

Q =Total Source raximlunl operating capacity rating in million Btu per hour(mrnBtu/hr)
heat input (50.8 rnmBtu/hr determined from plant operation). -'

N Number of stacks in fuel burning operation 1

a = Plume rise factor !(0.67 used for Q less than or equal to 1,0100 mnBtu/hr) heat input.O

h = Stack height in feet (70 ft). "

T limit on particulate emissions determined b tile above equation and values of the

variables applicable to this facility is 1.6 lb/lmBtu. However. parmic late emissions from

facilities used for indirect heating purposes which were existing and in operation on or beore
June 9 1972, shall in no case exceed 0.8 lb/rnmBtu heat input. State regulations are presented in

Appendix B. ,

D. Sampling Methods and Procedures f

Boilers 3 and 4 were tested through both tie scrubber and bypass stacks. Only
scrubber B was tested since we assumed that it mimicked the operation of scrubber A. %

, Coordination was rmade with plant personnel to operate each boiler at 9517( capacity or greater"
during testing. One of the three runs which comprised a complete test included a soot blow. thisis indicated o the field data sheets. Boiler operating logs for the test periods are provided in

Appendix C. These logs indicate hourly steam Output and coal usage, Laborato results for the

coal analysis are provided i Appendix D. Each coal sample represents an integrated sample

Collected overa particular one hour test run as noted oin the analsis sheet. a r

; ~325 IAC 3 requires that all emissions tests be conducted in accordance with tie.-,.
procedures and analysis methods specified in 40 CFR 60, Appendix A, Methods 1-5. Therefore.
test methods, equipment, sample train preparations, sampling and recover, calibration

requirements and qualit assurance were tete in accordance with tsb e methods and procedures

I routlined in 40 CFR 6n, Appendix A.

.
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Inspection of the stacks indicated that sampling ports had already been installed on pep.
the scrubber stack and were located 1.4 stack diameters upstream from the stack exit and 5.6
stack diameters downstream from any disturbance (cyclonic separator). Based on a 5 ft inside .0,
stack diameter, port location and type of sample (particulate), a total of twenty traverse points
were determined for emission evaluation. Sampling ports had to be installed on the bypass stack 0

and were located 2 stack diameters upstream from the stack exit and 7 stack diameters .
downstream from the nearest disturbance (common breeching inlet). Based on a 5.5 ft inside ,
stack diameter, port location and type of sample (particulate). a total of twelve traverse points
were determined for emission evaluation. The sampling time for each sampling run was 60
minutes; therefore, the sampling time for each point in the scrubber stack was 3 minutes and the
time for each point in the bypass stack was 5 minutes. Illustrations showing port locations and
sampling points are provided in Appendixes E - H.

Prior to every sample run on each stack, a preliminary velocity pressure traverse
was accomplished and cyclonic flow was determined. For acceptable flow conditions to exist in
a stack, the average of the absolute value of the flow angle taken at each traverse point must be
less than or equal to 20 degrees. The flow angle in the bypass stack averaged 15-17 degrees
which indicated an acceptable flow condition. Initially, the flow angle in the scrubber stack
averaged 24 degrees. This was caused by the tangential entry of the flue gas into the cyclonic
separator. Straightening vanes were installed directly above the cyclonic separator which
brought the average flow angle to 9 degrees.

During each sample run, a flue gas sample for orsat analysis (measures oxygen. and .7
carbon dioxide for stack gas molecular weight determination) was taken. Orsat sampling and
analysis equipment are shown in Figures 5 and 6. Flue gas moisture content, also needed for 9

determination of gas molecular weight, was obtained during particulate sampling.

Particulate samples were collected using the sampling train shown in Figure 7. The
train consisted of a button-hook probe nozzle, heated inconel probe, heated glass filter, impingers
and pumping and metering device. The nozzle was sized prior to each sample run so that the gas
stream could be sampled isokinetically" in other words, the velocity at the nozzle tip was the *-s

same as the stack gas velocity at each point sampled. Flue gas velocity pressure was measured at
the nozzle tip using a Type-S pitot tube connected to a ten inch inclined-verticle manometer.
Type K thermocouples were used to measure flue gas as well as sampling train temperatures.
The probe was heated to minimize moisture condensation. The heated filter was used to collect
particulate materials. The impinger train(first, third and fourth impingers: modified
Greenburg-Smith type, second impinger: standard Greenburg-Smith design) was used as a
condenser to collect stack gas moisture. The pumping and metering system was used to control
and monitor the sample gas flow rate. 0

A1%
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Emission calculations were done using two different computer packages. The first
of these is entitled "Source Test Calculation and Check Programs for Hewlett-Packard 41
Calculators" (EPA-340/I-85-018) developed by the EPA's Office of Air Quality Planning and
Standards, Research Triangle Park NC. This has been our standard method for calculating
emission data. The second package is entitled "Stack-Pack" and was developed by Mr B.B. ,
Booth, Shasta County Air Quality Management District, Redding CA. Stack-Pack is made for
the minicomputer. Since Stack-Pack runs on the minicomputer and provides resultant
calculations in a simple report format, we decided to use it for this project. First, however, it was
compared to the EPA program for accuracy. We found it compared very favorably and was even 2

slightly more conservative than the EPA programs. Therefore, calculations for this project were
made with Stack-Pack. All sampling data and resulting calculations from the Stack-Pack
program are presented in Appendixes E-H; calculations from the EPA programs are found in
Appendix I. Calibration data is presented in Appendix J.

III. CONCLUSIONS

The following table provides operating parameters for boilers 3 and 4 during testing and
the resultant particulate emission rates determined from these tests. Results indicate that boiler 3
and 4 emissions through the bypass stack were well below the emission standard of 0.80
lb/mmBtu with particulate emission rates of 0.32 lb/mmBtu and 0.48 lb/mmBtu respectively.
Boiler 3 emissions through the scrubber were above the standard with an emission rate of 4.18 JP
lb/mmBtu. Boiler 4 emissions through the scrubber were below the standard with an emission
rate of 0.69 lb/mmBtu.

We believe a number of factors contributed to the high particulate loading experienced
with boiler 3 scrubber emissions: (1) the low percentage of carbon dioxide(C0 2) in the effluent

and (2) the fact that material collected on the filter probably contained soda ash residue from the
scrubber. The low percentage of CO2 found in the flue gas contributed to the high emission rate

since this rate is corrected to 12% CO 2. Probable cause of the low CO 2 value was: (1) scrubber

liquid absorbing CO2 from the flue gas and (2) outside air being drawn into the scrubber through

the bypass stack. However, low CO 2 was not the primary factor since boiler 4 emissions through J-

the scrubber were below the standard with essentially the same low percentage of CO2 in the gas

stream. Also, boilers 3 and 4 performed essentially the same through the bypass stack.

It appears that the primary cause for the high emission rate was an upset in the operation
of the scrubber such as too high a concentration of soda ash in the scrubbing liquid, thereby
causing a carry-over of lime out of the stack.

11 .
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IV. RECOMMENDATIONS

It is our recommendation that flue gas from the coal-fired boilers continue to be routed .

~~through the bypass stack and that the scrubber not be used until retesting conducted to deteniiine '

i the high stack emissions. The scrubber system will be evaluated when we conduct stack o
emission testing on boiler 5 during March 1988. At this time we will evaluate inlet/outlet flue
gas composition to scrubber B(the one tested) and A, as well as evaluating boiler emissions
through both scrubber systems(this includes a retest of boiler 3 through the scrubber). 5P*_
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Environmentalv 97 Protection Agency, EPA-340/1-85-018, Research Triangle Park, North Carolina,"-',
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371:0530 STATE AIR LAWS

(B) When the owner or operator elects M 64.07 for sulfur dioxide and 46.01 (C) Report the average sulfur dioxide
under Section 8(a) /325 IAC 3-2-3(1)1 of for nitrogen oxides. emission for each 3-hour period in excess
this Rule to measure carbon dioxide in the C = as above but measured in terms of of the emission standard set forth in 325
flue gases, the measurement of the pollu- pounds/dry standard cubic meter (lb/ IAC 7-1 (formerly known as APC-13), in
tant concentration and the carbon dioxide dscm) or grams/dry standard cubic meter the quarterly summary.
concentration shall each be on a consis- (g/dscm). (3) For nitric acid plants the owner or
tent basis (wet or dry) and the following F,F, = a factor representing a ratio of operator shall:
conversion procedure used; the volume of dry flue gases generated to (A) Establish a conversion factor ac-

the calorific value of the fuel combusted cording to the procedurders of Section
E CF (100) (F), and a factor representing a ratio of 60.73(b) of 40 CFR Part 60;

(070 CO') the volume of carbon dioxide generated to (B) Multiply the conversion factor by
(C) When the owner or operator elects the calorific value of the fuel combusted the average nitrogen oxides concentration 0

under Section 8(a) 1325 lAC 3-1-8(1)] of (F), respectively. Values of F and F, are in the flue gases to obtain nitrogen oxides
this Rule to measure sulfur dioxide or given in Section 60.45(f) of 40 CFR Part emissions in lb/ton;
nitrogen oxides in the flue gases, the 60, as applicable. (C) Report the average nitrogen oxides,,
measurement of the pollutant concentra- F, = a factor representing a ratio of the for each averaging period in excess of the N
tion and the sulfur dioxide and/or the volume of wet flue gases generated to the emission standard set forth in 325 IAC %
nitrogen oxides concentration(s) shall calorific value of the fuel combusted. 10-1 (formerly known as APC-17), in the
each be on a wet basis and the following Values of F. are: quarterly summary. 0
conversion procedure used except where (i) For anthracite coal as classified ac- (4) Alternate Data Reporting and
wet scrubbers are employed or where cording to A.S.T.M. D388-66, F, = Reduction Procedures.
moisture is otherwise added to the stack 1.188 wscm/million calories (10580) wscf/ (A) Alternate procedures for com-
gases; million BTU). puting emission averages that do not re-

(ii) For sub-bituminous and bitum- quire integration of data may be approved

E = CF (20.9) inous coal as classified according to by the APCB if the owner or operator
(20.9 (l-k)-o0j A.S.T.M. D388-66, F, = 1.200 wscm/ shows that his procedures are at least as

(D) When the owner or operator elects million calories (10680 wscf BTU). accurate as those in this Rule [325 lAC
ud) eer Section 8(a) per251At3-1-81 o f le (iii) For liquid fossil fuels including 3-11.

this Rule to measure sulfur dioxide or crude, residual, and distillate oils, F,, = (B) Aernative methods of converting
nitrogen oxides in the flue gases the 1.164 wscm/million calories (10360 pollutant concentration measurementsto

wscf/million BTU). units of the emission standard may be ap-,
measurement of the pollutant concentra-
tion and the sulfur dioxide and/or the (iv) For gaseous fossil fuels: for natural proved by the APCB if the owner or

gas, F, = 1.196 wscm/rniflion calories operator shows that his procedures are at Snitrogen oxides concentrations(s) shall ,-'

each be on a wet basis and the following (10650 wscf/milion BTU; for propane, F, Icast as accurate as those in this R e [325
- 1.150 wscm/million calories (10240 1AC 3-1]. ..-'e

crubersor mroisure ised herwiereset wscf/million Btu); for butane F. = 1.172 R . e i d
scrubbers or moisture is otherwise present wscm/million calories (10430 wscf/mil- Rule 2. Source Sampling Procedures
in the stack gases provided water vapor lion BTU). Sec. I. Applicability. this rule applies tocontent of the stack gas is measured at,.'coet ofe ter teegasni muesue ate B. = proportion by volume of water any emissions testing performed in the

same point as the pollutant and oxygen vapor in the ambient air. State to determine compliance with appli- 0
Bmu = proportion by volume of water cable emission limits contained in this Ti- -.

vapor in the stack gas. tie (Air Pollution Control Board Rules), 0
(20.9) 0602, 07oCO 2 = Oxygen or carbon dioxide or fur any other purpose requiring review

E = C,,, F volume (expressed as percent) determined and approval by the APCB,(20.9 (11-B - To0 with equipment specified under Section 8 Sec. 2. Adoption of Federal Test Proce-

(E) The values used in the equations [325 IAC 3-1-81 of this Rule. dures. Emissions tc,ts ;ubject to this ,.Xp
under this Section are derived as follows: E = pollutant emission, lb/million BTU. Rule shall be conducted in accord- ]
C,,, = pollutant concentration at stack (2) For sulfuric acid plants the owner micc vith the procedures and analysis
conditions, g/s,scm (grams/wet standard or operator shall: methods specified in Title 40, Code of
cubic meter), lb/vscm (pounds/wet (A) Fstablish a conversion factor three Federa1l Regulations Part 60, Appendix A
standard cubic meter), determined by times daily according to the procedures of and Part 61 .\ppendix H. as in effect on
multiplying the average concentration Section 60.S4(b) of 40 CFR Part 60; I)cccmber 2, 1981. Such test metho(dS,
(ppm) for each one hour period by 4.15 X (B) Multiply the conversion factor by equipment, calihratiorn rcquirements, and
I0"t Mg/s,,cm per ppm (2.59 X I(Ir N1 the ascrave sulfur dioxide conccntration anals.si, must bc ,trictl fullos,,d unles,,

,cm per ppm) w, here M is pollutant in the flue gases to obtain as crage sultur othcr%%ie i pprocd by the Bo-trd or the
molecular 5%eight, g/g-mole (IbiIb-mole). dioide emi ,ions in lb,"ton: and Tcchnical Secrctar . If I .n test methd is
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revised as contained in the Code of Feder- must be approved by an authorized on-site (A) Date and type of tests,
al Regulations, this Rule is subject to staff member. (B) Type of process and control
change pursuant to IC 4-22-2. (d) The Board or the Technical Secre- eq u i pm e n t, eA

Sec. 3. Requirements Prior to Conduct- tary reserves the right to conduct any (C) Plant name and location, 
ing Tests. (a) When a test is to be per- portion of the reference method tests. In (D) Purpose of test, and 4*0
formed by any person other than staff, a such case, a 25-day notice of proper test (E) Test participants and titles.
test protocol form shall be completed and procedures will be given to the company (3) Results summary, containing:
received by the Board no later than 35 and their testing representative. (A) Tabulated data and results of each
days prior to the intended test date. Such-:- (e) The source operator must notify the test run, process weight rate or heat input
test protocol shall be on a form approved " Board of the actual test date at least two rate, the stack gas flow rate, the measured
by the Board. Any special or unique infor- weeks prior to the date. emissions given in units consistent with the
mation relative to the scheduled test shall Sec. 4. Performance of Test. (a) Staff applicable emission limits, and the visible
be included with the form. may observe the field test procedures and emissions or aver-ige opacity readings, and

(b) After evaluating the completed test plant operation during the test. (B) Allowable emission rate.
protocol form, the Board or the Technical (b) All tests shall be conducted while (4) Process information, including:
Secretary. the source is operating-at between 95% to (A) Description of process and control

(I) Inspect the test site. 100% of its maximum operating capacity, device,
(2) Require additional conditions, in- or under other capacities or conditions (B) Process flow diagram,

cluding, but not limited to the following- specified and approved by the Board or (C) Maximum design capacities,
(A) Reasonable modifications to the the Technical Secretary. For the purpose (D) Fuel analysis and heat value for

stack or duct to obtain acceptable test of this rule, maximum operating capacity heat input rate determination,
conditions. means the maximum design capacity of (E) Process and control equipment op- ,

(B) A pretest meeting to resolve an the source or other maximum operating erating conditions during tests, ,'"
acceptable test protocol, capacities agreed to by the source and the (F) Discussion of variations from nor-

(C) Additional tests to allow for adverse Board or the Technical Secretary. mal plant operations, and
conditions such as interferences, non- (c) Sources subject to Article 12 of this (G) Stack height, exit diameter, volu-
steady or cyclic processes. Title (New Source Performance Stand- metric flow rate (acfm), exit temperature,

(D) The keeping of process operating ards) shall be tested under conditions as and exit velocity.
parameter records, operating logs or specified in the applicable Rule. (5) Sampling information, including: ..

charts during the test, (d) Calibration results of the various (A) Description of sampling methods
(E) Conditions on control equipment sampling components must be available used,

operation to make it representative of fu- for examination at the test site. The infor- (B) Brief discussion of the analytical
ture normal operation.or mation must include dates, methods used, procedures with justification for any vari-

(F) The recording of specified control data and results. All components requiring ance from standard procedures.
equipment operating parameters during calibration must be calibrated within 60
the test. days prior to the actual test date. Post test (C) Specification of the number of sam-

(c) If the Board or the Technical Secre- calibrations must be performed on the pling points, time per point, and total

tary requires modifications to the test components within 45 days after the actu- sampling time per run,
methods, analytical methods, operational al test date or before the equipments' next (D) Cross sectional diagram showing
parameters or other matters included in field use whichever comes first. Compo- sampling points, diagram showing stack
the test protocol, or if a pretest meeting is nents requiring calibration are listed in the dimensions, sampling location and dis-
required, the source operator and the test- Federal test methods specified in Section 2 tance from the nearest flow disturbance
ing firm shall be notified by letter or above. Calibration' need not be done be- upstream and downstream of the sampling
telephone at least 25 days prior to the tween tests when several facilities at one points, and " I
proposed test date. The source operator location are tested in series, as long as the (E) Sampling train diagram.
will receive notice of the acceptability of units are calibrated prior to the first test (6) Appendix, containing:
the test protocol from the Board or the and after the last test in the series which is (A) Sampling and analytical procedures
Technical Secretary within 10 days of its conducted at that site. (B) Results and calculations - One
receipt. If the source operator or test firm Sec. 5. Test Results and Reports. (a) complete calculation using actual data for
desires to change any previously submitted All tests shall be reported to the Board or each type of test performed must be
procedures or conditions, the Board must the Technical Secretary in the form of a shown. Results must be stated to units
be notified of such change at least 25 days test report containing the following infor- consistent with the applicable emission
prior tot he intended test date, and such mation (which can be kept confidential limitation. ..
changes cannot be made unless approved upon request): (C) Raw production data signed by
by the Board or the Technical Secretary (I) Certification by team leader and plant official.
prior to the test. Changes in the test proto- reviewer. (D) Photocopies of all actual field data
col that result from emergency conditions (2) Introduction, containing: or original raw field data.
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(E) Laboratory report with chain of - (6) The total sample volume per repeti- the total non-methane organic (TNMO)
custody shown. tion shall be no less than thirty (30) dry emissions.

(F) Copies of all calibration data, standard cubic feet (dscf). (2) At least three (3) duplicate samples
(G) Applicable regulations showing (7) The total particulate weight collect- must be collected and analyzed.

emission limitation, and ed from the sampling nozzle, probe, cy- (3) The total test time per repetition S
(H) Copies of visible emissions observa- clone (if used), filter holder (front half), shall be a minimum of sixty (60) minutes.

tions or opacity monitor readings (for TSP filter and connecting glassware shall be Sec. 7. Invalid Tests. Any tests not
tests). reported. Particulate analysis of the im- meeting the requirements of this Rule

(b) Unless previously agreed to in writ- pinger catch_is not- required unless speci- may be treated by staff and the Board as
ing by the Board or the Technical Secre- fied by staff. . invalid for any and all purposes.
tary, all test reports must be received by (b) Sulfur dioxide (SO2) tests shall be Sec. 8. Board Resolves Disputes. A
the Board within forty-five (45) days of conducted in accordance with the follow- source operator or testing firm may appeal 0
the completion of the testing. ing procedures: to the Board any decision made by staff

Sec. 6. Special Requirements for Test- (I) Method 6 or Method 8, Title 40 under the discretionary terms of this Rule.
ing Certain Pollutants. (a) Particulate Code of Federal Regulations, Part 60, Ap- Any person desiring to make such an ap-
matter tests shall be conducted in accord- pendix A, as in effect on December 2, peal shall notify staff of the matters to be 4/
ance with the following procedures: 1981, or other procedures approved by the appealed, and, if agreement cannot be

(I) Method 5, Title 40 Code of Federal Board or the Technical Secretary shall be reached, the matter shall be presented to
Regulations, Part 60, Appendix A, as in used. the Board for a final determination. The 0
effect on December 2, 1981, or other pro- (2) At least three (3) repetitions of two Board may appoint one of its members to
cedures approved by the Board or the (2) samples, each of Method 6 or three (3) hear the matter and make recommenda-
Technical Secretary shall be used. repretitions of Method 8 performed under tions for a final decision by the full Board.

(2) Visible emissions (VE) evaluation identical source operting conditions, shall
shall be performed in conjunction with a constitute a test. ARTICLE 4. BURNING
particulate emissions test by a qualified (3) During each of the repetitions for REGULATIONS
observer in' kci icwith the pr6cc:- Method 8, each sampling point shall be
dure, oinitained in 325 INC' 5-1-4. VE sampled for a minimum of two (2) Rule 1. Open Burning
readings shall be continuously recorded minutes. Sec. 1. Applicability-This Rule [325
for at least 30 minutes per hour of sam- (4) The total test time per repetition JAC 41-] establishes standards for the
piing time for each sampling repetition. A shall be as follows: open burining of material which would
variance from this requirement may be (A) Method 6 - a minimum of 20 result in emissions of regulated pollutants
granted by the on-site staff person for one minutes per run with a 30 minute interval and applies everywhere in the State.
repetition only and provided that adverse between each run, or However, this Rule [325 IAC 4-1] shall
conditions exist which would invalidate (B) Method 8 - a minimum of 60 not apply in areas where acts permitted by
the VE readings. Sources equipped with minutes per run. Section 3 1325 1,AC4-1-3] or authorized by
continuous opacity monitors may submit variance pursuant to Section 4 [325 lAC
the monitor's instantaneous or six-minute (5) The total sample volume per repeti- 4-1-4] are prohibited by other State ,.
integrated readings during the sampling tion under Method 8 shall be no less than and/or local laws, regulations, or or-period, in lieu of performing VE observa- 40 dry standard cubic feet (dscf). dinances such as IC 13-7-4-1(g).
tions; provided, (c) Nitrogen oxide tests shall be con- Sec. 2. Prohibition-No persons shall

(A) The monitoring system meets the ducted in accordance with the following open burn any material except as provided
Performance Specifications Tests I as procedures: in Section 3 [325 JAC 4-1-3] or Section 4
specified in 40 CFR 60, Appendix B as in (1) Method 7, Title 40, Code of Federal [325 IAC 4-1-41.
effect on December 2, 1981, and Regulations, Part 60, Appendix A as in Sec. 3. Exemptions. (a) The following

(B) The monitor readings submitted effect on December 2, 1981, or other pro- types of fires are permitted:
with the test include a zero and span cedures approved by the Board or the (I) Fires celebrating Twelfth Night
calibration check at the start and end of Technical Secretary shall be used. Ceremonies.
each test. (2) At least three (3) repetitions of four (2) Fires celebrating school pep rallies.

(3) At least three (3) repetitions of the (4) samples each shall constitute a test. (3) Fires celebrating scouting activities.
test must be performed under identical (d) Volatile Organic Compounds (4) Camp fires.. ,.~ ~~~~~~~~ othms b efredudrier-ca (VOC) emissions tests shall be conducted ,Z'

source operating conditions unless other- (5) Residential burning-where *

wise allowed by the Board or the Techni- in accordance with the following residence contains four or fewer units.
% cal Secretary, procedures: Burning shall be in a noncombustible con-

(4) During each of the repetitions, each (I) Method 25, Title 40 Code of the tainer with enclosed sides a bottom, and a
sampling point shall be sampled for a Federal Regulations, Part 60, Appendix A mesh covering with openings no larger S
minimum of two (2) minutes. as in effect on December 2, 1981, or other than 1/4" square. Burning is prohibited in

(5) The total test time per repetition procedures approved by the Board or duly apartment complexes and mobile home
shall be no less than sixty (60) minutes. authorized stalf member shall be used for parks.
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(6) Farm burning-wood products combustible material which constitutes or (1) Approval of the Board or its
derived from farming operations. Clear- contributes to a fire causing air pollution designated agent must be obtained prior °
ing operations (Section 4(a)(4) 1325 JAC shall not be excused from responsibility to operation at a new project site.
4-1-4(a)(4)] are not considered farm burn- therefore on the basis that said fire was ac- (2) Only wood products shall be burn- ,,
ing. cidental or an act of God. ed.

(7) Waste oil burning-where the Rule 2. Incinerator (3) Merchantable material shall be
waste oil has been collected in a properly Sec. I. Applicability-This Rule [325 salvaged where practicable. % ,kN

constructed and located pit as prescribed 1AC 4-2] establishes standards for the use (4) The local health department shall
in 310 IAC 7-1-37(A) (Rule 37A of the of incinerators which emit regulated be notified prior to any burning.
Division of Oil and Gas, Department of pollutants. This rule [325 lAG 4-21 does (5) All burning shall be conducted
Natural Rersouces) at an oil well. Each oil not apply to incinerators in residential under favorable meteorological condi-
pit may be burned once every two (2) units consisting of four or fewer families. tions.
months and all the oil must be completely All other incinerators are subject to this (6) Burning shall occur during daylight 0
burned within thirty (30) minutes after ig- rule. [325 JAC 4-2]. hours and all material shall be consumed
nition. Sec. 2. Stationary Incinerators-All by sunset.

(b) All exemptions shall be subject to stationary incinerators shall: (7) If burning creates an air pollution P.t
the following: (I) Consist of primary and secondary problem, a nuisance or a fire hazard, the

(1) Only wood products shall be burn- chambers or the equivalent, burning shall be terminated immediately.
ed unless otherwise stated above. (2) Be equipped with a primary burner (8) The incinerator shall be maintained

(2) Fires shall be attended at all times unless burning wood products. and operated according to the manufac- S
until completely extinguished. (3) Comply with 325 IAC 5-1 (formerly turer's recommendations and in a manner

(3) If fires create an air pollution known as APC 3) and 325 IAC Article 2 approved by the Board or its designated
problem, a nuisance, or a fire hazard, they (formerly known as APC 19). agent.
shall be extinguished. (4) Be maintained properly as specified (9) The installation and operation of

(4) All residential, farm operation, and by the manufacturer and approved by the such an apparatus shall comply with all
waste oil burning shall occur during Board or its designated agent. other state and/or local regulations or or-
daylight hours during which the fires may (5) Be operated according to the dinances.
be replenished, but only in such a manner manufacturer's recommendations and on- (10) A portable incinerator shall com- .,."
that nearly all of the burning material is ly burn waste approved by the Board or its ply with both 325 IAC 5-1 (formerly known
consumed by sunset. designated asgent. as APC 3) and 325 IAC, Article 2 (former-

(5) No burning shall be conducted dur- (6) Comply with other state and/or ly known as APC 19).
ing unfavorable meteorological condi- local regulations or ordinances regarding
tions such as temperature inversions, high installation and operation. ARTICLE S.
winds, air stagnation, etc. (7) Be operated so emissions of hazard- OPACITY REGULAIONS

Sec. 4. Variances. (a) Burning with ous material including, but not limited AIZT
prior approval of the board or its to, viable pathogenic bacteria, dangerous Rule 1. Opacity Limitations
designated agent may be authorized for chemicals or gases, or noxious odors are Sec. 1. Applicability. (a) This rule [325
the following: prevented lAC 5-1/ shall apply to all visible emis- .4-0

(I) Emergency burning of petroleum (8) Not emit particulate matter in ex- sions (not including condensed water e
products. cess of the following: vapor) emitted by or from any facility or

(2) Burning of refuse consisting of (A) Incinerators with a maximum source except those sources or facilities 0
material resulting from a natural disaster. refuse-burning capacity of 200 or more for which specific visible emission limita-

(3) Burning for the purpose of fire pounds per hour: 0.3 pounds of par- tions are established by 325 IAC, Article
training. ticulate matter per 1,000 pounds of dry 11,325 IAC, Article 12, or 325 IAC, Arti-

(4) Burning of natural growth derived exhaust gas at standard conditions as cor- cle 6. % .7
from a clearing operation, i.e., removal of rected to 50% excess air. (1) The requirements of Section 2(a)(1) "%
natural growth for change in use of the (B) All other incinerators: 0.5 pounds 1325 IAC 5-1-2(a)] shall apply to sources
land. of particulate matter per 1,000 pounds of or facilities located in attainment areas for S

(5) Burning of highly explosive or other dry exhaust gas at standard conditions particulate matter, designated in 325 IAC
dangerous materials, corrected to 50q7o excess air. 1.1-3 (formerly known as APC 22).

(b) Burning not exempted by Section 3 (9) Not create an air pollution prob- (2) The requirements of Section 2(a)(2)
[325 lAC 4-1-3] may be permitted with lem, a nuisance or a fire hazard. If any [325 1AC5-1-2(a)(2)] shall apply to sources
prior receipt of a variance application and of the above result, the burning shall be or facilities located in nonattainment
approval of the Board. (Air Pollution terminated immediately areas for particulate matter as designated
Control Board) Sec. 3. Portable Incinerators-All port- in 325 IAC 1.1-3 (formerly known as APC

Sec. 5. Liability-Any person who able incinerators shall be subject to the 22).
allov, s the accumulation or existence of following conditions: (b) Soirce, or facilities located in areas

5-24-85 Published by THE BUREAU OF NATIONAL AFFAIRS. INC. Washington, D C. 20037 67 'V

240

V V ~% %:% ~ ' d V... -. ~ . -L



371:0534 STATE AIR LAWS

designated as unclassifiable or attainment ceed the applicable opacity limit establish- made in accordance with subsections (1)
areas in 325 IAC 1.1-3 (formerly Regula- ed in Section 2(a) 1325 lAC 5-1-2(a)," and (2) below.
tion APC 22) which became subject to however, visible emissions shall not ex- (i) Determination of visible emissions
more stringent limitations as a result of ceed an average of 600 opacity and emis- by means of a qualified observer shall be
said area being redesignated as a nonat- sions in excess of the applicable opacity made according to the following provi-
tainment area by the Board, shall comply limit shall not continue for more than 10 sions (A) through (H).
with such limitations as expeditiously as continuous minutes on one occasion in (A) Position-The qualified observer
practable, but no later than December 31, any 24-hour period, shall stand at a distance sufficient to pro-
1982. No later than 60 days after the (b) Cleaning Boilers-When removing vide a clear view of the emissions with the
promulgation of the nonattainment des- ashes from the fuel bed or furnace in a sun, if visible, oriented in the 140 ° sector
ignation in 325 IAC 1.1-3, all sources or boiler or blowing tubes, visible emissions to his back. Consistent with maintaining
facilities subjected to more stringent visi- may exceed the applicable opacity limit the above requirement, the observer shall, •
ble emission limitations by their redes- established in Section 2(a) [325 IAC as much as possible, make his observa-
ignation shall submit to the Board for 5-1-2(a)J; however, visible emissions shall tions from the position such that his line
approval a schedule for attaining com- not exceed 60%70 opacity and visible emis- of vision is approximately perpendicular
pliance with this Rule (325 IAC 5-11. sions in excess of the applicable opacity to the direction of the visible emissions

Sec. 2. Emission Limitations. (a) Visi- limit shall not continue for more than five (plume where applicable), and when
ble emissions from any source or facility continuous minutes on one occasion in observing opacity of emissions from rec-
shall not exceed any of the following any 60-minute period. Such emissions tangular outlets (e.g., monitors open S
limitations. Unless otherwise stated, all shall not be permitted on more than three baghouses, noncircular stacks), approx-
visible emissions shall be observed in ac- occasions in any 12-hour period. imately perpendicular to the longer axis of
cordance with the procedures set forth in (c) Facilities not temporarily exempted the outlet. The observer's line of sight
Section 4 1325 IAC 5-1-41 of this rule: by Subsections (a) and (b) above may be should not include more than one plume
(1) Sources or facilities of visible emis- granted special temporary exemptions by at a time when multiple stacks are involv-

sions located in attainment areas for par- the Board of the same duration and type ed, and in any case the observer should
ticulate matter shall meet the following authorized therein provided that the make his observations with his line of •
limitations: facility proves to the satisfaction of the sight perpendicular to the longer axis of

(A) Visible emissions shall not exceed, Board that said exemptions are needed such a set of multiple stacks (e.g., stub
an average of 400o opacity in 24 con- and that during periods of startup and stacks on baghouses).
secutive readings. shutdown, owners and operators shall, to (B) Field Records-The observer shall

(B) Visible emissions shall not exceed the extent practicable, maintain and record the name of the plant, emission
600 opacity for more than a cumulative operate any affected facility including air location, type of facility, observer's name
total of 15 minutes (60 readings) in a pollution control equipment in a manner and affiliation, and the date on a field S
6-hour period, consistent with good air pollution control data sheet. Time, estimated distance to rt

(2) Sources or facilities of visible emis- practice for minimizing emissions. Deter- the emission location, approximate wind
sions located in nonattainment areas shall mination of whether acceptable operating direction, estimated wind speed, descrip-
meet the following limitations: and maintenance procedures are being tion of the sky conditions (presence and

(A) Visible emissions shall not exceed, used will be based on information avail- color of clouds), and visible emissionsan average of 30To opacity in 24 readings. able to the Board, which may include, but (plume where applicable) background are

(B) Visible emisions shall not exceed is not limited to, monitoring results, opac- recorded on a field data sheet at the time
60% opacity for more than a cumulatie ity observations, review of operating opacity readings are initiated and com-
total of 15 minutes (60 readings) in a and maintenance procedures and inspec- pleted. .6-hour period. tion of the source. (C) Observations-Opacity observa-

(3) Sources and facilities of visible (d) Sources or facilities not exempted tions shall be made at the point of greatest
emissions located in both attainment or through subsections (a), (b), or (c) above opacity in that portion of the visible emis- ,, %
nonattainment areas, for which an alter- may also be granted special exemptions by sions, (plume where applicable) where
nate visible emission limitation has been the Board, provided that the source or condensed water vapor is not present. The
established pursuant to Secton 5(b) (325 facility owner or operator proves to the observer shall not look continuously at
L4C 5-1-5(b)] herein, shall comply with satisfaction of the Board that said exemp- the visible emissions, (plume where ap-
said limitations in lieu of the limitations tion is justifiable. Said exemption(s) may plicable) but instead shall observe the ' isi- .
set forth in subsection 2(a)(1) and 2(a)(2) be of longer duration and may apply to ble emissions, (plume where applicable)
[subsections (a)(1) and (a)(2) of this sec- other types of facilities not provided for in mometarily at 15-second intervals.
tion] preceding. subsections (a) and (b) above. (D) Recording Observations-Opac-

Sec. 3. Temporary Exemptions. (a) Sec. 4. Procedure to Determine Corn- ity observations shall be recorded to the
Boiler Startup and Shutdown-When pliance. (a) Determination ofviibleemis- nearest 50,'o at 15-second intervals on an 77
building a new fire in a boiler, or shutting sions from sources or facilities to %lhich observational record sheet. A minimum
down a boiler, visible emissions may ex- this Rule [325 IAC 5-1] applies may be of 24 observations shall be recorded. Each
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momentary observation shall be deemed in accordance with a source's or facility's method designated by the Board, and
to represent the average opacity of emis continuous monitoring equipment, for a visible emission test conducted si- %
sions for a 15-second period, any source or facility in compliance with multaneously, according to Section 4

(E) Determination of Opacity As An the requirements of 325 IAC 3-1. 1325 IC 5-1-41 of this Rule. Where the .
Average of 24 Consecutive Observa- (b) If the compliance determination Board determines there is no acceptable S
tions-Opacity shall be determined as an procedures set forth in subsection (1) and test method available, a request for an
average of 24 consecutive observations (2) preceding results in any conflict in visi- alternate visible emission limit shall be
recorded at 15-second intervals. Divide ble emission readings, the determination denied.
the observations recorded on the record made in accordance with subsection (2) (I) The alternate emission limit shall be
sheet into sets of 24 consecutive observa- above shall prevail for the purpose of equal to that level of opacity at which the
tions. A set is composed of any 24 con- compliance, provided that it can be shown source or facility will be able, as indicated
secutive observations. Sets need not be that the continuous monitor has met the by the performance and opacity tests, to 0
consecutive in time and in no case shall performance specifications as set forth in meet the opacity standard at all times dur-
two sets overlap. For each set of 24 obser- the U.S. EPA Federal Reference 40 CFR, ing which the source or facility is meetng
vations, calculate the average by summing Part 60, specifically Performance Spec- the mass emission limitation. However,
the opacity of the 24 observations and ification I. the Board shall also reserve the right to %
dividing this sum by 24. Record the Sec. 5. Special Considerations. (a) A determine the alternate visible emissions
average opacity on a record sheet. For the violation of this Rule 1325 IAC 5-1] shall limit in the following manner:
purpose of determining an alternative visi- constitute prima facie evidence of a viola- (A) If a performance test of a source or
ble emission limit in accordance with Sec- tion of other applicable particulate emis- facility demonstrates (i) that said source
tion 5(b) [325 IAC5-5-5(b)] following, an sion control regulations. A violation of or facility is in compliance with the
average of 24 consecutive readings or any such regulation can be refuted by a allowable mass emissions limit (as defined
more may be used to calculate the alter- performance test conducted in accordance in 325 IAC 1.1.-I) at the time that the test
native visible emissions limit, with paragraph (b), below. Such test shall is done, and: (ii) simultaneously, said

(F) Determination of Opacity As A refute the mass emission violation only if source's or facility's test demonstrates
Cumulative Total of 15 Minutes-For the source is shown to be in compliance that the allowable opacity emission limit is
emissions from intermittent sources, with the allowable mass emission limit, being exceeded, then, the enforceable
opacity shall be determined in accordance An exceedance of the allowable opacity opacity limitation shall be equal to that
with subsections (1), (2), (3), and the first emission limit will not be treated as a level of opacity at which the source or
sentence of (4). Each momentary observa- violation if, during the test described in facility will be able as indicated by the per-
tion shall be deemed to represent the (b) below, the source demonstrates com- formance and opacity tests to meet the .
average opacity of emissions for a 15 sec- pliance with the allowable mass emission opacity standard at all times during which ,
ond period. All readings greater than the limit while simultaneously having visible the source or facility is meeting the mass
specified limit in Section 21325 IAC5-1-21 emissions more than or equal to the emission limitation.
shall be accumulated as 15 second reading at which the exceedance was (B) If a performance test of a source
segments for comparison with the limit, originally observed, or facility demonstrates (i) that said .

(G) Attached Steam Plumes-When (b) Establishment or Alternate Visible source of facility is in compliance with the
condensed water vapor is present within Emission Limits-The owner or operator allowable mass emission limit, and the test
the plume as it emerges from the emission of a source or facility which believes it can mass emission rate is within 100 of the
outlet, opacity observations shall be made operate in compliance with the applicable allowable emissions limit for that source
beyond the point in the plume at which mass emission limitation, but exceeds the or fa,:ility, and; (ii) simultaneously, said
condensed water vapor is no longer visi- limits specified in Section 2 1325 IAC source's or facility's test demonstrates
ble. The observer shall record the ap- 5-1-21 of this Rule, may submit a written that the opacity observed is below the
proximate distance from the emission petition to the Technical Secretary re- allowable opacity emission limit, the en-
outlet to the point in the plume at which questing that an alternate opacity limita- forceable opacity limitation shall be equal
the observations are made. tion be established pursuant to the follow- to that level of opacity at which the source

(H) Detached Steam Plumes-When ing provisions Additionally, if the Board or facility will be able as indicated by the
water vapor in the plume condenses and has issued a Notice of Violation to an performance and opacity tests, to meet
becomes visible at a distinct distance from owner or operator of a source or facility the opacity standard at all times during
the emission outlet, the opacity of emis- for violation of the applicable opacity which the source or facility is meeting the
sions should be evaluated at the emission limitation, such owner or operator may, mass emission limitation.
outlet priror to the condensation of water propose in Notice of Violation resolution, (C) If a performance test of a source or
vapor and the formation of the steam to disprove said violation by establishing facility demonstrates (i) that said source
plume. an alternate opacity limit pursuant to the or facility is in compliance with the

(2) Determination of compliance with following provisions. This alternate limit allowable mass emission limit, and the test 0
visible emission limitations established in shall be based upon a mass emission per- mass emission rate is less than 9007o of the
this Rule [325 IAC5-1] may also be made formance test conducted according to a allowable emissions limit and; (ii) ,. -W

1%1
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simultaneously, said source's or facility's Sec. 7. SIP Revision-Any exemptions ries (0.10 pounds per million Btu) for solid
test demonstrates that the opacity observ- given or provisions granted to this rule fuel fired generators of greater than 63 .1
ed is below the allowable opacity emission [325 JAC 5-1] by the Board in Sections 3 million kilocalories (kcal) per hour heat
limit, the enforceable opacity limitation (c) [325 JAC 5-3-2(c)] or 5(b) (325 IAC 5- input (250 million Btu);
shall remain the existing allowable opacity 1-5(b)] shall be submitted to the U.S. EPA (2) A particulate matter content of no S
emission limitation for that source or as revisions to the State Implementation greater than 0.63 grams per million calo-
facility. Plan. ries (0.35 pounds per million Btu) for solid

(2) Compliance with 325 IAC 6-2 fuel fired generators of equal to or greater
(formerly known as APC 4R), 325 IAC ARTICLE 6. PARTICULATE than 6.3 but less than or equal to 63 mil-
6-3 (formerly known as APC 5), 325 IAC REGULATIONS lion kcal per hour heat input (25 but less
1I-1 (formerly known as APC 6), and 325 than or equal to 250 million Btu);
IAC 6-1 (formerly known as APC 23), Rule 1. Nonattaiumene Area Limita- (3) A particulate matter content of no 0
and other applicable regulations must be tions greater than 1.08 grams per million can- ,
demonstrated by the performance test. Sec. 1. Applicability. Sources or facil- ries (0.6 pounds per million Btu) for solid ,

(3) The Board may require a perfor- ities specifically listed in Appendix A [325 fuel fired generators of less than 6.3 mil-
mance test in any case where it is necessary 1AC 6-1-71 of this Rule shall comply with lion kcal per hour heat input (25 million
to determine the compliance status for a the limitations contained therein. Sources Btu);
facility. However, the Board will not re- or facilities that are (1) located in the non- (4) A particulate matter content of no
quest a performance test for any facility attainment counties listed in Appendix A greater than 0.27 grams per million kcal 0
which is known to be in compliance with (32-5 1,C 6-1-71, (2) but which sources or (0.15 pounds per million Btu) for all liquid
the allowable opacity limitation, facilities are not specifically listed in Ap- fuel fired steam generators.

(4) All alternate visible emission limits pendix A 1325 JAC 6-1-71, and (3) have (5) A particulate matter content of no
shall be established on a source or facility- the potential to emit 100 tons or more of greater than .01 grains per dry standard
specific basis. No limitation for any facili- particulate matter per year or have actual cubic foot for all gaseous fuel-fired steam
ty or source shall be established by emissions of 10 tons or more of particu- generators.
reference to a similar or identical facility late matter per year, shall comply with the (c) Aspalt Concrete Plants-The re-
or source, limitations of Section 2 [325 JAC 6-1-2], quirements of this provision shall apply to

(5) The owner or operator of the source hereof. any asphalt concrete plant (any facility
or facility shall notify the Board at least Sec. 2. Emission Limitations. (a) Gen- used to manufacture asphalt concrete by

'4 fifteen days prior to conducting a test for eral Sources-Facilities not limited by heating and drying aggregate and mixing ,.
the purposes of demonstrating an alter- paragraphs (b) through (g) below shall not with asphalt cement). An asphalt concrete
nate visible emission limit, allow or permit discharge to the atmo- plant is deemed to consist only of the fol-

(6) A staff member who is a qualified sphere any gases which contain particulate lowing: driers, systems for screening, •
observer, approved by the Board or other matter in excess of 0.07 gram per dry stan- handling, storing, and weighing hot aggre-
consultant approved by the Board shall be dard cubic meter (g/dscm) (0.03 grain per gate; systems for loading, transferring,
present during any performance tests. dry standard cubic foot (dscf)). Where and storing mineral filler; systems for

(7) The cost of the performance test this limitation is more stringent than the mixing asphalt concrete; and the loading,
shall be at the expense of the owner or op- applicable limitations of paragraphs (b) transfer, and storage systems associated
erator. through (g) of this section, for facilities in with emission control systems.

(8) Any alternate visible emission limit existence prior to the applicability dates, (1) No person shall operate the affected
established for any source or facility shall or of a size not applicable to said para- facilities of an asphalt concrete plant
not become effective until said limitation graphs, emission limitations for those fa- which existed on or prior to June 11,
is established in the applicable operating cilities shall be determined by the Board 1973, so as to discharge or cause to be dis-
permit. Said limitation will be incorpo- and will be established in accordance with charged into the atmosphere any gases
rated, by amendment, into the operating the procedures set forth in paragraph (h) unless such gases are limited to:
permit for said source or facility and sub- of this section. (A) A particulate matter content of no
mitted to the U.S. EPA as a SIP revision. (b) Fuel Combustion Steam Generators greater than 230 mg per dscm (0.10 grain

(9) Where a visible emission limitation -No person shall operate a fossil fuel per dscf).
is based upon a New Source Performance combustion steam generator (any furnace (d) Grain Elevators-No person shall
Standard, any new limitation must com- or boiler used in the process of burning operate a grain elevator (a grain elevator is
ply with the provisions of said standard. solid, liquid, or gaseous fuel or any com- defined as any plant or installation at

Sec. 6. Compliance Timetables-Sources bination thereof for the purpose of pro- which grain is unloaded, handled, clean-
newly subject to more stringent limitations ducing steam by heat transfer) so as to dis- ed, dried, stored or loaded) without
at the promulgation date of this Rule [325 charge or cause to be discharged any gases meeting the provisions of this Section.
AC5-1] by Section 2 1325 IA C5-2-11 shall unless such gases are limited to: Paragraph (I) below shall apply to any

comply with the compliance schedule of (1) A particulate matter content of no grain storage elevator located at any grain
325 IAC 6-1 (formerly known as APC 23). greater than 0.18 grams per million cai- processing source which has a permanent
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*-Rule 2. [Repealed] source does not affect the limitations of specified in its operation permit. Signifi-

Rule 2.1. Particulate Emission Limita the existing facilities unless such changes cant impact levels are defined in 325 JAC
tions for Sources of Indirect Heating in the limitations are required by the pro- 2-3, section 2(d).

Sec. I. Applicability. This rule estab- visions of 325 IAC article 2 or 325 IAC 6- (c) The emission limitations for those
lishes limitations for sources of indirect I. indirect heating facilities which began op-
heating. (a) Particulate emissions from Sec. 2. Emission limitations for facilities eration after June 8, 1972, and before the
the combustion of fuel for indirect heating specified in 325 JAC 6-2.1-1(a). (a) Parti- effective date of this rule (325 JAC 6-2.1),
from all facilities located in Lake, Porter, culate emissions from existing indirect and those facilities which receive permits
Marion, Boone, Hamilton, Hendricks, heating facilities located in the specified to construct prior to the effective date of
Johnson, Morgan, Shelby, and Hancock counties shall be limited by the following this rule (325 IAC 6-2.1) shall be calculat-
Counties which were existing and in oper- equation. ed using the equation contained in subsec-
ation or which received permit to con- tion 2(a) where: Q includes the capacity
struct prior to the effective date of this Pt = 0.87 for the facility in question and the capaci-
rule (325 IAC 6-2.1) shall be limited by QO.t6 ties for those facilities which were pre-
section 2 below. viously constructed or received prior per-

(b) Particulate emissions from the com- Where: mits to construct. The limitations for all
bustion of fuel for indirect heating from Pt = Pounds of particulate matter emitted previously permitted facilities do not
all facilities not specified in (a) which per million Btu (lb/mmBtu) heat input, change. The Q and Pt for each facility at a
were existing and in operation or which Q = Total source maximum operating source which begins operation or receives 0
received permits to construct prior to the capacity rating in million Btu per hour a construction permit during this time pc-
effective date of this rule (325 IAC 6-2.1) (mmBtu/hr) heat input. The maximum riod will be different.
shall be limited by section 3 below. operating capacity rating is defined as the Sec. 3. (a) Particulate emissions from

(c) Particulate emissions from the com- maximum capacity at which the facility is indirect heating facilities existing and in
bustion of fuel for indirect heating from operated or the nameplate capacity, operation before the effective date of this
all facilities receiving permits to construct whichever is specified in the facility's op- rule shall be limited by the following
on or e':zr the effective date of this rule eration permit application, except when equation-
(325 IAC 6-2.1) shall be limited by sec- some lower capacity is contained in the
tion 4 below, facility's operation permit, in which case, Pt = C X a.X h

(d) If any limitation established by this the capacity specified in the operation per- 76.5 X Q '"s X Na-2
rule (325 IAC 6-2.1) is inconsistent with mit shall be used.
applicable limitations contained in 325 For Q less than 10 mmBtu/hr, Pt shall Where:
lAC 6-1, then the limitations contained in not exceed 0.6. C = Maximum ground level concentra-
325 IAC 6-1 prevail. For Q greater than or equal to 10,000 tion with respect to distance from the

(e) If any limitation established by this mmBtu/hr, Pt shall not exceed 0.2. Figure point source at the "critical" wind speed
rule (325 IAC 6-2.1) is inconsistent with I may be used to estimate allowable for level terrain. This shall equal 50 micro- %.
applicable limitations contained in 325 emissions. grams per cubic meter (ug/ml) for a peri-
lAC article 12.1 (New Source Perfor- (b) The emission limitations for those od not to exceed a 60-minute time period.
mance Standards) then the limitations indirect heating facilities which were ex- Pt = Pounds of particulate matter emit-
contained in 325 IAC article 12.1 prevail. isting and in operation on or before June ted per million Btu heat input '

(f) If any limitation established by this 8, 1972, shall be calculated using the (lb/mmBtu). .

rule (325 JAC 6-2.1) is inconsistent with a equation contained in subsection 2(a) Q = Total source maximum operating
limitation contained in a facility's con- where: Q shall reflect the total source capacity rating in million Btu per hour
struction or operation permit as issued capacity on June 8, 1972. The resulting Pt (mmBTU/hr) heat input. The maximum
pursuant to 325 lAC article 2 (Permit is the emission limitation for each facility operating capacity rating is defined as the
Review Regulations), then the limitations exi.,ting on that date and will not be af- maximum capacity at which the facility is %
contained in the source's current permits fected by the addition of any subsequent operated or the nameplate capacity,
prevail, facility. The particulate emissions from all whichever is specified in the facility's op- 0

(g) If any limitation established by this of the facilities which were in existence on cration permit application, except when
rule (325 IAC 6-2.1) is inconsistent with a June 8, 1972, may be allocated in any way some lower capacity is contained in the
limitation required by 325 IAC article 2 among these facilities provided that they facility's operation permit: in which case,
(Permit Review Regulations) to prevent a will not result in a significantly greater air the capacity specified in the operation per-
violation of the Ambient Air Quality quality impact level at any receptor than mit shall be used. , *-

Standards set forth in 325 IAC 1.1-3, then that which would result if the particulate N = Number of stacks in fuel burning ,'".
the limitations required by 325 IAC arti- emissions from each of these facilities operation. 0
cle 2 prevail. were limited to Pt; and provided that the a z Plume rise factor which is used to

(h) The addition of a new facility at a emission limitations for each facility are make allowance for less than theoretical
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plume rise. The value 0.67 shall be used specified in its operation permit. Signifi- operated or the nameplate capacity,
for Q less than or equal to "1,000 cant impact levels are defined in 325 IAC whichever is specified in the facility's per-
mmBtu/hr heat input. The value 0.8 shall 2-3 section 2(d). mit application, except when some lower
be used for Q greater than 1,000 (c) The emission limitations for those capacity is contained in the facility's oper-
mmBtu/hr heat input, indirect heating facilities which began op- ation permit; in which case, the capacity

h = Stack height in feet. If a number of eration after June 8, 1972, and before the specified in the operation permit shall be
stacks of different heights exist, the aver- effective date of this rule (325 IAC 6-2.1). used.
age stack height to represent "N" stacks and those facilities which receive permits For Q less than 10 mmBtu/hr, Pt shall
shall be calculated by weighing each stack to construct prior to the effective date of not exceed 0.6.
height with its particulate matter emission this rule (325 IAC 6-2.1) shall be calculat- For Q greater than or equal to 10,000
rate as follows: ed using the equation contained in subsec- mmBtu/hr, Pt shall not exceed 0.1. Figure

tion 3(a) where: Q, N, and h shall include 2 may be used to estimate allowable
the parameters for the facility in question emissions.

N and for those facilities which were pre- (b) As each new indirect heating facili-
I'I, X Pa. X Q3  viously constructed or received prior per- ty is added to a plant Q will increase. As a

h = mits to construct. The limitations for all result, the emission limitation for each
h previously permitted facilities do not progressively newer facility will be more
Nchange. The Q, N, h, and Pt for each stringent until the total plant capacity
I pa. X Q facility at a source which begins operation reaches 10,000 mmBtu/hr after which the

or receives a construction permit during emission limit for each newer facility will
this time period will be different, be 0.1 lb/mmBtu heat input. The rated

(d) Particulate emissions from all facili- capacities for facilities regulated by article
ties used for indirect heating purposes 12.1, New Source Performance Stan-

Where: which were existing and in operation on or dards, shall be included when calculating
pa=tbe actual controlled emission rate before June 8, 1972, shall in no case ex- Q for subsequent facilities.in lb/mmBtu using the emission factorred08b/mthatip.

from AP-42 or stack test data. Stacks ceed 0.8 b/mmBtu heat input. Rule 3. Process Operations
constructed after January 1, 197 1, shall be (e) Particulate emissions from any fa- Rue 3. picasipetisRue[2contrutedaftr Jnuay 1 191, haibecility used for indirect heating purposes Sec. 1. Applicability-This Rule [325
credited with GEP stack height only. GEP which has 250 inmBtuhr heat input or lAC 6-31 establishes emission limitations
stack height shall be calculated as speci- less and which began operation after June for particulate emissions from process
fled in rule 325 IAC 1.1-6.1 8, 1972, shall bia no case exceed 0.6 operations located anywhere in the State.

(b) The emission limitations for those lb/mmBtu heat input. The following processes and their atten-
indirect heating facilities which were ex- Sec. 4. Emission limitations for facilities dant emissions are exempt from this Rule

isting and in operation on or before June specified in 325 JAC 6-2.1-1(c) (a) Parti- [325 1AC 6-3]:
8, 1972, shall be calculated using the culate emissions from indirect heating fa- (1) Combustion for indirect heating
,quation contained in subsection 3(a) cilities constructed after the effective date (2) Incinerators
where: Q, N, and h shall include the of this rule (325 IAC 6-2.1) shall be limit- (3) Open burning
parameters for all facilities in operation on ed by the following equation: (4) Existing Foundry Cupolas
June 8, 1972. The resulting Pt is the If any limitation established by this
emission limitation for each facility exist- Pt = 1.09 Rule [325 IA C 6-3] is inconsistent with ap-
ing on that date and will not be affected
by the addition of any subsequent facility. 0.26 plicable limitations contained in 325 JAC
The particulate emissions from all of the 6-1 (formerly known as APC 23), or con-
facilities which were in existence on June Where: tained in 325 JAC, Article 12 (New Source

8, 1972, may be allocated in any way Pt - Pounds of particulate matter emit- Performance Standards), then the limita-
among these facilities provided that they ted per million Btu (lb/mmBtu) heat tion contained herein shall not apply; but
will not result in a significantly greater air input. the limit in such sections shall aorly.
quality impact level at any receptor than Q = Total source maximum operating Sec. 2. Emission Limitations. (a) Ce-
that which would result if the particulate capacity rating in million Btu per hour ment Kilns-No owner or operator of a
emissions from each of these facilities (mmBtu/hr) heat input. The maximum cement manufacturing operation com-
were limited to Pt; and provided that the operating capacity rating is defined as the mencing operation prior to December 6,
emission limitations for each facility are maximum capacity at which the facility is 1968, equipped with electrostatic
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V CORE LABORATRIES lip
mellbrn A;im

kttwnioetk CORE LAFBORA TORIES . INC.
A ,ANALYTICAL REPORT

2315 GLENVIEW AVE.
EVANSVILLE, IN 47712

(812) 424-2907

04-JAN-88

DEPT* OF THE AIR FORCE

305 CSOGDE
ORISSOM A.F.B., IN 46971-500

FILE NUMBER: GA121487 IDENTIFICATION
SAMPLE NO. : 0001 CAN NUMBER 4279
INVOICE JOB #: C71928 .-IdLEk "3
LOCATION #: 63120 yBPs-s"

(.. i4.. lI

AS RECEIVED AIR DRIED DRY
BASIS BASIS BASIS

% MOISTURE 18.75 4.44
% ASH 4.30 5.06 5.29
% VOLATILE 28.78 33.85 35.42
% FIXED CARBON 48.17 56.66 59.29

TOTAL PERCENTAGE 100.00 100.00 100.100

% SULFUR 0.80 0.95 0.99
BTU/LB. 11,066 13,015 13,620
MAF BTU/LBo --- 14,380

LBS SULFUR/MM BTU 0,72
LBS WATER/MM BTU 16.94 •
LBS ASH/MM BTU 3.89

k I

ASH SOFTENING TEMP: 2675 DEGREE F. RESPECTFULLY SUBMITTED, ',

0

.5 .4

V I J., AL',

41

The analysis opinions or interpretations contained in this report are based upon observations and mate-,a' supplied by the client for whoe exclusive and confidenta' use this redo" hac
been made The interpretations or opinions expressed represent the best judgment ol Core Laborato ies Core Laboratories assumes no resoons bWty and makes no warrant, or representa
lions express or implied as to the productivity, proper operations or profitableness however of an ol: gas coal or other rneral property well or sand in connection wity which SuCh
report is used or relied upon for any reason whatsoever •
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CORE LABORATORIES
Wmeatm AtUm
gtl 1 CORE LADORATQF.I[S. INC.

A O." ANALYTICAL REPORT -h

23 15 GL-NVIEW AVE.
EVANSVIL-LE. IN 47712-

(612) 424-2909

04- JAN-88

DEPT. OF THE AIR FORCE
305 CSG/DE
GRISSOM A.F.Bo• IN 46971-500

FILE NUMBER: GA121087 IDENTIFICATION
SAMPLE NO. : 0002 CAN NUMBER 1300
INVOICE JOB *; C71928 (BoII-X(3
LOCATION t: 63120 , l.

AS RECEIVED AIR DRIED DRY ,-

BASIS BASIS BASIS

Z MOISTURE 17.76 4.82 ---

Z ASH 5,27 6.10 6,41 _

Z VOLATILE 29.42 3-1.05 35.77
% FIXED CAN*BON 47.55 55.03 57 82 '

TOTAL PERCENTAGE 100.00 100400 100.00

S SULFUR 0.76 0.88 0.92

BTU/LB. 2 11,162 1297 13,573 4,.
MAF BTU/LB, ...... 14,501

LBS SULFUR/MM BTU 0.68
LBS WATER/MM BTU 15,91 1
LBS ASH/Ml :TU 4.72

ASH SOFTENING TEMP: 2700-1 DEGREE F. RESPECTFULLY SUBMITTED, '

KEVIN J. CIlL

42

The analysis opinions or interpretations contained in this report are based upon observations and material supplied by the cienr for whose exclusive and confidential use this report has C
been made The interpretalions or opinions expressed represent the best judgment of Core Laboratories Core Laboratories assjnes no responsbl y and makes no warranty or represent,
lions. express or implied, as to the productmvty proper operations or profitableness however of any oil, gas. coal or other mveral, property. well or sand in connection with which such
report is used or relied upon for any reason whatsoever.
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_______CORELLABORATORIESS

ANAL-YTICAL REPORT

231 S OLENVIEW AVE,
EVANSVILLE. IN 47712

(612)> 424--2909

17-iE C -87

DEPT. OF THE AIR FORCE
* 305 CSGZDE

GRISSOM AF..,v IN 46971-500

FILE NUMBER: GA121087 IIIEN1IFICATION
SAMPL.E NO. : 0003 CAN NUJMBER 22840
INVOICE JOB f: C71928 zI
LOCATION 14: 6:3120 ( l(j

AS RECEIVED AIR DRIED ORY
xvBASIS BASIS BASIS

Z MOISTURE 14.70 4.43
% ASH 5,23 5.86 6.13
Z VOLATILE 30*65' 34.39 35.98
% FIXED CARBON 49.38 55.33 57.85,

TOTAL PERCENTAGE 100.00 100.00 100.00 x

Z SULFUR 0.74 0.83 0.87
BTIJ/LB, 117571 127964 137565
flAF BTU/LB. --- --- 14Y451

LBS SULFIJR/IM BTU 0.64
LBS WATER/MM BTU 12.70S
LBS ASH/M14 BTU 4.52

xl

ASH SOFTENING, TEMP: 2700+ DEGREE F. RESPECTFULLY SUBiM111EDaY

4143

The analsfis. opinions or interpretations contained in this report are based upon observations and material supplied by the client for whose exclusive and confidential use this report has
been made. The fintefrpetations or opinions axpressed represent the best judgment of Core Laboratories Core Laboratories assumes no responsibility and makes no warranty or reprasenta-
bons, express or inmplned. sis to the product"t, proper operations or profitableness however of arny oil gas, colil or other mineral, property, well or Sland in connection with which such
repaisl uaed or relied upon for any reom whatsoever.
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CORE LABORATORIESW0%fim Atft
kiternational

A 0-L0' O. ANALYTICAL REPORT

2 3 5 GLENVIEW AVE.
EVANSVILLEv IN 47712

(812) 424-2909

04-JAN-88

DEPT. OF THE AIR FORCE
305 CSG/DE
GRISSOM A.F.B., IN 46971-500 F'

FILE NUMBER: GA121487 IDENTIFICATION
SAMPLE NO. : 0002 CAN NUBMER 2442
INVOICE JOB #: C71928
LOCATION *: 63120

AS RECEIVED AIR DRIED DRYIle
DASIS BASIS BASIS

,,,.,.,-.

Z MOISTURE 15.90 5.21
% ASH 4.51 5.00 5.3'
% VOLATILE 29.69 33.46 35,30
X FIXED CARBON 49.90 56.25 59.34

TOTAL PERCENTAGE 100.00 100,00 100.00

" SULFUR 0,74 0.83 0.88
BTU/LB. 11,439 12,893 13,602
MAF BTU/LB. -... 14 372

LBS SULFUR/MM BTU 0.65
LBS WATER/MM BTU 13.90 0
LBS ASH/MM BTU 3.94

ASH SOFTENING TEMP: 2700+ DEGREE F, RESPECTFULLY SUBMITTED,

IJ IL
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CORE LABORATORIES k
Wilmlbu- Ati.

ntrml . 0 ORE: L AP UF AY 0T1IE-7S * I rN1C
A Un)- xiw"ANALYTICAL REPORT

-1315 GLENS-IEW AVE-
EVANSVlL-IL. IN 477120

(8121) 424-2909"

17-DEC-.87

DEPT. OF THE AIR FORCE
305 CSGXDE
OR ISSOM A. F .E ID-TN 46971-500

FILE NUMBER: GA121087 1I'iNTIFI.sYI TON
SA)MPIr--- NO. : 0001 CAN NUMBER 2386
INVOICE JOB t:0 C71928 '1-3
LOCATION t: 63120 stRusefje£

----------------- ---------- -------------- ------- ------5

AS RECEIVED AIR D)RIEDI DRY 0
.4BASIS BAS1S BsASIS

* XMOISTURE 15,76 3.16 --

% ASH 5.33 6.13 6.33

%VOLATILE 30.79 35.40 -36.55
X F*IXED CARBON 48.12 5 5. 32 57.12

TOTAL 1P*ERC1.X.t41AGE 100o.00 100.00 100100 5

.1 SULFUR 0.75 0.86 0.89

MAF BTU/LB. *--- --- 14Y458

LBS SUL.FUR/1* 4TU 0.66
LBS WATER/MM BTU 13.81
LB\; AS3H/1M BCTU 4,67

ASH SOFTENING TEMP:# 2700+ DEGREE F. RESP'ECTFUILLYSUMI(i)-

K .EVN J. Itf I

45 -
The analysis opinions or interpretations contarned in this report are based upon obse'salions and narea sup.-'e, by thr- cl-c -c, C ~oise erci.s'v and confidental use !i lely" Slay
been made The interpretations or opinonts expressed represent the best judgment of Core Labo'a'oes Core Labo'vtorte5 ass%-n- no resjx?-s ,yn a~maes no waf'vnt* 0 epres-lbi
trans, express or implied, as to the productivty, prope, operations or profitableness however of any oil gas coal or ott' m rn 'ev propeny we' of sand in connevton wcr whc' s .d
report is used or ralied upon for any reason whatsoever



WA COCORE EAORATORIES.
COE ABRAORE

ANALYTICAL RPR

Z 15 GLENVIEW AVE.
EVANSVIL-LE, IN 47712

(812) 4 24- 29709

04-JAN-88

DEPT* OF THE AIR FORCE
305 CSGZDE V
GRISSOM A.*~ IN 46971-500

FILE NUMBER:* GA121587 IDCNTIFICATION
SAMPLE NO. : 0001 CAN #3648
INVOICE. JOB 0* C71928 ('8,'L4R,?4 3 J
LOCATION #: 63120 5-vae i

AS RECEIVED AIR DRIED DRY
BASIS DASIS ItA 3IS

% MOISTURE 15.41 3,54 -

%~ ASH 5.30 6.04 6,26
%VOLATILE 31.00 35.35 36.965

% FIXED CARBON 48.27 55.071 5 7.0 7

TOTAL PERCENTAGE 100.00 100.00 100.00

% SULFUR 0.73 0.03 0.86
BTU/LB, 11P474 13,084 13Y564
MAF BTU/LB. - --- 14,469

LBS SULFUR/MM BTU 0.64
LBS WATER/MM BTU 13.43
LBS ASH/MM BTU 4.62

ASH SOFTENING TEMF':# 2700+ DEGREE F. RESPECTFULLY SUBMITTED,

46

The analysis oop sons of interpretations conta-ned in this report are based urnr obse-vations and matrial supplied by the client tor whose exclusive and confidential use this report has
be"e; madle. The interpretations or opinonrs expressed represent the best judgmentsW Core Laborator es COXc Laboratories assumes no responsibilty and makes no warranty or representa-
tons express or impl ed as to the productuvty. proper operations or profitableness however of arny oil. gas. coa or other mnrcral property, well or sand in connection with which nuch
,eor D is used or relied upon for any reason whatsoever
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WW
S0:&rCORE LABORATORIES

lV411,11w"Itu l A ORE LADORATOFI E .* I NC % A6
A- , ANALYTICAL REPORT

2315 GLENVIEW AVE.
EVANSVILLE, IN 47712

(812) 424-2909

04-JAN-88

DEPT. OF THE AIR FORCE

305 CSGZDE
GRISSOM A.F.B., IN 46971-500

FILE NUMBER: GA121587 IDENTIFICATION
SAMPLE NO. : 0002 CAN t3872
INVOICE JOB #: C71928 gtw Ac 0q1
LOCATION 4: 63120 aft.5

-------------------------------------------------------------

AS RECEIVED AIR DRIED DRY
BASIS BASIS BASIS

Z MOISTURE 18.97 5,09 Z

Z ASH 5.65 6.2 0

Z VOLATILE 29.00 33.97 35.79
% FIXED CARBON 46.38 54.33 57.2

TOTAL PERCENTAGE 100.00 100.00 100.00

% SULFUR 0.97 1.14 1.20

BTU/LB. 10,834 12,68? 13,370
MAF BTU/LB. -.. 14,371

LBS SULFUR/MM BTU 0.90
LBS WATER/MM BTU 17.51 •
LBS ASH/MM BTU 5.21

ASH SOFTENING TEMP: 2590 DEGREE F. RESPECTFULLY SUBMITTEDPA

47
The analysis, opinions or interpretations contained in this repoti are based upo. obsevatbons and rmate,al sOled by the Cienit to whos exCILis cs ar c', 1 .n* Vr , a

been maf The nterpretaion$ or opinions exprssed :epresenm the best )udgn'te of Core Laborato, es Core Laboratories assurnes no responsibtty a n a: va-u-, mr " e'r-i
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COELBR TRIES~'~ '7WW

-neatom C 0- - C- -- A D 0 F. A 'T 0 *. x :s X ~
ANAUYTICA'a REOR

DEPTCOR LABORATORIESRC
GISSrntOMnA.l F7i'l46? to

FILE NL~tIANALYTIC0L R F O 1 DNIF A N

LOCA(ION4 4.6 2

DEST OFEIE THE DRIR FORC

MROS STUR 16.36 4.~ E*O IN 46 71-

TOTLL LI Fl-:: 100.00 10.0 II0A 100.0

SSULFUR 0.74 0.8 0.C8 8:~MNMER2

ASS RECLUVED BTU 0.6E5DR

LB MOITEM 16.6TU8
LD. ASH/M BTU 4.886.6

A3H OFTE INGTEMP 270+ DGRE F. ESPETFULY 'iL0M31''a-

% VOLTILE 0,1034.2635.9
7.~~~~~KEI FJX. LO ~ ,2 46 74

485

"W c- he v a(. asa poocwal an mlpra ~p, p t th ce-fowios e~lu anl on~cl~lalu,,'lh,

' Oa'l' p - 7 etsd- *c FI::RCEarAGE 100.00 Lar''1 00.0 1o00.00ihv n aesh aanr ,re,%
e- es a , , !, ,, i'o "-' wo oe~t,1101ipoflalio a,,oi p, oaoolem~~a - pelywel r an nconel'n i

'ev,'I p al~e1 f, a, res- alse~e

% SUFUR .740.840.8



CORE LABORATORIES
Wammr Athm

ite ¢irll CORE L.AD0RA-T RI ES =,. I NC.
A u.,,.,o..o q,i ANALYTICAL REPORT

2315 GLENVIEW AVE.
EVANSVILLE. IN 47712

(812) 424-2909

04-JAN-88

DEPT. OF THE AIR FORCE 'N"t

305 CSG/DE
GRISSOM A.F.., IN 46971-500

FILE NUMBER: GA121487 IIDENTIFICATION
SAMPLE NO, : 0004 CAN NUMBER 2?
INVOICE JOB #: C71928
LOCATION #4 63120

AS RECEIVED AIR DRIED DRY
BASIS BASIS BASIS

Z MOISTURE 15.08 4.95 ---

z ASH 5.37 6.0 6.32 5
Z VOLATILE 30.21 33.82 35.5C
% FIXED CARBON 49.34 55.22 5g.10

TOTAL PERCENTAGE 100.00 100.00 100.OC

Z SULFUR 0.74 0.83 0.87
BTU/LB. 11,464 12,832 13,500
M A F B T U / L P ., --... .. 1 1 - C % " -

LBS SULFUR/MM BTU 0.65
LBS WATER/MM BTU 13.15

LBS ASH/MM BTU 4.6"

ASH SOFTENING TEMF: 2700+ DEGREE F. RESPECTFULLY SUBMITTED "

%. --- ---------

iVeIN J. L2,IL
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CORE LABORATORIESinentoaCORE LAEtORATOR IES I NC . /
International

A I-- - ANALYTICAL REPORT

2315 GLENVIEW AVE. ,
EVANSVILLE, IN 47712

(812) 424--2909

04-JAN-88

DEPT. OF THE AIR FORCE S
305 CSG/DE
GRISSOM A.F.B.9 IN 46971-500

FILE NUMBER: GA121587 IDENTIFICATION
SAMPLE NO. : 0004 CAN *3035 0
INVOICL JOB #: C71928 &~-
LOCATION #: 63120 "5d't'-

9 1'

AS RECEIVED AIR DRIED DRY
BASIS BASIS D A3IC 1

X MOISTURE 16.66 3.T5
X ASH 5.33 6,15 6.40
X VOLATILE 29.97 34.54 35.96
Z FIXED CARBON 48.04 55.36 57.64

------ --- -

TOTAL PERCENTAGE 100,00 100.00 100,00

% SULFUR 0.73 0.05 0.0c
B T U,L B. 11334 13,063 13,600
M A F B T U / LB, ... .... 1 4 , 5 2 9

LBS SULFUR/MM BTU 0.64 0
LBS WATER/MM BTU 14.70
LBS ASH/MM BTU 4.70

ASH SOFTENING TEMP: 2700+ DEGREE F. RESPECTFULLY SUBMITTED,

K VIN J. IL

50C
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VA CORE LABORAORIES
Wsie-n Atim

A mx'D 0plnyANALYTICAL REPORT

.2315 GLENVIEW AVE*

EVANSVILLE. IN 47712
(02 421-4-12 0 9

04-JAN-88 Ce

DEPT* OF THE AIR FORCE
305 CSG,'DE
GRISSOM A*F*D.. IN 46971-500

FILE NUMBER: GA121587 IDENTIFICATION
SAMPLE NO. : 0003 CAN f4264
INVOICE JOB #: C71928 10Cx

LOCATION #: 63120 509

AS RECEIVED AIR DRIED DRY
BASIS BASIS BASIS

%MOISTURE 16.47 2.46 ---

Z ASH 5 .23 6.11 6 12 0
*%VOLATILE 30664 35.78 36.68

*% FIXED CARBON 47o66 55.66 57.06

*TOTAL PERCENTAGE 100.00 100.00 100.00

'A' SULFUR 0.-71 0.83 0.85
BTU/LB. 11v3 5 6 13t,261 139 5
lIAF BTU/LB.-- --- 14j,-502A

*LBS SULFUR/MM BTU 0.63,
LBS WATER/MM BTU 14.50
LBS ASH/MM BTU 4661

ASH SOFTENING TEMP: 2700+ DEGREE F. RESPECTFULLY SUBMITTED, ,

VIN J. IL

*1 51

The analysis. opinons 0, interpretations contained in thi report are based upon olbse~a',ss a"s inae, a SoD. e' by the C pto hs ev>~ _ c S nc cor, C ' "

been made The nterpretatiors oropinions expressed represent the best tudgmer! of Co's Laboato~ o l pe La~o&Wores as --. Ps z: reg.pss , ' ad mna.- - - e t
lionts express or rrnpl0d as to the productivity, proper operations or profitableness howeve, of any o gas coa or othe, m ena p-opert, we! c' Sanr coc! s -
report is used or rolied upon for any reason whatsoever



itI CORE LABORATORIES
Intemrtional CORE LAEDORAT R I ES. I NC . .

ANALYTICAL REPORT

2315 GLENVIEW AVE.

EVANSVILLE, IN 47712
(812) 424--2909

04-JAN-88

DEPT. OF THE AIR FORCE

305 CSG/DE
GRISSOM A.F.B., IN 46971-500

FILE NUMBER: GA121487 IDENTIFICATION
SAMPLE NO. : 0003 CAN NUMBER 0624
INVOICE JOB #: C71928
LOCATION #: 63120 . 8It

AS RECEIVED AIR DRIED DRY
BASIS BASIS BASIS

A------------ - - - - - -

. MOISTURE 15.19 3.74 -.. A

ASH 5.44 6.18 6.42 S
% VOLATILE 30.06 34.11 35,44
% FIXED CARBON 49.31 55.97 58,14

TOTAL PERCENTAGE 100,00 100.00 100.00

X SULFUR 0.73 0.83 0.86
BTU/LE:, 11,495 13,047 13,554

MAF BTU/LB, --- --- 14,484
','

LBS SULFUF:/MM E:TU 0.64
LBS WAIER/MM BTU 13.21 S
LBS ASH/MM [TU 1. 7-"

4.-.-,.

ASH SOFTENING TEMF': 2700+ DEGREE F. RESPECTFULLY SUBMITTED,

2~ Z,

AI"N J. I

a, Fl. Mlo rca."'-or..
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SO0U R CE T E ST R E POR T

SOURCE:

GRISSOM AFB CENTRAL HEATING PLANT

-,V

GRISSOM AFB, IN 46971 .,

DEVICE TESTED : BOILER #3:BYPASS STACK Z

DATE TESTED : 18-20 NOV 87

SUBMITTING AGENCY CTL E N AT

USAFOEHL/ECQ

BROOKS AFB, TX 78235

554-.

DEVIC TESED BOLER 3:BYPS SACK,

Si "
,'m ".,

DATE ESTED 18-20NOV 8

SUBITINGAGNC



DETERMINATION OF MINIMUM NUMBER OF TRAVERSE POINTS

Stack ID: _ _p___ Stack diameter at ports: (ft)

Distance A (ft) //.6 (duct diameters) 2/!

Recommended number of traverse points as determined 
by N

distance A: ____

Distance B (ft) ____
-  (duct diameters) 7,2

Recommended number of traverse points as determined by

distance B: ____ __"

Number of traverse points used: /___.__

0

*1.I

56A
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T E S T T R A V E R S E P 0 1 N T L O C A T I O N

STACK DIAM. (IN.) = 66.

STACK RADIUS (IN.) = 33

STACK DIAM. (FT.) = 5.5
STACK AREA (SQ.FT) = 23.75828

POINT # DISTANCE IN.
1 2.875261
2 9.665478
3 19.52781
4 46.4722
5 56.33452
6 63.12474

THE ABOVE DISTANCES PROCEED FROM THE TEST PORT ACROSS THE .7;
TRAVERSE TO THE OPPOSITE WALL OF THE STACK.
THESE DISTANCES SHOULD BE ROUNDED OFF TO THE NEAREST 1/4 INCH.
THAT'S ABOUT AS ACCURATE AS YOU CAN GET WITH AN EPA METHOD 5
PROBE.

STANDARD CONDITIONS (TEMP. AND PRESSURE)

STD.TEMP (F) = 68 N--
STD.TEMP (R) = 528
STD. PRESSURE (IN.HG) = 29.92

aN

7,•

57 0



R U N # I -

HUMIDITY DATA

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K.
AMBIENT DRY BULB (K) = 279.2611
AMBIENT WET BULB (K) = 276.4833 -
SOURCE ALTITUDE (AMSL) (FT) = 870

DEW POINT = 31.467 DEG. F. .

VAPOR PRESSURE (IN.HG) = .1766514"WA
SATURATION VAPOR PRESS. (IN.HG) = .2770307
RELATIVE HUMIDITY (%) = 63.76599
SPECIFIC HUMIDITY (pplOOO) = 3.792975

METER DATA PROGRAM

# OF TEST POINTS = 12
AMBIENT PRESS. (IN.HG)= 29.42 A-

POINT TEMP IN TEMP OUT AVG TEMP Delta H
# F F F IN.H20

1 47 47 47 1.88
2 49 47 48 1.69
3 53 48 50.5 2.08 -

4 56 49 52.5 1.9 P

5 57 50 53.5 1.33
6 57 50 53.5 1.52
7 51 51 51 1.13
8 50 50 50 1.32
9 52 50 51 1.7
10 55 50 52.5 2.09
11 57 51 54 2.28
12 58 51 54.5 1.71

FINAL AVG. METER TEMP (R) = 511.5
DELTA H@ VALUE = 2.11
FINAL AVG. METER PRESS. (IN.HG) = 29.54641

58

) - ,0
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H20 TEST DATA

START METER READING = 41.3
END METER READING = 77.093
TOTAL CONDENSATE VOL (ML) = 50.08
H20 VAPOR GAS VOLUME @ STP = 2.373792
TOTAL METER GAS VOL (uncorrected CF) = 35.793
AVG, METER TEMP (R) = 511.5
TOTAL DRY SAMPLE VOL (CF @ STP) = 36.48628
MOLE FRACTION DRY AIR = .9389143
% H20 BY VOL = 6.108565

GAS D E N S I T Y

% C02 = 10.17
% 02 = 9.37
% CO = 0 0
% N2 = 78""

GAS DENSITY = .9886743

DRY MOL. WT. = 29.3132

0

01

".

59 0



S O U R C E T E S T D A T A

NOZZLE DIAM (IN.) = .498
NOZZLE AREA (FT2) = 1.352651E-03
PITOT FACTOR = .84
ATMOS. PRESS (IN.HG) = 29.42
STACK PRESS (IN.HG) = 29.4237 "
TEST START TIME = 1437

PT/DELTA P TS/TM VELOCITY DELTA H TIME
/ ,N H2n R FT/SEC IN.H20 MINS

1 / .05 880 / 507 16.38736 1.88 5
2 / .045 880 / 508 15.54642 1.69 5
3 / .055 880 / 510.5 17.18721 2.08 5
4 / .05 880 / 512.5 16.38736 1.9 5 .,

5 / .035 880 / 513.5 13.71065 1.33 5 ,
6 / .04 880 / 513.5 14.6573 1.52 5
7 / .03 880 / 511 12.6936 1.13 5
8 /.035 880 /510 13.71065 1.325
9 / .045 880 / 511 15.54642 1.7 5
10 / .055 880 / 512.5 17.18721 2.09 5
11 / .06 880 / 514 17.95146 2.28 5
12 / .045 880 / 514.5 15.54642 1.71 5

TOTAL METER VOLUME = 35.793
AVG. STACK TEMP (R) = 880
AVG. STACK VEL (FT/SEC) = 15.54267
AVG. STACK VEL (FT/MIN) = 932.5603
AVG. METER TEMP (R) = 511.5
AVG. METER DELTA H (IN.H20) = 1.719167
AVG. METER PRESSURE (IN.HG) = 29.54641
TOTAL MINS OF TEST = 60
STACK ACFM = 22156.02
STACK DSCFM = 12272.98 S

600

60 0



1 SO0K I N ET I C A N AL Y S I S

TOTAL CONDENSATE VOLUME (ML) = 50.08

AVERAGE STACK TEMPERATURE (R) =880 C

TOTAL METER GAS VOL (uncorrected CF) = 35.793
AVG METER TEMP (R) = 511.5
BAROMETRIC PRESSURE (IN.HG) = 29.42
AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) =1.719167 

"

AVG. STACK VEL (FT/MIN) =15.54267
STACK PRESSURE (IN.HG) =29.4237
TOTAL MINUTES OF TEST = 60 .

NOZZLE AREA (FT2) = 1.352651E-03
DRY GAS METER CALIBRATION FACTOR = 1.082

ISOKINETIC RATE FOR THIS RUN = 93.70332%

P A RT IC UL ATE E MI S SIO0N R AT E

INITIAL FILTER WT. (GMS) = 0 ''

FINAL FILTER WT. (GMS) =  .2719 'r

SAMPLE WT. (GMS) =  .2719 :-!

SAMPLE VOL. (DSCFM) =  36.48628 ",'
CONCENTRATION (GR/DSCF) =  .1149862 "

% C02 = 10.17
CONCENTRATION @ 12% C02 (GR/DSCF) =  .1356769'.

STACK DSCFM =  12272.98 ''
PM EMISSIONS (stk conds) (LB/HR) =  12.09559 <

PM EMISSIONS (@ 12% C02) (LB/HR) = 14.27209 ,

****END OF ANALYSIS FOR RUN # I1 ****N

, T .



R U N # 2

H U M I D I T Y D A T A

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K.
AMBIENT DRY BULB (K) = 279.8167
AMBIENT WET BULB (K)= 277.8722
SOURCE ALTITUDE (AMSL) (FT) = 870

!)EW POINT = 36.48698 DEG. F. 'J

VAPOR PRESSURE (IN.HG) = .2154221
SATURATION VAPOR PRESS. (IN.HG) = .2877726
RELATIVE HUMIDITY (%) = 74.85843 •
SPECIFIC HUMIDITY (pp1OOO) = 4.627782

METER DATA PROGRAM

it OF TEST POINTS = 12
AMBIENT PRESS. (IN.HG) = 29.387 k. 4d

POINT TEMP IN TEMP OUT AVG TEMP Delta H

# F F F IN.H20

i 53 50 51.5 1.4 -
2 52 50 51 1.4
3 55 51 53 1.6
4 57 50 53.5 2.01

58 52 55 2.01
E 59 53 56 2.01
7 51 51 51 1.4
E 51 50 50.5 1.6
9 52 50 51 2.01
10 51 50 50.5 1.99
11 56 51 53.5 1.6
12 58 51 54.5 1.2

FINAL AVG. METER TEMP (R) = 512.5833 -.

CELTA HO VALUE = 2.11 .

FINAL AVG. METER PRESS. (IN.HG) = 29.51096

6.

62 5
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H 2 0 T E S T D A T A

START METER READING = 77.441
END METER READING = 112.782
TOTAL CONDENSATE VOL (ML) = 60.34
H20 VAPOR GAS VOLUME @ STP = 2.860116 .t
TOTAL METER GAS VOL (uncorrected CF) = 35.341
AVG. METER TEMP (P) = 512.5833 •
TOTAL DRY SAMPLE VOL (CF @ STP) = 35.90624
MOLE FRACTION DRY AIR = .9262217
% H20 BY VOL = 7.377831

G A S D E N S I T Y %,

% C02 = 10.67 , f.

% 02 = 8.07
% CO = 0 S
% N2 = 78

GAS DENSITY = .9774436

DRY MOL. WT. = 29.1172

6 3

,'...-..
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S S 0 U R C E T F S T D A T A :

N ZZLE D-AM (IN.) = .498 .'.-,.

NDZZi-E AREA (FT2) = 1.352651E-03 .,,_
PIT OT FACTOR =  .84
ATMOS. PRESS (IN.HG) =  29.387
STACK PRESS (IN.HG) =  29.3936 _
TEST START TIME = D002

PT/DELTA P TS/TM VELOCITY DELTA H TIME .,,S!N.HL' R FT/SEC IN.H20 MINS

1 / .035 878 / 511.5 13.78057 1.4 5"-/ .035 878 / 511 13.78057 1.4 5
3 / .04 887 513 14.80736 1.6 5
4 S.05 897 513.5 16.64819 2.01 5
5 .05 892 515 16.60172 2.01 5/ .05 892 F516 16.60172 2.01 5
' / .035 880 / 511 13.79625 1.4 52 / .04 883 / 510.5 14.77393 1.6 5
9 / .05 885 / 511 16.53645 2.01 5
50 / .05 891 / 510.5 16.59242 1.99 5
11 / .04 891 / 513.5 14.84071 1.6 5
.2 / .03 880 / 514.5 12.77285 1.2 5

TOTAL METER VOLUME = 35.341
AVG. STACK TEMP (R) = 886.1667
AVG. STACK VEL (FT/SEC) = 15.12773
VG. STACK VEL (FT/MIN) = 907.6636

AVG. METER TEMP (R) =  512.5833
AVG . ME TER DELTA H (IN.H20) =  1.685834
, VG. ETEP PRESSURE (:N.HG) = 29.51096
T,'TAL V: 'S OF TEST =  60
STACK ACFM = 21564.52
STACK DSCFM 11688.72

0

, " ~- .'- ,
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I S 0 K I N E T I C A N A L Y S I S ,

TOTAL CONDENSATE VOLUME (ML) = 60.34
AVERAGE STACK TEMPERATURE (R) = 886. 1667
TOTAL METER GAS VOL (uncorrected CF) =  35.341 F
AVG METER TEMP (R) = 512.5833
BAROMETRIC PRESSURE (IN.HG) =  29.387

AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) =1.685834
AVG. STACK VEL (FT/MIN) =15.12773
STACK PRESSURE (IN.HG) = 29.3936
TOTAL MINUTES OF TEST = 60
NOZZLE AREA (FT2) = 1.352651E-03 ,'w
DRY GAS METER CALIBRATION FACTOR =1.082

ISOKINETIC RATE FOR THIS RUN = 96.71302% .'

PA RT IC UL A TE E M I S S 1 0ON R A T E

INITIAL FILTER WT. (GMS) = 0 ""

FINAL FILTER WT. (GMS) =  .3003 " ''
SAMPLE WT. (GMS) = .3003 ""

SAMPLE VOL. (DSCFM) = 35.90624,"-
CONCENTRATION (GR/DSCF) = .129048
7% C02 =  10.67 .,
CONCENTRATION @ 120k C02 (GR/DSCF) =.1451337
STACK DSCFM =  11688.72
PM EMISSIONS (stk conds) (LB/HR) = 12.92855 ,
PM EMISSIONS (@ 12% C02) (LB/HR) = 14.54007

* ** * **END OF ANALYSIS FOR RUN # 2 ******* ****



R U N #3

HUMIDITY DATA 

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K.

AMBIENT DRY BULB (K) = 272.5944
AMBIENT WET BULB (K) = 270.3722
SOURCE ALTITUDE (AMSL) (FT) = 870

DEW POINT = 19.01367 DEG. F.
VAPOR PRESSURE (IN.HG) = .1060571
SATURATION VAPOR PRESS. (IN.HG) = .1733842
RELATIVE HUMIDITY (M) = 61.16885
SPECIFIC HUMIDITY (pplOOO) = 2.275113

M E T E R D A T A P R 0 G R A M

# OF TEST POINTS = 12
AMBIENT PRESS. (IN.HG) 29.2

POINT TEMP IN TEMP OUT AVG TEMP Delta H
# F F F IN.H20

1 38 36 37 1.54
2 39 37 38 1.93
3 41 37 39 1.93
4 42 37 39.5 1.93
5 42 37 39.5 1.16
6 42 38 40 1.16
7 37 36 36.5 1.16
8 38 37 37.5 1.54 •
9 39 36 37.5 1.54
10 39 36 37.5 1.93
11 40 36 38 1.74
12 38 35 36.5 1.59 "

FINAL AVG. METER TEMP (R) = 498.0417 0

DELTA H@ VALUE = 2.11
FINAL AVG. METER PRESS. (IN.HG) = 29.31734

66

.4 .

',I"-1.
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H~ 2 0 T',.~ E

STAR METR REDING= 11.27

END MTER EADIN = 17.47
TOTALCONDNSAT VOL(ML) 56.7

H20 APORGAS OLUM @ SP 2.899

TOTA MEER GS VL (ucorecte CF 34.990
AVG.METE TEM (R)= 49.041

%H20 TES DATA .088

STR METE REDN 1011.27
EN METE REDN 8.14.47
TOA CONEST VO (M)0 67

MOL ENFRATIO DRYAIR54 92911

DR H20. BY. VOL9.038

07S

GAS DENIT



,o, 0

SOURCE TEST DATA 

NOZZLE DIAM (IN.) = .498
NOZZLE AREA (FT2) = 1.352651E-03
PITOT FACTOR = .84
ATMOS. PRESS (IN.HG) = 29.2
STACK PRESS (IN.HG) = 29.205
TEST START TIME = 855

PT/DELTA P TS/TM VELOCITY DELTA H TIME "N,

: / IN.H20 R FT/SEC IN.H20 MINS

1 / .04 885 / 497 14.85373 1.54 5
2 / .05 911 / 498 16.84915 1.93 5
3 / .05 920 / 499 16.93218 1.93 5
4 / .05 919 / 499.5 16.92297 1.93 5
5 / .03 887 / 499.5 12.87824 1.16 5 N'AL

6 /.03 879 /500 12.82003 1.16 5
7 /.03 885 / 496.5 12.86371 1.16 5
8 / .04 890 / 497.5 14.89563 1.54 5
9 / .04 901 / 497.5 14.9874 1.54 5 , i
10 / .05 904 / 497.5 16.78429 1.93 5
11 / .045 901 / 498 15.89654 1.74 5
12 / .04 890 / 496.5 14.89563 1.59 5 ,

TOTAL METER VOLUME = 34.19901

AVG. STACK TEMP (R) = 897.6667
AVG. STACK VEL (FT/SEC) = 15.13163
AVG. STACK VEL (FT/MIN) = 907.8975
AVG. METER TEMP (R) = 498.0417
AVG. METER DELTA H (IN.H20) = 1.595833
AVG. METER PRESSURE (IN.HG) = 29.31734
TOTAL MiNS OF TEST = 60
STACK ACFM = 21570.08
STACK DSCFM = 11510.48 •

j- ,r

0' '>

/ .V ..#



w~m

I S 0 K I N E T I C A N A L Y S I S

TOTAL CONDENSATE VOLUME (ML) =56.75

AVERAGE STACK TEMPERATURE (R) = 897.6667
TOTAL METER GAS VOL (uncorrected CF) =  34.19901

AVG METER TEMP (R) =  498.0417 ;
BAROMETRIC PRESSURE (IN.HG) =  29.2 , _

AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) =1.595833•

AVG. STACK VEL (FT/MIN) = 15.13163 :4,

STACK PRESSURE (IN.HG) = 29.205
TOTAL MINUTES OF TEST =60 ,

NOZZLE AREA (FT2) =  1.352651E-03"-:
DRY GAS METER CALIBRATION FACTOR = 1.082

ISOKINETIC RATE FOR THIS RUN =97.20239 % '

w.% i•

P A R T I C U L A T E E M I S S 1 0 N R A T E *'

INITIAL FILTER WT. (GMS) =  0 .€ ,

FINAL FILTER WT. (GMS) = .3812•
SAMPLE WT. (GMS) =  .3812:..-'.,
SAMPLE VOL. (DSCFM) =  35.52587-

CONCENTRATION (GR/DSCF) = .1655671
% C02 = 10.1
CONCENTRATION @ 12% C02 (GR/DSOF) =.1967134 .,,
STACK DSCFM = 11510.48

PM EMISSIONS (stk conds) (LB/HR) = 16.33424".'.
PM EMISSIONS (@ 12% C02) (LB/HR) = 19.40702 ,.'

• ***END OF ANALYSIS FOR RUN # 3 *** 69 ,.k
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AIR POLLJTION PARTICULATE ANALYTICAL DATA %

8ASEDATE RUN NUMBER 0BASE
BUILDING NUMBER SOURCE NUMBER

vr.

'1, PARTICULATES

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT PARTICLES

(an) ( )m)

FILTER NUMBER .7 / ,/ 7. / 7 ,

ACETONE WASHINGS (Probe, Front
Hall Filter)%"____"______"____ f. f /- /C') ./ ' L''.'i.,/.

BACK HALF (if needed)

I',.
Total Weight of Particulates CollectedI

II. WATER _

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT WATER

(grn) (am) (9-)

IMPINGER I (H,20) I !0 $

*1~ *.p_.A' IMPINGER 2 (H120) ,

%lp %

IMPINGER 3 (Dry) / e %

IMPINGER 4 (Silica Gel) -

Total Weight of Water Collected

GASES (Dry) __ _ _ _ _.

ITEM ANALYSIS ANALYSIS ANALYSIS ANALYSIS AVERAGE
1 2 3 4

.VOL".C0

2 /

VOL' 02 _'_.__.

VOL %CO

VOL %N 2

Vol %N 2  (100% • CO 2 • CO). CO)

AMD ,.' Im 651 ttPPL&E, . '" " .
73

.. ..':.;0



AIR POLLUTION PARTICULATE ANALYTICAL DATA ,

BASE DATE RUN NUMBER

BUJILDING NUK48ER SOURCE NUMBERlo

PARTICULATES
ITEM FINAL WEIGHT INITIAL WEIGHT *EIGHT PARTICLES

ITM(grn) (am) (00)

FILTER NUMBER

ACETONE WASHINGS (Probe, Front % ,

Haft Flt'r) % 7, o0< /,

BACK HALF (It needed)

Total Weight of Particulate$ Collected 00 m 03

II, WATER

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT WATER *. -.

IMPINGER 1 (H20)

/0-0

IMPINGER 2 (H 20)

IMPINGER 3 (Dry) II " ,

IMPINGER 4 (Silica Get)

1 .] C'/s Total Weight of Water CollectedO: £P ,__,____,_......____ 02 ? 'd :7

III. GASES (Dry)

ITEM ANALYSIS ANALYSIS ANALYSIS ANALYSIS AVERAGE

VOL % CO 2  V4 A

0N
VOL %02 %/ ,

31 E. ,41

VOL CO *- *ie

.01
VOL N2

Vol %N 2 = (100%- % CO 2 . 02. % CCI

OEHL m, 20

',40

~ ~ ' N 4. *.*,~*...*-*. ~ ~ 4? ' o~' *~ V ~ ~% P



AIR POLLUTION PARTICULATE ANALYTICAL DATA

3ASE DATE ~ ~RUN NUMBER

3 ,ILDING "BER SOURCE NUMBER

PARTICULATES

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT PARTICLES
(gm) (01l) ram)

FILTER NUMBER 41- '- - ./ !

ACETONE WASHINGS 'Probe. Front7-
Hall Filter)

BACK HALF (If needed) 0

Total Weigkt of Porticulates Collected , - / :
..... _ _ _ _ _ __,_ _ __,_ __.,_,, , ..... .-" ,

II. WATER _ _ _ _ _ _ _-

FINAL WEIGHT INITIAL WEIGHT WEIGHT WATER
ITEM

IMPINGER I (H120)

IMPINGER 2 (,0 /( /20)

I IMPINGER 3 (Dry) ,

IMPINGER 4 (Stiles Gel) 31-

/t~O 7L ~/ Total Weighlt of Water Collected ~a
<9 Z5_______________ ign % .11___

eI.- GASES (Dry)__ _ _ _ _ _ _ _ _ _ _ _ _

ITEM ANALYSIS ANALYSIS ANALYSIS ANALYSIS AVERAGE
1 2 3 4

VOL % CO2 / '

vo .,~ -7 C, - g j .-'.,:

VOL ". CO

VOL . N2

Vol ' N2  (100% • % CO2 . % 0 2 . % CO)

OEHL MAY' 20 75 0

-A Y A.'

.r. -. ,.. ,.,- ....... .'<.. ,- " .." " ." ." ." ". ".'." .',." ." .',." .. -.". ,.. ":'."-.'-.'-." ." ." -.. ' '-"-.-.. ..'.".. -...".."."., .;. .
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Boiler 3, Scrubber Stack 
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S 0 U R C E T E S T R E P 0 R T r

% ~SOURCE: .,

,, GRISSOM AFB CENTRAL HEATING PLANT

GRISSOM AFB, IN 46971'.

'. DEVICE TESTED :BOILER #3:SCRUBBER STACK ."

" DATE TESTED : 23 NOV 87

3 0

".r.

SUBMITTING AGENCY :
,r USAFOEHL/ECQ -

BROOKS AFB, TX 78235

'- -% R '

%

N I

STE

%

SOURC"
G A C H



* .l. .p,

*',.p

DETERMINATION OF MINIMUM NUMBER OF TRAVERSE POINTS

Stack ID: S6"LL -_7 Stack diameter at ports: 5.C (ft)

Distance A (ft) 7.C (duct diameters) /

Recommended number of traverse points as determined by

distance A: 2c

Distance B (ft) 2 e (duct diameters) _______

Recommended number of traverse points as determined by

distance B: %

Number of traverse points usred: ____

00

- .-%

k0

A

'S.

'.. ~ .- ~ 2 *.. ~~ %~V.. ~~*'*~*** '* ' V* % ' % '' *-%Jl"



TEST TRAVERSE POINT LOCATION

STACK DIAM. (IN.) = 60 -'

STACK RADIUS (IN.) = 30 "

STACK DIAM. (FT.) = 5
STACK AREA (SQ.FT) = 19.63494

POINT # DISTANCE IN.

1 1.539501
2 4.9002
3 8.786797 0

4 13.56832
5 20.51317
6 39.48683
7 46.43168
8 51.21321
9 55.0998 •

10 58.4605

THE ABOVE DISTANCES PROCEED FROM THE TEST PORT ACROSS THE
TRAVERSE TO THE OPPOSITE WALL OF THE STACK. 0
THESE DISTANCES SHOULD BE ROUNDED OFF TO THE NEAREST 1/4 INCH.
THAT'S ABOUT AS ACCURATE AS YOU CAN GET WITH AN EPA METHOD 5
PROBE. P R 0 B E. ",'..

STANDARD CONDITIONS TEMP. AND PRESSURE) -

STD.TEMP (F) = 68
STD.TEfP (R) = 528
STDJ. PRESSURE ":"HG) 29.9?

| •N

-. ,..

¢ :-i':"
,.-

8, 0
,.! . . . . ..



R U N # 1 *****

HUMIDITY DATA S

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K.
* AMBIENT DRY BULB (K) = 280.9278

AMBIENT WET BULB (K) = 279.2611
SOURCE ALTITUDE (AMSL) (FT) = 870

DEW POINT = 39.89329 DEG. F. .-
VAPOR PRESSURE (IN.HG) = .2459105 '

SATURATION VAPOR PRESS. (IN.HG) = .3103822
RELATIVE HUMIDITY (%) = 79.22828
SPECIFIC HUMIDITY (pplOOO) = 5.28485 &*.S

M E T E R D A T A P R O G R A M

# OF TEST POINTS = 20
AMBIENT PRESS. (IN.HG) = 29.02 .

POINT TEMP IN TEMP OUT AVG TEMP Delta H
# F F F IN.H20

1 47 47 47 1.84
2 50 48 49 2.14 0
3 52 48 50 2.53
4 55 49 52 2.78
5 57 49 53 3.21
6 59 50 54.5 3.32
7 61 51 56 3.23
8 61 51 56 3.14 0

9 63 53 58 3.15
10 63 53 58 2.36
11 63 54 58.5 2.16
12 62 55 58.5 2.36
13 63 55 59 2.46
14 64 55 59.5 2.67 0

15 65 56 60.5 3.19
16 66 57 61.5 3.28
17 66 57 61.5 3.38
18 67 58 62.5 3.28
19 67 58 62.5 3.47
20 67 58 62.5 2.67

FINAL AVG. METER TEMP (R) = 517
DELTA H@ VALUE = 2.11
FINAL AVG. METER PRESS. (IN.HG) = 29.22816

82 0

~ *5 .5- % - V K.~ * 4'S. S.1 ,- I .-.'.-
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H 2 0 T E T DA T0

H20 TEORGSTVLM DAT .29

SOTAT METER RADIN VO (uc80.784 F) 473201o

AVG. METER TEMP (R) = 517W.
TOTAL DRY SAMPLE VOL (CF @ STP) = 47.21335
MOLE FRACTION DRY AIR = .9249672
% H20 BY VOL = 7.503282

GAS DENSITY

% C02 = 3.37
% 02 = 16.83

% N2 = 78

GAS DENSITY =.9639005

DRY MOL. WT. = 28.7084 ..

6S



SO0 U R C E T E S T D A T A

NOZZLE DIAM (IN.) = .313
NOZZLE AREA (FT2) = 5.343376E-04 ,, ---P..--'*-

PITOT FACTOR = .84
ATMOS. PRESS (IN.HG) = 29.02
STACK PRESS (IN.HG) = 29.0288

TEST START TIME = 830

PT/DELTA P TS/TM VELOCITY DELTA H TIME ,
:/IN.H20 R FT/SEC IN.H20 MINS ¢

1/ .19 570 /507 26.2145 1.843

2 .22 571 /509 28.23299 2.14 3 :1 i
3 /.26 571 /510 30.69249 2.53 3 .L:

5 /.33 574 /513 34.66892 3.21 3
6 /.34 575 /514.5 35.22093 3.32 3 :,,7 /.33 574 /516 34.66892 3.23 3
8 /.32 574 1516 34.13959 3,14 3 ,
9 /.32 573 /518 34.10984 3.15 3 :,i
10 /.24 574 1518 29.56575 2.36 3 ,''
11 .22 574 /518.5 28.30706 2.16 3
12 /.24 574 /518.5 29.56575 2.36 3 ';
13 /.25 574 /519 30.17542 2.46 3',",,s,,
14 /.27 573 /519.5 31.33189 2.67 3t.I
15 /.32 570 /520.5 34.02043 3.19 3
16 /.33 572 /521.5 34.60847 3.28 3 "--
17 /.34 572 /521.5 35.12893 3.38 3
18 /.33 573 /522.5 34.63871 3.28 3,...', l
19 .35 574 /522.5 35.70401. 3,47 3 ",
20 / .27 575 /522.5 31.38653 2.67 3".._ rl; '

TO)TAL METER VOLUME = 47.32401
AVG. STACK TEMP (R) =572.9
A',G .STACK VEL (FT/SEC) = 32.26751 :'-'
AVG. STACK VEL (FT/MII) = 1936.051,¢ ,
AVG. METER TEMP (R) = 517 -" -
AVG. METER DELTA H (IN.H20) =  2.831,.' ':,
AVG. METER PRESSURE (IN.HG) =  29.22816 i,.,

OTAL INS OF TEST =  60
T-ACK ACFM = 38014.24

STCV DSCF IE 31431 3
PP V CA I

~ / IN.20 P FTSEC IN.20,MIN



I SOK I NET IC ANALYSIS 

TOTAL CONDENSATE VOLUME (ML) = 80.8
AVERAGE STACK TEMPERATURE (R) = 572.9
TOTAL METER GAS VOL (uncorrected CF) = 47.32401
AVG METER TEMP (R) = 517
BAROMETRIC PRESSURE (IN.HG) = 29.02
AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) = 2.831
AVG. STACK VEL (FT/MIN) = 32.26751
STACK PRESSURE (IN.HG) 29.0288
TOTAL MINUTES OF TEST = 60
NOZZLE AREA (FT2) = 5.343376E-04DRY GAS METER CALIBRATION FACTOR = 1.082

ISOKINETIC RATE FOR THIS RUN = 98.92119 %

P AR T I C UL A TE E MI S SIO0N R AT E

INITIAL FILTER WT. (GMS) =0

FINAL FILTER WT. (GMS) 1.1479
SAMPLE WT. (GMS) = 1.1479
SAMPLE VOL. (DSCFM) = 47.21335
CONCENTRATION (GR/DSCF) = .3751502
SC02 = 3.37

CONCENTRATION @ 12% C02 (GR/DSCF) =1.335847

STACK DSCFM = 31431.38 .
PM EMISSIONS (stk conds) (LB/HR) =101.0649

PM EMISSIONS (@ 12% C02) (LB/HR) 359.8749

****END OF ANALYSIS FOR RUN I ***

- ............



R U N # 2

H UM I DI TY D AT A

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K.
AMBIENT DRY BULB (K) = 285.3722
AMBIENT WET BULB (K) =281.4833
SOURCE ALTITUDE (AMSL) (FT) = 870

DEW POINT = 40.28562 DEG. F.
VAPOR PRESSURE (IN.HG) = .2496591
SATURATION VAPOR PRESS. (IN.HG) = .4175718
RELATIVE HUMIDITY M% = 59.78831
SPECIFIC HUMIDITY (pplOOO) = 5.365673

M E TER D A TA P ROG RA M

# OF TEST POINTS = 20
AMBIENT PRESS. (IN.HG) =29.02

POINT TEMP IN TEMP OUT AVG TEMP Delta H
#F F F IN.H20

1 595 92.18 "'

2 61 59 60 2.440
3 64 59 61.5 2.84
4 66 60 63 2.99
5 66 60 63 3.28
6 68 60 64 2.99
7 68 61 64.5 3.08
8 69 61 65 3.03
9 69 61 65 3.06
10 70 62 66 2.47
11 69 63 66 2.26
12 68 63 65.5 2.36
13 69 64 66.5 2.45
14 71 64 67.5 2.62
15 72 65 68.5 2.97
16 73 65 69 3.04
17 74 66 70 3.14
18 75 66 70.5 3.05
19 76 67 71.5 3.09
20 76 68 72 2.85

FINAL AVG. METER TEMP (R) =525.9
DELTA H@ VALUE =2.11 .A

FINAL PVG METER PRESS. (IN.HG) =29.22644

800
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0

H 2 0 T E S T D A T A K

~START METER READING = 428.304
END METER READING = 475.886
TOTAL CONDENSATE VOL (ML) =81.63

L TOTAL METER GAS VOL (uncorrected CF) =  47.582 "

AVG. METER TEMP (R) =  525.9 .k

i : TOTAL DRY SAMPLE VOL (CF @ STP) =  46.66461
~MOLE FRACTION DRY AIR =  .9234323

% H20 BY VOL = 7.656769 ,,

G AS DE NS I T Y

..

%C02 = 3.03 .
% 02 = 17.3
% CO = 70 !
% N2 =  78,

GAS DENSITY =  .9633582 .

DRY MOL. WT. =28. 7092

87'a
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S 0 U R C E T E S T D A T A -.

NOZZLE DIAM (IN.) = .313
NOZZLE AREA (FT2) =  5.343376E-04
PITOT FACTOR = .84 7
ATMOS. PRESS (IN.HG) = 29.02
STACK PRESS (IN.HG) = 29.0288
TEST START TIME = 1000

PT/DELTA P TS/TM VELOCITY DELTA H TIME
# / IN.H20 R FT/SEC IN.H20 MINS

1 / .22 570 / 519 28.21619 2.18 3 ."

2 / .245 570 / 520 29.77626 2.44 3
3 / .28 569 / 521.5 31.80422 2.8 3 %
4 / .3 572 / 523 33.00717 2.99 3
5 / .33 573 / 523 34.64846 3.28 3 S

6 / .3 573 / 524 33.03601 2.99 3
7 / .31 575 / 524.5 33.64065 3.08 3
8 / .305 576 / 525 33.39726 3.03 3
9 / .31 579 / 525 33.75746 3.06 3
10 / .25 581 / 526 30.36741 2.47 3
11 / .225 570 / 526 28.53503 2.26 3
12 / .235 570 525.5 29.16225 2.36 3
13 / .245 573 / 526.5 29.85451 2.45 3 "J', ,
14 / .26 570 / 527.5 30.67424 2.62 3
15 / .295 572 / 528.5 32.73095 2.97 3 .. ,
16 / .3 569 / 529 32.9205 3.04 3
17 / .31 570 / 530 33.49407 3.14 3 ,.

18 / .3 569 / 530.5 32.9205 3.05 3
19 / .305 571 / 531.5 33.25198 3.09 3
20 / .28 570 / 532 31.83216 2.85 3 "..

TOTAL METER VOLUME = 47.582
AVG. STACK TEMP (R) 572.1
AVG. STACK VEL (FT/SEC) = 31.85136
AVG. STACK VEL (FT/MIN) = 1911.082

AVG. METER TEMP (R) =  525.9 ";."."
AVG. METER DELTA H (IN.H20) = 2.8075
AVG. METER PRESSURE (IN.HG) = 29.22644
TOTAL MINS OF TEST = 60
STACK ACFM = 37523.97
STACK DSCFM 31017.85

H88
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I SOK I NET IC ANALYSIS

TOTAL CONDENSATE VOLUME (ML) = 81.63
AVERAGE STACK TEMPERATURE (R) = 572.1
TOTAL METER GAS VOL (uncorrected CF) = 47.582
AVG METER TEMP (R) = 525.9
BAROMETRIC PRESSURE (IN.HG) = 29.02
AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) = 2.8075
AVG. STACK VEL (FT/MIN) = 31.85136 V
STACK PRESSURE (IN.HG) = 29.0288
TOTAL MINUTES OF TEST = 50
NOZZLE AREA (FT2) = 5.343376E-04
DRY GAS METER CALIBRATION FACTOR 1.082

ISOKINETIC RATE FOR THIS RUN = 99.06254 %

P A R T I C U L A T E E M I S SI O N R A T E

INITIAL FILTER WT. (GMS) = .4026
FINAL FILTER WT. (GMS) = .8052
SAMPLE WT. (GMS) = .4026
SAMPLE VOL. (DSCFM) = 46.66461
CONCENTRATION (GR/DSCF) = .1331227
% C02 = 3.03
CONCENTRATION @ 12% C02 (GR/DSCF) = .5272185
STACK DSCFM = 31017.85
PM EMISSIONS (stk conds) (LB/HR) = 35.39119
PM EMISSIONS (@ 12% C02) (LB/HR) 140.1631 ,..,

*** END OF ANALYSIS FOR RUN # 2 *
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*** R U N $ 3 *

HUMIDITY DATA 
A

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K.

AMBIENT DRY BULB (K) = 285.9278
AMBIENT WET BULB (K) = 282.5945
SOURCE ALTITUDE (AMSL) (FT) = 870

DEW POINT = 43.74922 DEG. F.
VAPOR PRESSURE (IN.HG) = .2850438
SATURATION VAPOR PRESS. (IN.HG) = .4330654
RELATIVE HUMIDITY (%) = 65.82003
SPECIFIC HUMIDITY (pplOO) = 6.128993

M E T E R D A T A P R 0 G R A M

# OF TEST POINTS = 20 ",-
AMBIENT PRESS. (IN.HG) = 29.02

". . w*,

POINT TEMP IN TEMP OUT AVG TEMP Delta H

# F F F IN.H20

1 68 69 68.5 2.22 .
2 72 69 70.5 2.41 S

3 72 69 70.5 2.8 ,
4 73 69 71 3.1
5 74 70 72 3.37
6 75 69 72 3.15
7 77 70 73.5 3.05
8 77 71 74 3.09 0

9 78 71 74.5 3.08
10 78 71 74.5 2.53
11 76 71 73.5 2.53

12 75 71 73 2.53
13 76 71 73.5 2.54
14 76 70 73 2.79 0

15 76 70 73 2.99
16 75 70 72.5 3.24
17 76 70 73 3.57

18 76 70 73 3.39
19 76 70 73 3.4?
20 76 70 73 3.35 •

FINAL AVG. METER TEMP (R) 532.575
DELTA H@ VALUE = 2.11
FINAL AVG. METER PRESS. (IN.HG) = 29.23746
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D MT R
TOTAL CT V

% H20 TS DATA

STR METE REDN 3.7604
EN METE REDN 172.9
TOA CONEST VO (M)0 22

AVG METE TEM (R7852.7

GAS DENSITY9647

DRY.O. T. 2864

HC 2 0 TEST DATA.¢'

STNR MEE 78 DN = 4604

0

GSEN STY REA .96952

DRYTML. WRY 28.644 (F@ST) =  7387

% 02 : .1'

912 1 0w
% CO = 0':'.*

'I' N2uI = 78 ? '. *
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SO0U RC E T E ST D AT A

NOZZLE DIAM (IN.) = .313
NOZZLE AREA (FT2) = 5.343376E-04
PITOT FACTOR = .84
ATMOS. PRESS (IN.HG) = 29.02
STACK PRESS (IN.HG) = 29.0288 .
TEST START TIME = 1136

PT/DELTA P TS/TM VELOCITY DELTA H TIME ..,

# IN.H20 R FT/SEC IN.H20 MINS

1 / .22 570 / 528.5 28.24381 2.22 3
2 / .24 575 / 530.5 29.6288 2.41 3
3 / .28 578 / 530.5 32.08614 2.8 3
4 / .31 578 / 531 33.76131 3.1 3
5 / .335 576 / 532 35.03549 3.37 3
6 / .315 580 / 532 34.09132 3.15 3
7 / .305 581 / 533.5 33.57473 3.05 3
8 / .31 584 / 534 33.93609 3.09 3
9 / .31 587 / 534.5 34.02315 3.08 3
10 / .255 588 / 534.5 30.88398 2.53 3
11 / .25 575 / 533.5 30.23977 2.53 1
12 / .25 575 / 533 30.23977 2.53 3
13 / .255 583 / 533.5 30.75239 2.54 3
14 / .28 584 / 533 32.25225 2.79 3
15 / .3 583 / 533 33.35565 2.99 3
16 / .325 583 / 532.5 34.71766 3.24 3
17 / .355 577 / 533 36.09746 3.57 3
18 / .34 583 / 533 35.50981 3.39 3 -
19 / .345 586 / 533 35.86187 3.42 3
20 / .34 589 / 533 35.69206 3.35 3

TOTAL METER VOLUME 48.90903
AVG. STACK TEMP (R) = 580.75
AVG. STACK VEL (FT/SEC) =  32.99918
AVG. STACK VEL (FT/MIN) = 1979.951 .
AVG. METER TEMP (R) =  532.575
AVG. METER DELTA H (IN.H20) = 2.9575
AVG. METER PRESSURE (IN.HG) = 29.23746
TOTAL MINS OF TEST = 60
STACK ACFM 38876.22
S .A C:DS - 31675.31
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I SOK I NET I C ANALYSIS 

TOTAL CONDENSATE VOLUME (ML) = 82.26
AVERAGE STACK TEMPERATURE (R)= 580.75
TOTAL METER GAS VOL (uncorrected CF) =  48.90903
AVG METER TEMP (R) = 532.575
BAROMETRIC PRESSURE kUN.HG) =29.02
AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) = 2.9575
AVG. STACK VEL (FT/MIN) = 32.99918
STACK PRESSURE (IN.HG) = 29.0288
TOTAL MINUTES OF TEST 60
NOZZLE AREA (FT2) = 5.343376E-04 0
DRY GAS METER CALIBRATION FACTOR = 1.082

ISOKINETIC RATE FOR THIS RUN = 98.50356 %

PART I CULATE EMISSION RATE 

INITIAL FILTER WT. (GMS) = 0
FINAL FILTER WT. (GMS) = .3033
SAMPLE WT. (GMS) = .3033
SAMPLE VOL. (DSCFM) =  47.38275
CONCENTRATION (GR/DSCF) = 9.876841E-02
% C02 = 3.1 S
CONCENTRATION @ 12% C02 (GR/DSCF) = .3823294
STACK DSCFM = 31675.31
PM EMISSIONS (stk conds) (LB/HR) = 26.81455 *

PM EMISSIONS (@ 12% C02) (LB/HR) = 103.7982

*** END OF ANALYSIS FOR RUN * 3 *
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7rAIR POLLUTION PARTICULATE ANALYTICAL DATA 'A
BASE DAERUN hNJMUitf

BUILDING NUMBERSOREUBR

PARTICULATES

ITEM FINAL WEIGHT IN TAL WEIGH7 WhE I,HT FAPT iCLES

FILTER NUMBER ~7__ _a

0, (2,

ACETONE WASHINGS (Prob,, Front
Ht Filter)

BACK HALF (i0edd

{ Total Weight of Particultes Collected/ / 97
II. WATER

ITEM FINAL WEtGHT IN, 'IA. WEIC'-7 WEIGHT W*E,--E 0

IMPINGER 1 (H20) /l97_________

IMPINGER 2 (H20) 0

IMPINGER 3 (Dry)

IMPINGER 4 (Silica Get) -,///2~:0

Ill. GSES 3.

Total Weight ' f Water Collected0

ANAL S S 'Dry, .. r%

ITEM ANALYSIS IpA'fI -A AVERAG
1 2 3 4 A E A E'.

VOL CO 2

.a

VOL 'N2 I

Vol N2 (l0- % CO 2. 02. CO'

* OEHL 20OR"97
MAY 78 9



AIR POLLUTION PARTICULATE ANALYTICAL DATA ,

BATE R UN NUUMF H

BUILOING NUMBER SOURCE NUMBER

PARTICULATES

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT PARTICLES

FILTER NUMBER ,-

ACETONE WASHINGS (Probe, Front

Hlt Filter)//0i 37 ____ __"

BACK HALF (I needed)

Total WeIght of Partilculotes Collected

WATER r

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT WATER
(gr) (DT) (dfl')

IMPINGER I (H/20) 33
/0-0 ."-3

IMPINGER 2 (1120) Z.AI--)

IMPINGER 3 (Dr)) 0%9

IMPINGER 4 (Silica Gel) ,~ o

Total Weight of Water Collected

Ill. GASES (Dry) %_%

ANALYSIS ANALYSIS ANALYSIS ANALYSIS AVERAGE

, - ' S. 03 S.'.vo, / Z/7 2 3 7,4 AVE'RAG-.-
VOL CO 2  ' .

VOL J2.~

VOL CO %,

VCL N 2

Vol % N2 (10 r.C 0 2 . % 02 . CO)

OEHL FORM 20MAY 7e 98



AIR POLLUTION PARTICULATE ANALYTICAL DATA 
wr!

O A S E 
UA T E 

R U N N U M E R 
%'?

-D -

PARTICULATES

ITEM FINAL WEIGHT INITIAL WEIGHT WEI(,HT PART ICLES

FILTER NUMBER

ACETONE WASHINGS (Probe, Front

iat/ Filit.)%

BACK HALF (it needed) 0

Total Weight of Particulates Collected

II. WATER

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT WATER

iMPIN)ER 1 (700)

IMPINGER 2 (H120) -,e 9.

IMPINGER 3 (Dry)

c2c7 7r P
IMPINGER 4 (Silica Get)

Total Weight of Water Collected%

Illh _GASES (Dry)

ITEM ANALYSIS ANALYSIS ANALYSIS AIALYSIS AVERAGE1 2 34

O L, o, C 0 2- - -- , 03

AVOL 'X 0

17.0

VOL 'r CO

VOL N 2  
I 0

Vol ' N 2 (100% - % CO 2 . % 02. % CO) ,%

OEHL FORM 20 99
MAY9
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K .',

SO0U R CE T E ST R E POR T

- ,~

SOURCE :"
GRISSOM AFB CENTRAL HEATING PLANT '.I

GRISSOM AFB, IN 46971

S-,

DEVICE TESTED : BOILER #4:BYPASS STACK .,.

DATE TESTED : 21 NOV 87

SUBMITTING AGENCYA: CTLEI PA

USAFOEHL/ECQ , .

BROOKS AFB, TX 78235

,,%
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DETERMINATION OF MINIMUM NUMBER OF TRAVERSE POINTS

Stack ID: _P_#-_ _ Stack diameter at ports: 3 T (ft)

Distance A (ft) /I, (duct diameters) 2/I

Recommended number of traverse points as determined by

distance A: _ _ . .-.

Distance B (ft) 37,5 -  (duct diameters) _,_______

Recommended number of traverse points as determined by

distance B: _ _

1*.. Number of traverse points used: _ _ _

o o.5%

N

4 *. d e?



% p

STACK DIAM. (IN.) = 66 ....
STACK RADIUS (IN.) = 33,-,-.STACK DIAM. (FT.) = 5.5-

STACK AREA (SQ.FT) = 23.75828
POINT # DISTANCE IN PO

1 2.875261"

29.665478
3 19.52781

4 46.4722
5 56.33452
6 63.12474 5828

THE ABOVE DISTANCES PROCEED FROM THE TEST PORT ACROSS THE

TRAVERSE TO THE OPPOSITE WALL OF THE STACK. _
THESE DISTANCES SHOULD BE ROUNDED OFF TO THE NEAREST 1/4 INCH.
THAT'S ABOUT AS ACCURATE AS YOU CAN GET WITH AN EPA METHOD 5;-PROE. 5

STANDARD CONDITIONS (TEMP. AND PRESSURE) "

2 9.6547

STD.TEMP (F) = 68
STD.TEMP (R) =  528 1
STD. PRESSURE (IN.HG) 29.92 ,-''

105
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***R U N 1***

HUMIDITY DATA

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K.
AMBIENT DRY BULB (K) = 269.2611
AMBIENT WET BULB (K) = 268.15
SOURCE ALTITUDE (AMSL) (FT) = 870

DEW POINT = 18.65837 DEG. F.
VAPOR PRESSURE (IN.HG) = .1044835
SATURATION VAPOR PRESS. (IN.HG) = .1359793
RELATIVE HUMIDITY (%) = 76.83784
SPECIFIC HUMIDITY (pplOO) = 2.24131

METER DATA PROGRAM

# OF TEST POINTS = 12
AMBIENT PRESS. (IN.HG) = 30.33

POINT TEMP IN TEMP OUT AVG TEMP Delta H
# F F F IN.H20

1 44 42 43 .79
2 48 43 45.5 1.58
3 52 45 48.5 1.59
4 55 46 50.5 1.59
5 57 47 52 1.195
6 57 49 53 1.4
7 50 48 49 .79
8 51 49 50 1.59
9 53 49 51 1.99
10 54 50 52 1.79
11 53 49 51 1.59
12 53 49 51 1.6

FINAL AVG. METER TEMP (R) = 509.7084 0
DELTA H@ VALUE = 2.11
FINAL AVG. METER PRESS. (IN.HG) = 30.4372

106 1
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H 20 T E ST D A TA "ir

I START METER READING = 147.777

END METER READING = 180.796
TOTAL CONDENSATE VOL (ML) =58.42
H20 VAPOR GAS VOLUME @ STP =2.769108

TOTAL METER GAS VOL (uncorrected CF) = 33.01901 K
AVG. METER TEMP (R) = 509.7084
TOTAL DRY SAMPLE VOL (CF @ STP) = 34.79521
MOLE FRACTION DRY AIR =  .9262836L.'
% H20 BY VOL = 7.371646 ,'

G AS DE NS I T Y

% C02 = 9.13
% 02 = 9.2 .
% CO = 0
% N2 = 78

0

GAS DENSITY =  .9673566 -

DRY MOL. WT. =28.8012

N.N
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S 0 U R C E T E S T D A T A

V.A

NOZZLE DIAM (IN.) = 498 m,

NOZZLE AREA (FT2) = 1.352651E-03
PITOT FACTOR = .84 ,T,.

ATMOS. PRESS (IN.HG) = 30.33
STACK PRESS (IN.HG) = 30.3381 ,
TEST START TIME = 924Z

PT/DELTA P TS/TM VELOCITY DELTA H TIME
#/IN.H20 R FT/SEC IN.H20 MINS to

1 /.02 880 /503 10.31874 .79 5 a~,l

2 /.04 880 /505.5 14.59291 1.58 5
3 /.04 881 /508.5 14.6012 1.59 5
4 /.04 883 /510.5 14.61776 1.59 5
5 /.03 871 /512 12.57304 1.195 5
6 /.035 875 /513 1361158 1.4 5•
7 /.02 880 /509 10.31874 .79 5
8 /.04 880 /510 14.59291 1.59 5
9 /.05 882 /511 16.3339 1.99 5
10 /.045 884/ 512 15.51326 1.79 5
11 /.04 881 /511 14.6012 1.59 5

12 /.04 875 /511 1455139 1.6 5

TOTAL METER VOLUME = 33.01901
AVG. STACK TEMP (R) = 879.3333
AVG. STACK VEL (FT/SEC) =  13.85222 .

AVG. STACK VEL (FT/MIN) = 831.1331 -

AVG. METER TEMP (R) =  5097084
AVG. METER DELTA H (IN.H20) =  1.457917 -'

AVG. METER PRESSURE (IN.HG) =  30.4372 "
TOTAL MINS OF TEST =  60 "'

STACK ACFM =19746.29""
STACK DSCFM =11133.22 -

O%
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.1

I SOK I NET IC ANALYSIS 

TOTAL CONDENSATE VOLUME (ML) 58.42
AVERAGE STACK TEMPERATURE (R) = 879.3333
TOTAL METER GAS VOL (uncorrected CF) = 33.01901
AVG METER TEMP (R) = 509.7084'
BAROMETRIC PRESSURE (IN.HG) = 30.33
AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) = 1.457917
AVG. STACK VEL (FT/MIN) = 13.85222
STACK PRESSURE (IN.HG) = 30.3381
TOTAL MINUTES OF TEST 60
NOZZLE AREA (FT2) = 1.352651E-03
DRY GAS METER CALIBRATION FACTOR = 1.082

ISOKINETIC RATE FOR THIS RUN = 98.39307 %

P A R T I C U L A T E E M I S S 1 0 N R A T E S:

INITIAL FILTER WT. (GMS) = 0 -'
FINAL FILTER WT. (GMS) =  .4139 -
SAMPLE WT. (GMS) =  .4139 ,

SAMPLE VOL. (DSCFM) =  34.79521
CONCENTRATION (GR/DSCF) =  .1835448 ..

% C02 =  9.13
CONCENTRATIONSTC SF @1 33 212% C02 (GR/DSCF) =  .2412418 i

PM EMISSIONS (stk conds) (LB/HR) = 17.51436
PM EMISSIONS (@ 12% C02) (LB/HR) =  23.01996

****END OF ANALYSIS FOR RUN # I****
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R U N # 2

H U M I D I T Y D A T A

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K.
AMBIENT DRY BULB (K) = 273.7055
AeBIENT WET BULB (K) = 270.9278
SCURCE ALTITUDE (AMSL) (FT) = 870

DEW POINT = 18.03984 DEG. F.
VAPOR PRESSURE (IN.HG) = .1017945
SATURATION VAPOR PRESS. (IN.HG) = .1877665
RELATIVE HUMIDITY (M) = 54.21335
SPECIFIC HUMIDITY (pp1OOO) = 2.18355

METER DATA PROGRAM

# OF TEST POINTS = 12
AMBIENT PRESS. (IN.HG) = 30.33

POINT TEMP IN TEMP OUT AVG TEMP Delta H

# F F F IN.H20

1 51 50 50.5 1.2
2 53 50 51.5 1.6
3 55 50 52.5 2.2
4 57 51 54 2.41
5 59 52 55.5 1.81
6 60 52 56 1.41
7 55 53 54 1.2
8 60 55 57.5 1.62
9 64 57 60.5 1.62
iD 66 58 62 1.63
11 66 59 62.5 1.65
1? 67 60 63.5 1.46

FINAL AVG. METER TEMP (R) = 516.6667
DETA H@ VALUE = 2.11
FIAL AVG. METER PRESS. (IN.HG) = 30.45138

110
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H20 TEST DATA 

START METER READING = 181.07
END METER READING = 216.608
TOTAL CONDENSATE VOL (ML) = 65.54
H20 VAPOR GAS VOLUME @ STP = 3.106596
TOTAL METER GAS VOL (uncorrected CF) = 35.538
AVG. METER TEMP (R) = 516.6667
TOTAL DRY SAMPLE VOL (CF @ STP) = 36.96254
MOLE FRACTION DRY AIR = .9224691
% H20 BY VOL = 7.753089

G A S D E N S I T Y

% C02 = 9.33
% 02 = 10.1
% CO = 0
% N2 = 78

GAS DENSITY = .9779143

DRY MOL. WT. = 29.1772

SX:
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S

SOURCE TEST DATA 

NOZZLE DIAM (IN.) = .498
NOZZLE AREA (FT2) = 1.352651E-03
PITOT FACTOR - .84
ATMOS. PRESS (IN.HG) = 30.33
STACK PRESS (IN.HG) = 30.3381
TEST START TIME = 1201

PT/DELTA P TS/TM VELOCITY DELTA H TIME S
/ IN.H20 R FT/SEC IN.H20 MINS

1 / .03 880 / 510.5 12.56943 1.2 5
2 / .04 880 / 511.5 14.51392 1.6 5
3 / .055 868 / 512.5 16.90264 2.2 5
4 / .06 865 / 514 17.6237 2.41 5 S
5 / .045 879 / 515.5 15.38559 1.81 5
6 / .035 881 / 516 13.58424 1.41 5
7 / .03 880 / 514 12.56943 1.2 5
8 /.04 880 /517.5 14.51392 1.62 5
9 / .04 862 / 520.5 14.36472 1.62 5
10 / .04 870 / 522 14.43122 1.63 5
11 / .04 868 / 522.5 14.41462 1.65 5
12 / .035 863 / 523.5 13.44476 1.46 5

TOTAL METER VOLUME = 35.538
AVG. STACK TEMP (R) = 873
AVG. STACK VEL (FT/SEC) = 14.52652 0
AVG. STACK VEL (FT/MIN) = 871.5909
AVG. METER TEMP (R) = 516.6667
AVG. METER DELTA H (IN.H20) = 1.650833
AVG. METER PRESSURE (IN.HG) = 30.45138
TOTAL MINS OF TEST = 60
STACK ACFM = 20707.5 -

STACK DSCFM = 11711.43
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I SOK I NET IC ANALYSIS 

TOTAL CONDENSATE VOLUME (ML) = 65.54
AVERAGE STACK TEMPERATURE (R) = 873 p
TOTAL METER GAS VOL (uncorrected CF) = 35.538 L

AVG METER TEMP (R) = 516.6667
BAROMETRIC PRESSURE (IN.HG) = 30.33
AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) = 1.650833
AVG. STACK VEL (FT/MIN) 14.52652
STACK PRESSURE (IN.HG) = 30.3381
TOTAL MINUTES OF TEST = 60
NOZZLE AREA (FT2) = 1.352651E-03
DRY GAS METER CALIBRATION FACTOR = 1.082 PI

ISOKINETIC RATE FOR THIS RUN 99.33039 %

P A R T I C U L A T E E M I S S IO N R A T E
INITIAL FILTER WT. (GMS) 0
FINAL FILTER WT. (GMS) = .5538

SAMPLE WT. (GMS) =  .5538
SAMPLE VOL. (DSCFM) = 36.96254
CONCENTRATION (GR/DSCF) = .2311836
' C02 = 9.33
CONCENTRATION @ 12% C02 (GR/DSCF) = .2973423
STACK DSCFM 11711.43
PM EMISSIONS (stk conds) (LB/HR) 23.2059
PM EMISSIONS (@ 12% C02) (LB/HR) = 29.84682

****** END OF ANALYSIS FOR RUN # 2 *******
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R U N # 3 *

HUMIDITY DATA

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K.
AMBIENT DRY BULB (K) = 274.2611
AMBIENT WET BULB (K) = 271.4833
SOURCE ALTITUDE (AMSL) (FT) 870

DEW POINT = 19.4752 DEG. F.
VAPOR PRESSURE (IN.HG) = .1081325
SATURATION VAPOR PRESS. (IN.HG) = .1953517
RELATIVE HUMIDITY (M) = 55.35275 0

SPECIFIC HUMIDITY (pplOOO) = 2.319696

METER DATA PROGRAM

# OF TEST POINTS = 12
AMBIENT PRESS. (IN.HG) = 30.33 .J..,,.

POINT TEMP IN TEMP OUT AVG TEMP Delta H
# F F F IN.H20 j,

1 62 62 62 1.02
2 63 62 62.5 1.63
3 67 63 65 1.84
4 69 64 66.5 1.64
5 70 64 67 1.64
6 71 65 68 1.44 0

7 68 66 67 .82 .

8 68 66 67 1.44
9 67 66 66.5 2.05
10 68 66 67 1.85
11 68 65 66.5 1.64
12 68 65 66.5 1.23 0

FINAL AVG. METER TEMP (R) = 525.9583
DELTA HO VALUE = 2.11 v :
FINAL AVG. METER PRESS. (IN.HG) = 30.44177

114 0
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H 20 T E ST D A T A

START METER READING = 216.808
END METER READING = 251.399

TOTAL CONDENSATE VOL (ML) = 60.36
H20 VAPOR GAS VOLUME @ STP 

= 2.861064
TOTAL METER GAS VOL (uncorrected CF) =  34.591
AVG. METER TEMP (R) =  525.9583 

"-,

TOTAL DRY SAMPLE VOL (CF @ STP) = 35.33084 L;

MOLE FRACTION DRY AIR =  .9250871 .-

% H20 BY VOL =7.491285 
"

G A S D E N S I T Y 
"l'

% C02 = 9.53__'Kl%02 = 9.43

% CO 0

'

% N2 = 78 R D G 2 .

GAS DENSITY 
T.9748861 T-28 6

DRY MOL. WT. 29.0508 @ T.330

ME AI D Ap90
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S 0 U R C E T E S T D A T A

NOZZLE DIAM (IN.) = .498
NOZZLE AREA (FT2) = 1.352651E-03 S
PITOT FACTOR = .84
ATMOS. PRESS (IN.HG) = 30.33
STACK PRESS (IN.HG) = 30.3381
TEST START TIME = 1415

PT/DELTA P TS/TM VELOCITY DELTA H TIME 0
/ IN.H20 R FT/SEC IN.H20 MINS

1 / .025 880 / 522 11.49207 1.02 5
2 / .04 880 / 522.5 14.53645 1.63 5
3 / .045 887 / 525 15.47943 1.84 5
4 / .04 887 / 526.5 14.59415 1.64 5 .

5 / .04 886 / 527 14.58592 1.64 5
6 / .035 877 / 528 13.5744 1.44 5
7/ .02 880 / 527 10.27882 .82 5
8 / .035 880 / 527 13.5976 1.44 5
9 / .05 882 / 526.5 16.2707 2.05 5
10 / .045 888 / 527 15.48816 1.85 5 ,
11 /.04 878 / 526.5 14.51992 1.64 5".
12 / .03 866 / 526.5 12.48839 1.23 5

TOTAL METER VOLUME= 34.591
AVG. STACK TEMP (R) = 880.9167
AVG. STACK VEL (FT/SEC) = 13.90883
AVG. STACK VEL (FT/MIN) = 834.53
AVG. METER TEMP (R) = 525.9583
AVG. METER DELTA H (IN.H20) = 1.52
AVG. METER PRESSURE (IN.HG) = 30.44177
TOTAL MINS OF TEST = 60
STACK ACFM = 19826.99
STACK DSCFM = 11144.21



I S 0 K I N E T I C A N A L Y S I S

TOTAL CONDENSATE VOLUME (ML) =  60.36"/
AVERAGE STACK TEMPERATURE (R) =  880.9167•
TOTAL METER GAS VOL (uncorrected CF) = 34.591
AVG METER TEMP (R) =  525.9583 .
BAROMETRIC PRESSURE (IN.HG) = 30.33,_.
AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) =1.52 _.
AVG. STACK VEL (FT/MIN) =13.90883.--
STACK PRESSURE (IN.HG) 30.3381

TOTAL MINUTES OF TEST =60 -,.
NOZZLE AREA (FT2) = 1.352651E-03 ',
DRY GAS METER CALIBRATION FACTOR = 1.082

ISOKINETIC RATE FOR THIS RUN =99.7994 % -.

P A RT I C U L A T E E M I S S 1 0ON R A T E

INITIAL FILTER WT. (GMS) = 0 ,.F
FINAL FILTER WT. (GMS) = .3345 ,-
SAMPLE WT. (GMS) = .3345"
SAMPLE VOL. (DSCFM) = 35.33084 .36
VCONCENTRATION (GR/DSCF) = .1460859 16
OA% C02 G 9.53 V ( r e '4

CONCENTRATION @ 12% C02 (GR/DSCF) =  .1839486
STACK DSCFM M11144.21 =.39,8

PM EMISSIONS (stk conds) (LB/HR) =  13.95369
PM EMISSIONS (@ 12% C02) (LB/HR) = 17.57023

END OF ANALYSIS FOR RUN # 37994_
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AIR POLLUTION PARTICULATE ANALYTICAL DATA

BASE -DATE RON NUMiER

BU)ILD CG NUMBER SOURCE NUMBEr

PARTICULATES

ITEM FINAL WEIGHT INITIAL WEIHT WEIGHT PARTICLES

FILTER NUMBER

ACETONE WASHINGS (Probe, Front
Hall Filter) pf,5eC _______ q____1___)

BACK HALF (it needed) 0

Total Weight of Particulates Collec ted

11. WATER

ITEM FINAL WEIGHT INiTIAL WEIGHT WEIGHT WATER

(a'T')E (I (H20)

IMPINGER 2 (H120)

YIt

IMPINGER 3 (Dry) 1v.

IMPINGER 4(Slica Get)

41 Total Weight of Water Collected

~Ill. __________GASES (Dry) _________

ITEM ANALYSIS ANALYSIS ANALt SIS I ANALYSIS AVERAGE
I2 3 4

VOL % CO 2  40 ' I

VOL t02

VOL' CO

2 0

Vol I! N2 =(1005' - % CO2 . 02~. CO)

OEHL FORM 20
MA Y 78 121

- ,~ * * .~**-. *,**. . - ~ ~ .r~ % s~~*%



AIR POLLUTION PARTICULATE ANALYTICAL DATA 0

SLD0 N N U MBER OUPCE NUMBE R OP

1.PARTICULATIES ,m

- FINAL 'EIGH'T IN!7AL WFIGHT WEIGHT PART ICLES

FILTER NUMBER.('/ -" K/-/( _-7 1-__

ACETONE WASHINGS (Probe, Front
Half Filter)___y // L O /
PACK HALF (if needed) S

Total Weight of Porticulates Collected2 r

WATER *

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT WATER "
(07) ('k. (Un)

IMPINGER I (H120) 1---.

IMPINGER 2(N20) 

S0

IMPINGER 3 (Dry)

IMPINGER 4 (Silicae) ~ ~ 1.il

'Iiiiiii iiiiJ

Total Weight of Water Collected(5If

IH. GASES (D/r)

ANALYSIS ANALYSIS AALYSIS ANALYSIS AVERAGEITEM 1 2 3 4AV.RAG
3%

VOL 0 02 r4,/3

VOL 't202

VOL' CO

VOL N2

Vol N 2 O(10S -% CO2 . %0 2 . CO)

OEHL Y 20 122
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AIR POLLUTION PARTICULATE ANALYTICAL DATA

C) A ATE RUN NUMJ.rE'

,, rd

VpJIL'T1 NUIJIR SOLURC[ NUME F,

PARTICULATES

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT PARTICLES
I is ) - - (0 ) , (III )

FILTER NUMBER -fI )) ,S

ACETONE WASHINGS (Probe, Front
Half Filter) .* I

'"'"" t,,313t qb, c-73 o  o, 0..137?

BACK HALF (If needed)

Total W.Lght of Portlculotes Collected r 5 ,5
I. WATER

ITEM FINAL WEIGHT INITIAL *EIGHT WEIGHT WATER

(sm.)

IMPINGER 1 (H20) jL%2 -T

IMPINGER 2 (H20) $

;5%?. •IMPINGER 3 (D*y)

IMPINGER 4 (Silica Gel) 2O

Total Weight of Water Collected%0

Ill. GASES (Dr)

ITEM ANALYSIS ANALY'SIS ANALYSIS ANALYSS AVERAGE
I 2 3 4 AVERAGE

4"N#

VOL %C0 2  " 7 ,

VOL % 02 2

VOL CO

VOL N 2

Vol % N2 (100% -% CO2 . % 02. % CO) %

OEHL FRm 20 123MA Y 78
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APPENDIX H

Boiler 4, Scrubber Stack

L %
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SOURCE:

GRISSOM AFB CENTRAL HEATING PLANT

GRISSOM AFB, IN 46971 .

DEVICE TESTED : BOILER #4:SCRUBBER STACK

DATE TESTED : 22 NOV 87

0

SUBMITTING AGENCY:
USAFOEHL/ECQ

BROOKS AFB, TX 78235 t
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DETERMINATION OF MINIMUM NUMBER OF TRAVERSE POINTS

Stack ID: SLt,-J stack diameter at ports: 5-0 (ft)

Distance A (ft) 7. C (duct diameters) /,

Recommended number of traverse points as determined by -

distance A: 2c

Distance B (ft) 2_e (duct diameters) -?6

Recommended number of traverse points as determined by

distance B: _ _

Numbei of traverse points used:

0,0

8 N

gel

I 'J
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1,

TEST TRAVERSE POINT LOCATION 

STACK DIAM. (IN.) = 60
STACK RADIUS (IN.) = 30
STACK DIAM. (FT.) = 5
STACK AREA (SQ.FT) = 19.63494 0

POINT # DISTANCE IN.
1 1.539501
2 4.9002
3 8.786797
4 13.56832 .
5 20.51317
6 39.48683
7 46.43168
8 51.21321
9 55.0998
10 58.4605

THE ABOVE DISTANCES PROCEED FROM THE TEST PORT ACROSS THE
TRAVERSE TO THE OPPOSITE WALL OF THE STACK.
THESE DISTANCES SHOULD BE ROUNDED OFF TO THE NEAREST 1/4 INCH.
THAT'S ABOUT AS ACCURATE AS YOU CAN GET WITH AN EPA METHOD 5
PROBE.

STANDARD CONDITIONS (TEMP. AND PRESSURE)

STD.TE'lP (F) = 68
STD.TEt1D (P) = 5?.
STD. FPESS-JRE (-Hi) = 2,.,.

.......

53,. 3q -...3
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* R U N # 1

HUMIDITY DATA 

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K. • • .. . ,,

AMBIENT DRY BULB (K) = 280.9278
AMBIENT WET BULB (K) = 275.9278 .-

SOURCE ALTITUDE (AMSL) (FT) = 870

DEW POINT = 23.2294 DEG. F.
VAPOR PRESSURE (IN.HG) =.1264235
SATURATION VAPOR PRESS. (IN.HG) = .3103822 .'jq
RELATIVE HUMIDITY (%) = 40.73154
SPECIFIC HUMIDITY (pplOOO) = 2.712726

METER DATA PROGRAM

# OF TEST POINTS = 20
AMBIENT PRESS. (IN.HG) = 30.13 -

POINT TEMP IN TEMP OUT AVG TEMP Delta H
# F F F IN.H20

1 55 55 55 1.69
2 59 55 57 2.04
3 61 56 58.5 2
4 63 56 59.5 2.22
5 64 57 60.5 2.36
6 66 58 62 2.49
7 68 59 63.5 2.49
8 69 60 64.5 2.52
9 70 60 65 2.53
10 71 62 66.5 1.94 %.6

11 69 62 65.5 1.37 %,.1
12 69 63 66 1.82 %

13 69 63 66 2.16
14 70 63 66.5 2.25
15 70 63 66.5 2.66
16 70 63 66.5 2.57
17 70 63 66.5 2.57
18 70 63 66.5 2.59
19 69 63 66 2.8
20 69 63 66 2.2 ' _

eN .P

FINAL AVG. METER TEMP (R) =523.7 0

DELTA H@ VALUE = 2.11.N,,
FINAL AVG. METER PRESS. (IN.HG) = 30.29643
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H 2 0 T E S T D A T A

START METER READING = 251.672 v
END METER READING = 293.905 *.

TOTAL CONDENSATE VOL (ML) = 75.13
H20 VAPOR GAS VOLUME @ STP = 3.561162
TOTAL METER GAS VOL (uncorrected CF) = 42.233
AVG. METER TEMP (R) =  523.7 0
TOTAL DRY SAMPLE VOL (CF @ STP) = 43.11548 4'

MOLE FRACTION DRY AIR = .9237057
% H20 BY VOL = 7.629431

GAS DENS ITY

% C02 = 4.43
% 02 = 15.1
% CO = 0
% N2 = 78 0

GAS DENSITY = .9606515

DRY MOL. WT. : 28.6212 %Q

131
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SOURCE TEST DATA

N. 
"~. h-. ,

NOZZLE DIAM (IN.) = .313 '

NOZZLE AREA (FT2) 
=  5.343376F-04

PITOT FACTOR = .84

ATMOS. PRESS (IN.HG) =  30.13

STACK PRESS (IN.HG) = 30.1418

TEST START TIME = 1115

PT/DELTA P TS/TM VELOCITY DELTA H TIME

/ IN.H20 R FT/SEC IN.H20 MINS

, i / .17 566 / 515 24.28976 1.69 3

2 / .205 575 / 517 26.88447 2.04 3

3 .205 580 / 518.5 27.0011 2 3

4 / .225 575 / 519.5 28.16539 2.22 3

5 / .24 576 / 520.5 29.11437 2.36 3

6 / .255 582 / 522 30.16631 2.49 3 C.-

: / .255 585 / 523.5 30.24395 2.49 3

8 / .255 579 / 524.5 30.08846 2.52 3

9 / .255 577 / 525 30.03644 2.53 3

10 / .195 577 / 526.5 26.26611 1.94 3

11 / .135 566 / 525.5 21.6454 1.37 3

.12 / .18 566 / 526 24.99396 1.82 3

13 / .22 583 / 526 28.04376 2.16 3

,14 / .23 587 / 526.5 28.77223 2.25 3 %

15 .27 583 / 526.5 31.06753 2.66 3
16 .26 581 / 526.5 30.43444 2.57 3

17 / .26 586 / 526.5 30.56511 2.57 3

18 / .267 592 / 526.5 31.132 2.59 3
.19 / .2 594 / 526 32.49996 2.8 3

* 20 / .23 600 / 526 29.08909 2.2 3

-"TAL METER VOLUME = 42.233

AVG. STACK TEMP (R) = 580.5 -
S IG. STACK VEL (FT/SEC) 28.52499

AVG. STACK VEL (FT/MIN) 1711.499

U AVG. METER TEMP (R) = 523.7 ...-

AVG. METER DELTA H (IN.H20) = 2.2635

VG. METER PRESSURE (IN.HG) =  30.29643

TOTAL MINS OF TEST = 60

STACK ACFM = 33605.19

S-ACK DSCFM 28432.12

32% %



A.•ER

I SOK INET IC ANALYSIS ,

VOLUME = 75.1

TOTAL CONDENSATE VOUE(ML) : 75.1
AVERAGE STACK TMEAUE(R) 58. =

5~

TOTAL METER GAS VOL (uncorrected CF) = 42.233
AVG METER TEMP (R) = 523.7
BAROMETRIC PRESSURE (IN.HG) = 30.13
AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) = 2.2635
AVG. STACK VEL (FT/MIN) 28.52499
STACK PRESSURE (IN.HG) = 30.1418
TOTAL MINUTES OF TEST = 60
NOZZLE AREA (FT2) = 5.343376E-04
DRY GAS METER CALIBRATION FACTOR = 1.082

1SOKINETIC RATE FOR THIS RUN = 99.84558 % 0

P A R T I C U L A T E E M I S S 1 0 N R A T E -

INITIAL FILTER WT. (GMS) 0
FINAL FILTER WT. (GMS) =  .1763 :

SAMPLE WT. (GMS) = .1763
SAMPLE VOL. (DSCFM) = 43.11548 .
CONCENTRATION (GR/DSCF) = 6.309356E-02 , w

SC02 = 4.43
CONENTATIN @12% C02 (GR/DSCF) =  .1709081

PANERTIO CU AE@M S ON R T

STACK DSCFM D428432.12 1548

PM EMISSIONS (stk conds) (LB/HR) = 15.37537
PM EMISSIONS (@ 12% C02) (LB/HR) = 41.64887

*** END OF ANALYSIS FOR RUN # I *
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R U N #2 ***** 

H UM I D I TY DATA 

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K.
AMBIENT DRY BULB (K) = 283.7055
AMBIENT WET BULB (K) = 277.5945
SOURCE ALTITUDE (AMSL) (FT) = 870

DEW POINT = 24.42685 DEG. F. V.
VAPOR PRESSURE (IN.HG) = .1328173
SATURATION VAPOR PRESS. (IN.HG) = .374017
RELATIVE HUMIDITY (M) = 35.51102
SPECIFIC HUMIDITY (pplOOO) = 2.850159

METER DATA PROGRAM

# OF TEST POINTS = 20
AMBIENT PRESS. (IN.HG) = 30.13

POINT TEMP IN TEMP OUT AVG TEMP Delta H .4
# F F F IN.H20

1 61 60 60.5 1.47
2 62 60 61 1.67
3 62 61 61.5 2.16
4 66 61 63.5 2.39
5 67 62 64.5 2.58 5
6 69 63 66 2.58
7 71 64 67.5 2.58
8 72 65 68.5 2.47
9 72 65 68.5 2.58
10 72 65 68.5 2.3
11 71 66 68.5 1.5 0
12 71 66 68.5 1.9
13 72 67 69.5 1.9
14 72 67 69.5 2.18
15 72 67 69.5 2.38
16 73 67 70 2.57
17 74 68 71 2.68
18 74 68 71 2.7
19 75 68 71.5 2.69
20 75 69 72 2.71

FINAL AVG. METER TEMP (R) = 527.55
DELTA H@ VALUE = 2.11 •
FINAL AVG. METER PRESS. (IN.HG) = 30.29908

134
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H 2 0 T S T D A T A

'. 5

START METER READING = 294.253
END METER READING = 336.725
TOTAL CONDENSATE VOL (ML) =82.74
H20 VAPOR GAS VOLUME @ STP = 3.921876
TOTAL METER GAS VOL (uncorrected CF) =  42.47202..

• *.p .- '
AVG.~~~~- MEE EM R =575

TOTAL DRY SAMPLE VOL (CF @ STP) = 43.04682 {
MOLE FRACTION DRY AIR = .9165002 :

H20 BY VOL = 8.34998

~~G A S D E N S I T Y
%C02= 4.574

% 02 =  15.63 "'
%CO = o
% N2 =  78, 't,

GAS DENSITY .9653274 .

DRY MOL. WT. =28.8524
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NNOZZLELS UC***************************************AREA (FT2S) == 5.343376E-04 

PITOT FACTOR = .84 i
ATMOS. PRESS (IN.HG) - 30.13

STACK PRESS (IN.HG) = 30.1418
TEST START TIME =  1313 fe

PT/DELTA P TS/TM VELOCITY DELTA H TIME
# / IN.H20 R FT/SEC IN.H20 MINS -'

,,,'**,

1 /.15 580 /520.5 23.04071 1.47 3.
2 /.17 580 /521 24.5287 1.67 3
3 /.22 580 /521.5 27.90368 2.16 3
4 /.24 574 /523.5 28.9933 2.39 3
5 /.26 576 /524.5 30.22971 2.58 3 "' -'

6 /.26 579 /526 30.30834 2.58 3 ,.,
7 /.26 581 /527.5 30.36064 2.58 3 -:
8 /.25 583 /528.5 29.82225 2.47 3-.-
9 /.26 583 /528.5 30.41285 2.58 3;-w

10 /.23 576 /528.5 28.43226 2.3 3 .
11 /.15 576 /528.5 22.96112 1.5 3
1 2 / .1 9 5 7 6 / 5 2 8 .5 2 5 .8 4 1 8 9 1 .9 3-,,.,m,. .. ._
13 /.19 582 /529.5 25.97613 1.9 3 .'Q"4 ,

14 /.22 582 /529.5 27.95175 2.18 3 ,
15 /.24 581 /529.5 29.16956 2.38 3 -
16 /.26 584 /530 30.43892 2.57 3
17 /.27 584 /531 31.01876 2.68 3 IQ
18 /.27 579 /531 30.88569 2.7 3. .w"'

19 / .27 582 / 531.5 30.9656 2.69 3 - .."
20 /.27 579 /532 30.88569 2.71 3 .N-o-

TOTAL METER VOLUME = 42.47202
AVG. STACK TEMP (R) =579.85 '
AVG. STACK VEL (FT/SEC) =  28.50638 ,
AVG. STACK VEL (FT/MIN) =  1710.383 W,
AVG. METER TEMP (R) =  527.55 %,

AVG. METER DELTA H (IN.H20) =2.2995 w'"w
AVG. METER PRESSURE (IN.HG) =30.29908TOTAL MINS OF TEST =60-'

.,. 4

STACK ACFM =33583.26",,,,.,
STACK DSCFM = 28223.52'i.,

H6~'%



I SOK I NET IC ANALYSIS

I ). X

TOTAL CONDENSATE VOLUME (ML) = 82.74
AVERAGE STACK TEMPERATURE (R) = 579.85
TOTAL METER GAS VOL (uncorrected CF) = 42.47202
AVG METER TEMP (R) = 527.55
BAROMETRIC PRESSURE (IN.HG) = 30.13
AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) 2.2995
AVG. STACK VEL (FT/MIN) = 28.50638
STACK PRESSURE (IN.HG) 30.1418
TOTAL MINUTES OF TEST = 60
NOZZLE AREA (FT2) = 5.343376E-04
DRY GAS METER CALIBRATION FACTOR =  1.082

ISOKINETIC RATE FOR THIS RUN = 100.3641 %

2S

PART I CULATE EMI SSI ON RATE

INITIAL FILTER WT. (GMS) = 0
FINAL FILTER WT. (GMS) = .2177
SAMPLE WT. (GMS) = .2177
SAMPLE VOL. (DSCFM) = 43.04682
CONCENTRATION (GR/DSCF) = .0780339 0
% C02 = 4.57
CONCENTRATION @ 12% C02 (GR/DSCF) : .204903
STACK DSCFM = 28223.52
PM EMISSIONS (stk conds) (LB/HR) 18.8767
PM EMISSIONS (@ 12% C02) (LB/HR) = 49.56682

******* END OF ANALYSIS FOR RUN # 2 *******

137 -
-1-*



•**** R U N #3 

HUMIDITY DATA

ALL TEMPS INPUT IN DEGREES FARENHEIT AND CONVERTED TO DEG. K.
AMBIENT DRY BULB (K) = 284.2611
AMBIENT WET BULB (K) = 278.15 0
SOURCE ALTITUDE (AMSL) (FT) = 870

DEW POINT = 26.14654 DEG. F.
VAPOR PRESSURE (IN.HG) = .1425087
SATURATION VAPOR PRESS. (IN.HG) = .3880618
RELATIVE HUMIDITY (%) = 36.72319 S
SPECIFIC HUMIDITY (pplOOO) = 3.058516

METER DATA PROGRAM

# OF TEST POINTS = 20
AMBIENT PRESS. (IN.HG) = 30.13

POINT TEMP IN TEMP OUT AVG TEMP Delta H
# F F F IN.H20

1 68 68 68 1.31

2 68 68 68 1.81
3 69 68 68.5 2.09
4 70 68 69 2.36
5 71 68 69.5 2.79
6 72 68 70 2.67
7 74 68 71 2.57
8 74 68 71 2.77
9 74 68 71 2.65
10 75 68 71.5 2.33
11 73 68 70.5 1.81
12 73 68 70.5 2.07
13 73 68 70.5 2.18
14 73 68 70.5 2.37
15 74 69 71.5 2.58
16 75 69 72 2.78
17 75 69 72 2.88 .

18 75 69 72 2.87
19 75 69 72 2.86
20 75 69 72 2.65

FINAL AVG. METER TEMP (R) = 530.55
DELTA H@ VALUE = 2.11
FINAL AVG. METER PRESS. (IN.HG) = 30.30794

138



H 20 T E ST D A T A

START METER READING = 336.853
END METER READING = 380.615

TOTAL CONDENSATE VOL KM) =93.58999
H20 VAPOR GAS VOLUME @ STP =4.436166
TOTAL METER GAS VOL (uncorrected CF) =  43.762
AVG. METER TEMP (R) =  530.55 ..
TOTAL DRY SAMPLE VOL (CF @ STP) = 44.11634 .
MOLE FRACTION DRY AIR = .9086316 -% H20 BY VOL = 9.136842.

G A S D E N S I T Y-

% C02 = 4.53 .3685
% 02 =  15.5 .8061
% CO = 0) 3
%N2 = 78 LT

AVG. MTER TEP (R) 530.5

GAS DENSITY 9605196

DRY MOL. WT. = 28.7932

... . .
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S 0 U R C E T E S T D A T A

NOZZLE DIAM (IN.) =  .313
NOZZLE AREA (FT2) = 5.343376E-04
PITOT FACTOR = .84
ATMOS. PRESS (IN.HG) = 30.13
STACK PRESS (IN.HG) = 30.1418
TEST START TIME = 1500

PT/DELTA P TS/TM VELOCITY DELTA H TIME
# / IN.H20 R FT/SEC IN.H20 MINS

1 /.13 572 / 528 21.35453 1.31 3
2 / .18 572 / 528 25.12781 1.81 3
3 / .21 579 / 528.5 27.3067 2.09 3
4 / .24 586 / 529 29.36803 2.36 3
5 / .28 580 / 529.5 31.55828 2.79 3
6 .27 585 / 530 31.12291 2.67 3
7 / .26 586 / 531 30.56721 2.57 3 '. &*..

8 .28 586 / 531 31.7211 2.77 3
9 / .27 590 / 531 31.25563 2.65 3
10 / .24 594 / 531.5 29.56781 2.33 3
11 / .18 574 / 530.5 25.1717 1.81 3
12 / .2 586 / 530.5 26.80922 2.07 3
13 / .22 585 / 530.5 28.09374 2.18 3
14 / .24 586 / 530.5 29.36803 2.37 3
15 / .26 585 / 531.5 30.54112 2.58 3
16 / .28 585 / 532 31.69402 2.78 3 •
17 / .29 585 / 532 32.25501 2.88 3
18 / .29 586 / 532 32.28257 2.87 3
19 / .29 588 / 532 32.33762 2.86 3
20 / .27 591 / 532 31.2821 2.65 3

TOTAL METER VOLUME = 43.762 0
AVG. STACK TEMP (R) 584.05
AVG. STACK VEL (FT/SEC) = 29.43925
AVG. STACK VEL (FT/MIN) 1766.355
AVG. METER TEMP (R) = 530.55
AVG. METER DELTA H (IN.H20) = 2.42
AVG. METER PRESSURE (IN.HG) = 30.30794
TOTAL MINS OF TEST = 60
STACK ACFM = 34682.27
STACK DSCFM = 28689.09 ,.,-

140 0
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I SOK INETIC ANALYSIS

TOTAL CONDENSATE VOLUME (ML) = 93.58999
AVERAGE STACK TEMPERATURE (R) = 584.05
TOTAL METER GAS VOL (uncorrected CF) = 43.762 •
AVG METER TEMP (R) = 530.55
BAROMETRIC PRESSURE (IN.HG) = 30.13
AVG PRESSURE DROP ACROSS ORIFICE METER (IN.H20) 2.42
AVG. STACK VEL (FT/MIN)= 29.43925
STACK PRESSURE (IN.HG) = 30.1418
TOTAL MINUTES OF TEST = 60 0
NOZZLE AREA (FT2) = 5.343376E-04
DRY GAS METER CALIBRATION FACTOR = 1.082

ISOKINETIC RATE FOR THIS RUN = 101.1234 % S

P A R T I C U L A T E E M I SSI O N R A T E
IT FT W,=

INITIAL FILTER WT. (GMS) = 016FINAL FILTER WT. (GMS) = .0416 *.,'1

SAMPLE WT. (GMS) = .0416
SAMPLE VOL. (DSCFM) = 44.11634 p.

CONCENTRATION (GR/DSCF) = 1.454989E-02
% C02 = 4.53
CONCENTRATION @ 12% C02 (GR/DSCF) = 3.854276E-02
STACK DSCFM = 28689.09
PM EMISSIONS (stk conds) (LB/HR) = 3.577735
PM EMISSIONS (@ 12% C02) (LB/HR) = 9.477442

•****** END OF ANALYSIS FOR RUN # 3 *
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AIR POLLUTION PARTICULATE ANALYTICAL DATA

BASE DATE RUN. NLJMILF %*~a*

WXI7
BUILDING NUMBER SOURCE NUMBER , p

PARTICULATES

ITEM FINAL WEIGHT INITIAL WEIGjHT WEIGHT PARTICLES

FILTER NUMBER(2 {6

ACETONE WASHINGS (Probe, Front I.w

)List Pilfer) J. 1w. ,/__ .,, ___,,,.___ _/__o .___ _____/___/___,_ _/__ _________. / ____- -. ".. :.

BACK HALF (If needed) S

j T01 0l Weight of Particulate$ Collected / '( a

II. WATER 1

ITEM FINAL WEIGHT INITIAL WEIGT WEIGHT WATER

IMPINGER I. .1.-'/ /7

IMPINGER 2 (N20)

IMPINGER 3 (D~ry) ,~),,L-

IMPINGER 4 (SilicRa Gel) ' 7 // /3

Total Weight of Water Collected /ZL7 %-
/ .'.... %

I II. GASES (D,)

ITEM ANALYSIS I ANALYSIS ! ANAL-Z'S A N A L YS'S AVERAGE

VOL 
%CO

or ~ ' CA 02

VOL" 0 2  ".

VOL *7CO

* ~VOL N 2  -______ _LI

Vol N2 (10"*' % CO 2. 02 M % O

OEHLMAFORM 20 145

49 %.,e

", e: -.. - . . . . ' '. ;.''t'3"",Zw,.,. ,...,,w,,,,l Z,,a, . tl"", "", . .- ". "" ," ,"- """. ," . - / . .- . e .. - - ". .. . .. .. ... . , ' ".".". ".. . ;



AIR POLLUTION PARTICULATE ANALYTICAL DATA 0

PASY DATE RUN NIM[ER

F N'YM1 - SC.RCE NUMER

PARTICULATES

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT PARTICLES

(an') Sn') (an)

ACETONE WASHINGS (Probe, Fmrn

H'-lf Filrer, YO/Kc

PACK. HALF (If needed)

Total Weight of Porticulates Collected

II. WATER

ITEM FINAL- WEIGHT INITIAL WEIGHT WEIGHT WATER

, ooIMPINGER I (H20)

* ~~IMPINGER 2 (H20)/3/<

1 13IMPINGER 3 (DrDr)

IAPINGE 4 (SilcA Gel)EA

20 416 41 ,-3-Toal Weigi of Wat, Collected 17

l~~7 em '°'

GASES (Dry) _ _ _ _ _ _ _

AAslANLSSANALYSIS ANALYSISAVAG

-,-

VOL CC,2

~Vol N 2  = (10 "c % C 
2 
. 0 2  .% CO) ',

• OEHL F OR" 20
MA Y 76 14'% 1 /__

____ ___ __ _ ___ ____ ___ ____ _ _ ____ ___/5a 3 -



AIR POLLUTION PARTICULATE ANALYTICAL DATA

B ASE DATE RUN NUMBE R

BUILDING NUMOER SOURCE NUMBEF

I. PARTICULATES

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT PARTICLES
(arn) (01") (a-')vw

FILTER NUMBER '

*77. ,,.r

ACETONE WASHINGS (Probe, Front
Hall Filter) ', '71,,,7, 56
BACK HALF (it needed)

Total Weight of Particulates Collected

3,, WATER .

ITEM FINAL WEIGHT INITIAL WEIGHT WEIGHT WATEm
(Urn) (e,. (urn)" 

T

IMPINGER I (H20)

IMPINGER 2 (H7O1 /

IMPINGER 3 (D') ii i
"

IMPINGER 4 (Silica Gel) /3"/ 0

Total Wight of Water Collected 3.

III. GASES (Dry)

ITEMANALYSS ANALYSIS ANALYSIS ANALYSIS AVERAGE
2 3 4

VOL CO %'=

'tI7 .

VOL N2 .

Vol % N 2 (100% C0 2 % 0 2 % CO)

FOR7

OEHL m 20

MAY 8 147
,1 .C..%..02,C
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p
A

RUNN IBE ERON TM-54 RUN WOER ERONij1

RUN' RUN NUSER METER Box r
METER B0x r SKpqie 1.8829 RUN
ELTA ? 1 RU DELTA H?

1.7209 RUN VOL MITR STD ? BAR PRESS 1.399 RU .
BAR PRSS ? 39.478 UN 293 7 U

29.42 RUN STACK DSCFM METER VOL ?METER VOL ? 12,268.90 RUN 35.3419 .RUN35.7936 RUN FRONT 1/2 KC ? MTR TEMP F? 6MIR TEMP F? 271.99 RUN 52.700 RUN
5I.5 I,2M ? STATIC HON IN? 1 AC

STATIC HOH IN ? RUs .STAI RUN

STACK TEMP. STACK TERP.
426.90W RUN F CR/DSCF = 9. t NLI. HATER ?

IL. WATER ? F MG/RM = 243.22 68.3490 RUN59.980 RUM F LB/HR = 11.12

F KC/H - 5.94

IMP. % HOR = 5.6 IMP. %HN=6.8

2 HOH.6 2 HOH4.8

%C02? CO.,?

CO?16.6790 RUlN19.179 RUH XGNZ OXYGEN? .79OXYG RU
9.3799 RUN 8.2 CO RUM

2.C0? O?-

R U N R, -

Mild -38.60 MW .ET=29.2I .IN HET=29.33 I.=2!

SORT PSTS ? SORT PSTS ?
6.2913 RUN TIME I ? 6.854 RUM %

TIME MIN ? %

6 .908@ RUN 69. 9 8 W RUN
.~O~"ZLE DIA ? KR~A6. NOZZLE ?

.498 RUN RUM NUMBER ST DIA INC.
STE DIA INCP HPR

66.809 RUH RUER2 66.9689 RUN ' ,.

,mVOL MT S70 39.47?O TR STD = 38.42
TVO PE S = 29.42 VOL HTR STD ? STK PRES ABS = 29.39 %.wqSTK PRES ABS 29.4? 38.842 RUN VOL HOW GAS = 2.84VOL HON CAS = 2.36 STACK DSCFN ? 2 MOISTURE = 6.81.1'% MOISTUPE = 5.63 11,596.99 RUN RO. DRY GAS = 9.932ROL DRY CA= e.944 FRONT 1/2 MG ? Z NITROGEN = 81.26 02 NITPOCEN = 89.46 300.30 RUN RL NT DRY = 30.3,

ROL NT? DRY =30.99393 @@MC TDY 99NI N WT 3.3BACK 1/2 PC 1 ROL. VT WET =29.2!RO TWT=2.3P1! VELOCITY FPS =14.?!VELOCITY FPS= 15.S A
STACK AREA = 23.76 STACK AREA = 2.76,
STA 0,: ACFP = 21,924 . STACK RCFR = 21,269, , % ,,
STACY 'SCF 12,2P . F CR/DSCF z9.12 * STACK DSCFM 11,5%.. ISGIINETI 94.72 F MH!M5 2?3.e2 X ISOKINETIC 2 98.11 %

F LB/HR lt.t6
F KC/HF 5.3,

EgN F FIELD DqT0 END OF FIELD DATR
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"~.RUN NUMBER W e

sA ~PI!, RUNETER BOX Pu~'PU METER BOX r' ,

1.992A RUN RUN DELTA H?
DELTA H? . 2.R3U RU1.590# RUN YOL MTR STD ? BAR PRESS ?
BAR PRESS ? 38.431 PUR 29.9290 RUN

29.280 RUN STACK DSCFP ? Mm VOL )
PETER VOL ? 11,409.09 PUN 47.3249 IUN

34.199 RUN FRONT 1/2 K ? T TEMP F?
PTR TEMP F? 381.20 RUS 57.B90 M t

38.1399 RUNI BACK 12 KC ? Z OTHER GAS
STATIC HO 1 ? RU R VED BEFO.-

.0708 PUN DRY GAS METER ?
STACK TEIP. I, ,

437.7888 RUN F CR/DSCF 9.15 STATIC NOR IN ?
Li. MATER ? F MC/P'SP 358.28 .1200 RUq

56.758" PtA! F LB'HR = 14.97 STACK TEP.
F KG/HR 6.79 112.98of RJN

L. WATER ?

- 88 .898. RUN ,s.
IMP. 2 noN 6.5 SAT Z 9.7

IM. tHOP 6.1)
2 HOI.5

C02? 0
110.1988 RUN Z C02?

OXYGEN? 3.37 9 RUN
8.5380 RUN t OXYGEN?

SCO ? 16.83 RUN
RIJN % CO ?

RUN
MHd =29.96 OL IIt OTHER?
PIN ET=29.18 RUR

Pd =29.21 -'.--..*
SORT PSTS ? -IN WET=28.44

6.8611 RUN SORT PSTS ?
TIME MIN ? 12.9100 RUN ~'

68.8g@ RUN TIME MIN ?NOZZLE DIA ? RUN NUMBER . 6.9990 RUN
.4988 PUN B3 SC RI NOZZLE DIR ?

STK DIR INCH ? RUN .3139 RIJN
66.8388 RIM STX DIR 1INC1 ? %"N

VOL PTR STI ? 68.0890 RiM
VOL PTP STD = 39.43! 51.085 FUK

STK PRES ABS = 29.21 STACK OSCFP ? * VOL PTR STh = 51.085
VOL HON GAS = 2.67 31,392.89 RU

;  
STK PRES ABS = 29.03

MOISTURE = 6.5@ FRONT 1/2 MG ? VOL HON GAS = 3.8@
ROL DRY GAS = 0.93F,  1,147.88 RUN % MOISTURE = 6.93 0
2 NITROGEN = 81.37 BACK 112 PC, ? MOL DRY GAS = 0.931
POL WT DRY = 29.96 RUS Z NITROGEN = 74.0-
ROL HT WET = 29.18 ROL WT DRY = 29.21 - . .-
VELOCITY FPS = !4.9! POL WT Krt = 28.44
STACK AREA 27.76 F CR/DSCF = 0.35 VELOCITY FPS = 3,9"'
STACK ACFM = 21,254. F MG/M,

= 
792.98 STACK AREP = 19.63

*STACK DSCFM l," F LB/HP z93.23 STACK PCFT'= 3,7,72 1.
. ISOKIHETIC = 9C,.6 F KC/P- z 42.29 e STACK DSCFM 31,312.

Z ISOKIHET[C 99.72

r ,D OF FIELD DATP E) OF FIELD 7T ,

.-. . ,
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RUN NUNBER

RUN xROR '909 p o RUN WUN8ER
PETER BOx r? -B3.S

1.6828 RUN RUN HUMBER RUN
DELTA H? M PETER 8ox Y?2,9875 RUN RUN 1.8828 RUNt
BAR PRESS ? 

DELTA H?

29.82 RUN VOL MTR STD ? 2.9575 RL'I.
METER VOL ? 59.54 RUN BAR PRESS ?

47.5829 RUN STACK ISCFN ? 2.82f RUNNTR TEM F'? 31,682.96 I0Li METE VOL
65. 3 RUN FRONT 1,,2 RNE 48.989 RUN

STATIC HON IN? 402.69 RUM XTR TEMP F?
.1288 RUN BACK 1/2 PC ? 72.5130 vAn

STACK TEMP. RUN STATIC HON IN ?
112. IBM RUN .129 RUN

MtL. ATER ? STACK TERP.
81.63m9 RUN F GR/DSCF = 8.12 12.89 RU

F NCMM 281.31 1L. ATER ?

S F LB/HR 32.67 82.26R9
SPT 2= 9.5 F KC/HR = 14.82

SAT Z = 12.1

IMP. z HON = R1 -
2 HOH-7,! IP. 2HO = 7.g

R NO=7.@

3.838 RUN
SOXYCEN? C02?

17.3 80 RUN 3.189 RUN
CO ? : OXYGEN?

RN17.0*0 RUN2C0? 0
Mw, :29.18 RUN
NM MET=28.39 

RUN

lN =29. 18hN MET:28.39

SORT PSTS ?
12.6409 RUN

TIME HIH ? RUNSORT PSTS ? RUN
60.0@m RON Q-363 RUN

NOZZLE DIP? RUN NUllER TINE MIN ? ,%

L . 69e RUN
STi DIA INCH NOZZLE DIn 9

68.900 RUM RLv V3IPRU

V R TVOL MTR STD ?D N0 O I T 85952.272 RUN 68.8898 RUMNSTX PRES ADS =29.03 STACK ISCFM '*VLHRSD 5.7VOL HON CPS = 3.84 31,619.0a RUN SEK PRES 99 = 51.93 -
% MOISTURE = 7.0? FRONT 1/2 Mi ? SO HNS 3.8?
ROL DRY CAS = 8.929 3AC 1 OL NU MOISTU=E 7.8?% HTTRCEH = ..7BACK 112 ,r

ROL MT DRY = 29.1H MOL DRY CAS = 0.93P
ROL UT ET = 28,39 2 NITROGEN = 79.90 -VELOCITY FPS 31.62 ,OL NT DRY 29.18STACK AREA m 19.63 F CR/ISCF = e.e9 iOL NT NET 2.239
STACK AFH = 37,254. F G/'MNM 2@,.94 VELOC!Ty FPS = 32.73STACK DSCF" 31.OW. F LB/HP 24.74 STACK AEA t 1.63
2 ISOKINETIC 9?.9. F XG'hp 11.22 $ STACK ACp x 3.3,55g.

Z ISOKINETIC 99.3?

END OF FIELD DATA
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XROM -41wa~

RUN RUN
MEER BOX %? RUN METER BOX Y?

1.9 828 RUN B .RI O0 RD L'H
DELTA f? DELTA H?

1.46998 RUN CI .52 U

BAR PRESS ? 
BAR PRESS ?

36.3380 RUN VOL PTR STD ? 39.3399 RUN
METER VOL ? 37.618 RUN METER VOL ? .

2.9928 RUN STACK DSCFM I 3,. " IPUN
PTR TEMP F? 11,024.89 RUN PTR TEMP F?

49.7188 RIJN FRONT 1/2 MG ? 56.67K RUm

STATIC HON I ? 413.90 RUN STATIC HON IN ?
.119 RUN BACK 1'2 Mg ? .1109 RUN

STACK TEMP. RUN STACK TEMP.
419.38M RUN 413.98W RUN - , .

Wt. WATER ? ML. WATER ? ~''-
58.4200 RUN F CR/DSCF - 0.17 65.5499 RUM

F HIMM = 389.55
F LB/HR 16.04
F KC/HR = 7.28

IMP. X HON - 6.8 IMP. Z HOl = 7.2

2 H082.8 80H4=7.2

2 cop? x car .*.

X OXYGEN') 9.1300 RUN 2 OXGW 9.339 RUN

9.2808 RUN 19.16,69 RUN
2 COD ? z cc?

RUN PUN

Mild =29.83 Mild =29.99
MW VET=29.02- MiW IET=29.84 ,

SORT PSTS ? SORT PSTS ?

TIME HMN ? 5.38 PNXROM .SMB6&b. TIRE HIM ? 598 hl
60.0980 RUN 69.890 RUH,

NOZZLE I1a ? RUN HUMBEP NOZZLE D1A ?
.4989 PUN 8-9" .4980 P:N -- _CL 1 I INCI

STK DI INCH ?IX D I ?
66.8@99 RUN RUN 66.860 PUN

* VOL MTR STD = 37.618 VOL MTR STD ? * VOL MTR STO x 39.,93
STK PRES ABS = 38.34 39.993 RUN STK PRES ABS = 39.34

VOL HON GAS = 2.75 STACK DSCFM ? VOL HON GAS a 3.98
2 MOISTURE = 6.81 11,659.88 RIJN 2 MOISTURE = 7.16
MOL DRY GAS = 8.932 FRONT 1",2 MG ? HOL DRY CAS = 8.92. 0
2 NITROGEN = 81.67 553.88 PUN 2 NITROGEN = 80.57

MOL WT DRY = 29.83 BACK 1/2 PC ? HOL WT DRY = 29.9.

ROL WT MET = 29.02 RRO MDL WT MET = 29.e4

VELOCITY FPS = 2.63 VELOCITY FPS = 14.37
STACK AREA = 23.76 STACK AREA = 23.76

STACK ACFM 
= 
19,429. F CR/DSF 

= 
0.21 STACK ACFM = 20.478.

* STACK DSCFM 11,024. F PrIN!01 429.81 * STACK DSCFM * 11,659.

ISOK[HETIC 99.95 F Lg/H,' 21.36 2 ISOKINETIC 100.41 0
F KGH ' 9.69

%
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XROM 4KW XRON MM
RUN NUM'PE RUN MUNDER

PE r RU RUN

MtETER BOX Y' KN "O METER BOX V? 5%'.
1.0820 PAIN 1.8320 Rt"I :,-.,

DELTA H? RUN NUMBEP DELTA H7

1.5288 RUN '~~ 2.2690 RU
BAR PRESS'? RUN BAR PRESS ?

38.3308 RIJN 3PETER VO.? VOLM130TD R114L
34.5910 RUN 3822 RIJN 42.2M3 RUN

MIR TEMP F7 STACK DSCYM ? IR TEMIP F?.
65.9680 P'1,688 UN6.80

STATIC ROU IN ? FRONT 1/2 NC ? STATIC HON IN I
.1i8N PUN 334.56 RUN .1680 RUN

STAK TEI. BACK 1/2 MG ? STACK TEMP. -

420900 UNRIN 120.580 RUN
AL. HATER ? L. HATER ?

60.3660 RUN 75,130 RUN
F CR/DSF - 0.14
F NG M =309.88

F LB/HP.= 12.81 SAT 2 = 11.6
F KG/HR 5.8tIMP. 2: HON = 6.9" "

IMP. % HON = 7.8
z HON=6.9

% HON-7.0

5 2 C02?

S9.53 RIUN % CO2?

% I 9.4384 RUN % OXYGEN? .30 u

2CRUMN c 15.1m8 RUJN

Nd =29.90 
RUN %

MW MET=29.8-0 Mld =29.31
M MET=28.52

SORT PSTS ?'%'0
5.6760 RUN SQRT PSTS ?

i TIRE MIN ?T 0.E N RUN CLX I1.5t95 RUN p

N LE iR7XROM TIM*MN ?%.4980 RUN 69.e0w MJ

STK DIA INCH ? RUN NUMBER NOZZLE PIR ?

66.890 RUN - 4-S Cr t ""N .3130 RUNFUN STK ,, ICN ?
eVOL MIR SIR = 3S.228 VO I T O T 6e.8 U

STK PRES ABS = 38.34 VOL MTR SID ?
VO O GAS = 2.84 46.65 RUN VOL MR SID % 46.650 ,,
VOL HONSTAS 2 6.84 STACK DSCFM ? STK PRES ABS = 30.14
2MOISTURE = 6.92 VLHNGA 35
ROL DRY GAS = 0.931 28.313.8q RUJN 2 MO GAS 3.54,. kHITOCEH: 8.e4FRONT 112 MG ? Z MIOISTURE =7.05

% NITROGEN = 81.@4 1/MNOL DRY GAS z8.93@
NOL WT RY = 29.98 176.30 RUN ITRON 8.4?

MOL WT MET 29.6 BACK 112 MG 7 2 NITROGEN 2.47

VELOCITY FPS = 13.73 RUN NOL WT PY = 29.31.
HOL WT NET = 28, 52 •.

STACK PREA = 23.7; VELOCITY FPS = 28.22
STACK ACFN = 11,565. F CR/DSCF = 0.06 STACK AREA = 19.63

* STACK DSCFM 11.t6?. F 11N0 =133.46 STACK ACFM = 33,242.
1 2 ISOKINETIC :18!.l6 F L6/HP 14.15 * STACK rSCFM 28,313,

F KG,/HP 6.42 2t ISOKINETIC 1 8.97

F9 OF FIELD DATA

N%
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XROM
RUN NUIMBER XROj)L
- 2.-,40. RUN NUflEMO

RVIN
METER BOX Y? IJN

1.882@ RUN XRON 46A6 Tn EBOm Y?

DELTA N? 1.8829 RUN
2.3890 RUN RUN NUwOR DELTA P

BAR PRESS ? 2.4210 2.N PUN
38.1389 RUN UN BAR PRESS ? ",,

METER VOt ? 36.1 0 RUN
42.4720 RUN VOL MTR STD ? IETER VOL ?

RTR TEMP F? 46.583 RUN 43.7629 RUIN
67.480 RUN STACK DSCFM ? [TR TEMP F?

STATIC HOW IN ? 28,269. 8 RUN 78.500 RUN
.1686 RUN FRONT 1/2 MG ? STATIC NON IN ?

STACK TEMP. 217.78 RUN .1690 RUN
119.85@0 RUN BACK 1/2 NG ? STACK TEMP.

ML. WATER ? RUN 124.950 RUN
82.749 RUN "L. MATER ?93.5990 Rim A

F CR/DSCF = 8.7 
-R

SAT ;. = 11.4 F MG/tN9 165.84 0
F LVR '17.44 SAT Z = 12.7
F KG/HR 7.91

IMP. . ON - 7.7
IMP. Z HON = 8.4

HOH=7.7 
HO4.4

2 C02? 0
4.579 RUN tC? - -

Z OXYGEN? 4.538 RUN
15.630@ RUN % OXYGEN? ,

I CU? 15.5886. RUN
RUN % CO?

RUN
M~d =29.36
M HE7=23.49 Vd =29.34 0

MVd WET28.39 .f

SORT PSTS I
11.540~ RUN SORT PSTS ge

TIME MIH ? 11.8879 RUN

68.8898 RUN XROM '2M ~ ~ TIME HIM ?

NOZZLE DIR ? 68.69 RUN

.3130 RU4 RUN NUMBER NOZZLE DIP ?
STK DIP INCH ? B4 --" .3130 RUN

69,9 RJN RUN STK DIR INCH ? ,'. '

60.68@9 RUN .•' %

* VOL MTR STD = 46.583 VOL MTR STID

STK PRES PBS 39.14 47.734 RUN * VOL MTR STD = 4?.734

VOL NOR GAS = 3.89 STACK DSCFM ? STK PRES ABS = 38.14

2 MOISTURE = 7.72 28,668.8@ RUH VOL HOR GAS = 4.41 ,'.

MOL DRY CAS = 8.923 FRONT 1/2MC ? Z MOISTURE = 8.45

2 NITROGEN = 79.80 41.68 RUN ROL DRY CAS 0.916

ROL WT DRY = 29.36 BACK 2/2 MG ? % NITROGEN = 79.97
MOL WT MET = 2R.48 RUN MOL WT DRY = 29.3'

VELOCITY FPS = 28.29 MOL MT WET = 29.39

STACK AREA = 19.63 VELOCITY FPS = 29.19

STACK ACF= 33,322. F CR/DSCF =.P2 STACK APEA= 19.63

* STACK DSCFM 2^,209. F C/MMM 3e.7S STACK ACFI = 34,3P3.
Z ISOKINETIC = 181.23 F LB/HP' 3.30 * STACK DSCFM 28,668.

F KG/HP 1.5a Z ISOKINETIC z 2e2.pV,

FH OF FIELD D1T. -
run nr nr . Torn.

, .J%
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METER BOX CALIBRATION DATA AND CALCULATION FOR M S

(English units) -

Date Meter box number

Barometric pressure, Pb I- I !_____ hg Calibrated by

Gas volume Temperature .

Orifice Wet test Dr- gas Wet test Dry gas meter
manometer meter meter meter inlet Outlet Avg Time
setting (V), (Vd), (tw), (td ), (td ), (td), (0),
(Al), fi o AH@

in. H0 f f t 3  0 OF o F  min in. H0
2 7.2

0.5 5 '#~ 7Y50~7~ 5~ 4k/7~6~52.- 131&( I,'7 30

. 37.3 I3.
1.5 10 .l': y ~ 533 ____ __ _ __ _3_ _1 7 k 7 .

2.0 ~ ~ ~ ~ .1013 ______

3.0 10 3 5Q7 .5,

4.0 10 7/3373 7 553# /.1 ,17

- d , A1- ,

13.6a Vw Pb(td + 460) 460)317b 460 "(t4+ 460) 2": 2

in. Y -) (t + I (td *40 w..;f
20 1. Vd(b + 13.6 (t+40 "0P

050.0368 ,..:

1. 0O. 0737 "'

1.5 0.110 0

2.0 147 r

3.0 0221,

4.0 0.294

aIf there is only one thermometer on the dry gas meter, record the temperature ""€
under td. .

Quality AssuranceHandook M4-2.3A (front side) t
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NOZZLE CALIBRATION DATA FORE
a a-

Date , . .....-- " Calibrated by •

Nozzle NDzzle Diametera b c

identification D D , D 1D avg
number mm (In.) fm tin.) m in.) mri (in.)

lS

- - .,.'

where : ...

aDI  three different nozzles diameters, mm (in .)', each ",/o
, diameter must be within (0.025 mm) 0.001 in.

b AD =maximum difference between any two diameters, Mr,, (.in.),.-.
AD <(0.1 mm) 0.004 in.'

c Dav average of DI .D2  and D .

Quality Assurance Handbook M5-2.6..

c/ #3$7
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ANALYTTCAL BALANCE CALIBRATION FORM

Balance name LJ-t s.r- Number _

Classification of standard weights C(v--. S
Date 0.500 g 1.0000 g 10.0000 g 50.0000 g 100.0000 g Analyst ,

c~ ,
/'l i+ , / . - c:' i~ c ., ,.*.-

,6o- , D

AIu

('}IcC' (%5 (.'L

,.-,.'.+

-4 .- ;, ; - c.CtD. . -

: . ? <>7< T./:-I S.
/7 100

.%" ,'*

Quality Assurance Handbook M5-5.2
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