
Background Report Reference 

AP-42 Section Number: 9.9.1 

Background Report Section: 4 

Reference Number: 65 

Title: Compliance Emissions Testing of 
Center Ship Loading Dust Collector 
Galena Park Faciliy 

Southwestern Laboratories, Inc. 
Houston, TX 

January 1991 

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

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




AP-42 Section 9.9./ 
Reference 
Repon Sect. 
ReIerenoc 

COMPLIANCE EMISSIONS TESTING OF 
CENTER SHIP LOADING DUST COLLECTOR 

GALENA PARK FACILITY 

WOODHOUSE CORPORATION 
GALENA PARK, TEXAS 

January, 1991 

SwL Customer No. 2-9518-02 
SwL Project No. 54-9010-419 

This study was conducted by the 
Envlronmental Analytical Services Dlvlslon 

of Southwestern Laboratories, Inc. 
Houston, Texas 



SOUTHWEGTERN LABORATORIES 

MaIerinlr. envvonmenrol and grolechnual engineenng, no&slruchve, metaUugud and analylical sewues 

222 Cavalcade St PO Box 8768 Houston Texas 77249 7131692-9151 

February 4, 1991 

Re: Compliance Emissions Testing of 
Center Ship Loading Dust Collector 
Galena Park Facility 
TACB Permit No. C-19563 
SwL Project NO. 54-9010-419 

Mr. A1 Emfinger 

1606 Clinton Drive 
Galena Park, Texas 77547 

Gentlemen: 

WOODHOUSE CORPORATION 

In accordance with your request, Southwestern Laboratories, 
Inc. hereby submits our test report covering the compliance 
emissions test program of the Center Ship Loading Dust Collector 
at your Galena Park facility. Testing was conducted January 15, 
1991. 

This report is for the exclusive use of WOODHOUSE 
CORPORATION and except for submission to Regulatory Agencies, 
the use of our name relative to the report must receive our 
prior written approval. Copies of this report should be 
submitted to the Texas Air Control Board Bellaire, Texas and 
Austin, Texas offices, and to the appropriate local air 
pollution control program. 

It has been a pleasure working with you and your personnel. 
Please let us know if you have any questions concerning this 
report, or if we may be of further service. 

Sincerely, 

SOUTHWESTERN LABORATORIES, INC. 

RD:pm 

Robert Daughtry 
Environmental Scientist 

ftussell'J. DiRaimo, P.E. 
Manager 
Environmental Analytical Services 

HOUSTON 0 DALLAS 0 AUSTIN 0 BEAUMONT 0 GALVESTON COUNlY RIO GRANOE VAUEY 0 ALEXANDRIA 
SAN ANTONIO 0 FORT WORTH 0 MIDLAND 0 MONROE 0 SHREVEPORT 0 TEXARKANA 0 OENISON 0 BATON ROUGE 



' I  

TABLE OF CONTENTS 

Page 

I. REPORT 

A. Introduction ................................... 1 

B. Results ........................................ 1 

C. Procedures - Compliance Emissions Test 
1. Sample and Velocity Traverse - Method 1 .... 3 

2. Determination of Stack Gas Velocity and 

3. Gas Analysis and Molecular Weight 

4. Determination of Moisture Content in 

Volumetric Flow Rate - Method 2 ............ 3 

Determination - Method 3 ................... 4 

Stack Gases - Method 4 ..................... 4 

5. Determination of Particulate Emissions - 
Method 5 ................................... 5 

6. Determination of Visible Emissions - 
Method 9 and Fugitive Emissions ............ 5 

D. Sample Recovery 

1. Particulate ................................ 6 

E. Custody of Samples ............................. 6 

F. Quality Assurance .............................. 7 

G. Discussion ..................................... 7 

H. Summary ........................................ 8 

11. TABLES 

A. Table No. 1 - Source Identification ............ 9 

B. Table No. 2 - Flow Data ........................ 10 

C. Table No. 3 - Particulates (TACB Parameters) ... 11 



. .  

~ D. Table No. 4 - Opacity .......................... 12 

I E. Table No. 5 - Fugitive Emission Opacity ........ 13 

IV. FIELD AND LABORATORY DATA 

A. Preliminary Flow and Moisture .................. 16 

B. Particulate Field and Calculation Data 
Sheets ......................................... I 

111. FIGURES 

A. Figure No. 1 - Center Ship Loading Dust 

B. Figure No. 2 - Source Sampling Train - 
Collector Stack Schematic ...................... 14 

Method 5 ....................................... 15 

I I C. Opacity and Fugitive Emissions Data Sheets ..... 28 

V. APPENDIX 

A. Definitions and Nomenclature ................... 34 

B. Derivation of Flow and Particulate Equations 37 

C. Meter Box Calibrations ......................... 38 

i 
I ... 

D. Gamma Calibration Post Test QA ................. 39 

E. Thermocouple Calibrations ...................... 40 

F. Thermometer and Barometer Post Test QA ......... 41 

G. Pitot Tube Calibration ......................... 42 

If. Nozzle Calibration Sheet ....................... 43 

I. Wet Test Meter Certification ................... 44 

J. Balance Calibration Sheet ...................... 45 

K. TACB Visible Emissions Evaluator 
Certification - Robert Daughtry ................ 46 

L. Resumes ........................................ 47 



"E 

INTRODUCTION 

Compliance emissions sampling of the Center Ship Loading 

Dust Collector of WOODHOUSE CORPORATION, Galena Park, Texas was 

performed by personnel of Southwestern Laboratories, Inc. (SwL) 

Environmental Analytical Services (EAS) Division. The unit was 

sampled January 15, 1991. Testing consisted of compliance 

emissions for particulates and opacity. Present at times 

during the sample program were: Mr. A1 Emfinger and staff of 

WOODHOUSE CORPORATION and Messrs. Robert Daughtry, John 

Johnston, and Johnny Reyes of SwL. 

Testing was conducted in accordance with requirements 

contained in Texas Air Control Board (TACB) Permit C-19563. A 

total of three (3) sample runs were performed. All testing was 

conducted utilizing TACB and EPA procedures. 

RESULTS 

Results of the test program, calculated in accordance with 

TACB procedures are contained in .the Tables section of this 

report, and are summarized below. 

Comuliance Emissions Test 

TACB Permit 
and EPA NSPB 
Allowable 

Average Emission 
Parameter mission Rate Rate 

Particulates-TACB 0.097 lb/hr 1.72 lb/hr 

Particulates-TACB 0.0006 gr/dscf 0.01 gr/dscf 

% of 
Allowable 

5.6 

6.0 



WOODHOUSE CORPORATION 

Parameter 

SwL Project No. 54-9010-419 

TACB Permit 
and EPA NSPS 
Allowable 

Average Emission % of 
Emission Rate Rate Allowable 

Opacity 0% 0% 0 

Fugitive Emission 11.7% 20% 58.5 
Opacity at Ships hull 

The Center Loading Ship Dust Collector operated normally 

during the test program. The grain feed rate averaged 40,000 

bushels per hour at three loader legs during the test, which 

represents maximum loading rate. 

PROCEDURE 

Sampling equipment and procedures were in conformity, 

except where noted, with Reference Methods 1, 2, 3, 4, 5, and 9 

of the Environmental Protection Agency (as contained in 40 CFR 

60, #'Standards of Performance for New Stationary Sourcesvv, 

Appendix A - Reference Methods), Subpart DD (40 CFR 60) and 

Chapter 23 of the TACB Laboratorv Methods for the Determination 

of Air Pollutants. All testing was conducted in accordance 

with agreements reached at the November 12, 1990 Pretest 

Conference (attended by WOODHOUSE CORPORATION, TACB and SWL 

personnel). 
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COMPLIANCE EMISSIONS TEST 
BamDle and Velocitv Traverses - Method 1 

The exhaust stack was a 23 718  x 31 314 inch rectangular 

duct with a 27.25 inch equivalent diameter, at the sampling 

location. Five (5) three inch diameter sampling ports were 

provided. Upstream distance from the flow disturbance (duct 

outlet) to sample ports (Distance A) was 13.6 inches (0.50 duct 

diameters). Downstream distance from flow disturbance (fan 

outlet) to sample ports (Distance B) was 54 112 inches (2.00 

duct diameters). It was determined that a twenty-five (25) 

point traverse for velocity and particulate sampling (five (5) 

points from each sampling port) would be appropriate (see 

Figure No. 1). A check for cyclonic flow within the exhaust 

stack demonstrated that the flow was parallel to the stack 

wall. 

Determination of Stack Gas Velocitv and Volumetric Plow Rate - 
Method 2 

Stack gas velocity was measured with an 88S88 type pitot 

tube constructed in accordance with ##Proper pitot tube sampling 

nozzle configuration", as specified in the Environmental 

Protection Agency, "Standards of Performance for New Stationary 

Sources - Revision to Reference Method 1-8 (FR Thursday August 

- 3 -  
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18, 1977, Part 11) .I* The pitot tube coefficient was determined 

by a wind tunnel calibration. Temperature measurements were 

determined by means of a calibrated digital thermometer with a 

Type **K** thermocouple. A preliminary velocity/temperature 

profile was taken prior to sampling. This data was used to 

calculate isokinetic nomograph settings for particulate 

sampling. Actual flue gas flow rate data were obtained 

simultaneously with particulate emissions sampling. 

Gas Analvsis and Molecular Weiaht Determination - Method 3 
Grab stack gas samples taken during each sample run were 

analyzed for C02 and O2 by use of standard Fyrite Gas 

Analyzers. N2 was determined by difference. Analysis was 

performed immediately after sampling. Data were utilized in 

calculating stack gas molecular weight. 

Determination of Moisture Content in Stack Gases - Method 4 
Preliminary moisture data was assumed to be ambient 

(approximately 4%). This data was used to calculate isokinetic 

nomograph settings for particulate sampling. 

Actual moisture content of the stack gas was determined by 

volumetric and gravimetric analysis of the impinger catch from 

each particulate sample run. Data were used in flue gas 

exhaust rate calculations. 

- 4 -  
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Determination of Particulate Emissions - Method 5 
The Center Ship Loading Dust Collector stack was tested 

January 15, 1991. A total of three (3) sample runs were 

obtained. A sample train similar to the one described in 

APTD-0581, complete with 6 foot long, glass lined probe and 

stainless steel nozzle was used to collect particulate 

samples. In accordance with EPA 40 CFR 60, Subpart DD 

requirements, the probe and filter box heaters were not 

utilized during the sampling program. Impingers 1 and 2 each 

contained 100 ml of DI water, Impinger 3 was empty, Impinger 4 

contained a known weight of silica gel. 

In general, each traverse point was sampled for 4 minutes, 

providing a total run time of 100 minutes. 

Prior to and following each sample run, leak checks of the 

sampling system and pitot tubes were performed. After each 

sample run, the nozzle, probe liner and filter dome were rinsed 

with acetone (EPA Method 5 procedures) and the sample 

containers carefully labelled. Upon completion of each run, 

all impinger solutions were poured into their respective 

containers to prevent contamination of the samples. 

Determination of Visible Emissions - Method 9 and Puuitive 

Emissions 

An observer certified by the TACB Visible Emissions Course 

obtained three (3) six minute opacity runs on January 15, 

- 5 -  
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1991. Results are shown in Table No. 4. In addition, 

observations of the actual loading operation at the ships hull 

was performed to determine the opacity of fugitive emissions. 

Results are shown in Table No. 5. 

SAMPLE RECOVERY 

Particulates 

Upon return to the laboratory, samples were analyzed in 

accordance with prescribed techniques. Particulate emissions 

were calculated in accordance with EPA and TACB procedures. 

EPA Method 5 and TACB Method No. 23 (dated November, 1986 and 

issued and received in June, 1989) of the TACB "Laboratory 

Methods Manual" were used in the analytical program. The probe 

wash, filter and first impinger catch were included in the 

determination of particulate emissions. Results of the TACB 

particulate calculations are contained in Table No. 3. 

Copies of all field, laboratory and calculation sheets are 

included in Section IV of this report. 

CUSTODY OF SAMPLES 

After completion of tests, each sample was placed in the 

custody of the technician for analysis. It was his assigned 

responsibility to insure that each sample was recorded and 

correctly analyzed. Analysis of samples was performed either 
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at the field site or in Southwestern Laboratories' facilities 

by Environmental/Analytical Services personnel. It was thc 

duty of the Department Manager and Project Manager to answer 

any procedural queries from SwL's Laboratory Technician. Final 

responsibility rested with the Department Manager. 

QUALITY ASSURANCE 

Southwestern Laboratories maintains a strict Quality 

Assurance program. Included in this program are: equipment 

calibration checks such as the meter box gamma check, 

thermometer and barometer post test check, all performed after 

each field use; balance calibration checks; analytical 

calibration checks; and calculation checks. Also included in 

SwL's Quality Assurance program is its participation in the EPA 

Inter-Laboratory Source Survey for Methods 3, 5, 6 and 7. 

SwL utilizes the "constant weight" method in determining 

particulate emissions. This requires replicate heating, 

desiccating and weighing of all samples to ensure complete 

dryness. Quality assurance data is included with this report. 

DISCUSSION 

All sampling was coordinated with WOODHOUSE CORPORATION 

personnel to ensure that the Center Ship Loading Dust Collector 

Unit was operating at maximum and stable conditions. 
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SwL performed equipment setup on January 14, 1991. A 

preliminary velocity traverse run was performed at this time. 

The compliance emissions test was performed on January 15, 

1991. Three (3) sample runs were obtained for particulates and 

opacity. 

All the particulate sample runs were within permissible 

isokinetic limits (100% & 10%). The testing was completed in 

coordination with WOODHOUSE CORPORATION loading. The Center 

Ship Loading Dust Collector Unit averaged 40,000 bushels per 

hour, which represents maximum unit loading rate. 

SUMMARY 

The average emission rate for the three (3) particulate 

runs was 0.097 Ib/hr. This represents 5.6% of the 1.72 lb/hr 

TACB permit limit. In addition, the average particulate 

concentration for the three runs was 0.0006 grfdscf, which 

represents 6.0% of the 0.01 gr/dscf EPA Subpart DD limit. The 

average opacity of the three (3) runs was O . O % ,  which is within 

the TACB permit limit of 0.0%. The opacity of the fugitive 

emissions at the ships hull during loading averaged 11.7%. 

This represents 58.5% of the EPA Subpart DD limit of 20%. The 

grain feed averaged 40,000 bushels per hour during the stack 

tests, which represents maximum loading rate. 
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TABLE NO. 1 

SOURCE IDENTIFICATION 

Phone: (7 13) 673-7000 Plant Name: Woodhouse Coruoration 

Address : 1606 Clinton Drive 

city: Galena Park State: Texas zip: 77547 

Plant Manager: 

Plant Representative: Mr. A1 Emfineer 

Process or Function: Grain loadine terminal 

~ 

Source Identification: Center Shiu Loadine Dus t Collector 

Stack or Duct Description: Horizontal. rectaneular 

Stack Height: -200 ft. Stack Dimension: 23 718" x 31 314" 

Stack Temperature: 77'F Percent Moisture: 1.0% 

Sampling Facilities: 5 - 3 inch uort holes arraneed in a vertical 

Process (Batch or Continuous): Batch 

Normal Operating Capacity: 

Operational Status (Sampling Period): Maximum of 40.000 bushels of erain 

uer ho ur fe ed rate 

Sampling Parameters: Particulates and ouacitv of duct and fueitive 

ouacitv at shim h ull 

Date Tested: Januarv 1 5. 1991 

Signed: 

Robbie Dkghtr$' 
SOUTHWESTERN IABORATORIES. INC. 

S O U I * W E I T E I N  L I B O R I T O I I E ,  - 
- 9 -  
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FICURE NO. 1 

WOODHOUSE CORPORATION 
GALENA PARK, TEXAS 

Center Ship Loading Dust Collector 

Flow 

Traverse Points 

1-b 

Duct Cross-sections 

Rectangular Duct Cross-section is 23 7/8" x 31 3/4" 
Therefore equivalent diameter = 27.25 inches 
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Source Sampling tra in  

' -  15 - 

! 



- 16 - 



."t 

- 17 - 



. -  . . - . . . . . 

''E i ' l s n r :  hiha P,zu 

L 

5 o s  Run S o .  I Dare : I - I 

:3.0170T x ThY) s 1 0 0  - - 
+ 0 4 7 0 7  x TiilC) , Y o i s c u r e  = ,,T ( s t  

:0, - 

' C o n v c r t c d  t o  m l  by d i v i d i n g  b y  the d e n s i t y  
o l  x a t c r  (1 g / m l )  

_ .  . .  - (I?!??) 
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RUN No: 

PUT: 

DATE : 

. i  
SOvIFnvEsTERN LABORATORIES, INC. 

SCURCE SAMPLING CALcLlLATIONS 

. v  PARTICULATE 

ACFM = Vs x 60 x As = 

(1.00 - %Ha) 528 Ps m m = Qsd = 60 x 

I 

“ ‘ V i J i T S R j  IMP’ x 15.43 = 
. .. 

GPC x 15.43 I 
I hviiq. 

* 
- 19 - 
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1st - Impinger 

2nd - & 3rd - Impinger 

I 3 p i n S e r  C a t c h - T o t a l  

, A C  ,<!I: T o t a l  P a r t i c u l h z e  I .  

: 'r , ST:JXE:  F l a s k  1 F l a s k  3 Flask 3 -- 

Convcr t cd  t o  m l  b y  dividing b y  the dcnsity 
o l  x a t c r  (1 g/ml)  
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SOUFWSTERN IABORAIURIES, INC. 
SOURCE SAMPLING CALCULATIONS 

IMP' x 15.43 = " = ? n s T ? i  

C ' v i i 7 s m  x 15.43 = 

I - 2 2  - 





- 
S c t  I n c r e a s e  L -  

t? R S . iT 1 - 
. i r c  

C o n v c r t c d  t o  m l  by  dividing b y  t h e  d e n s i t y  
o f  i iatcr (1 g /ml )  

_ .  (i?!??) - 
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SOUlHWESTERN IABORA'IURIES, INC. 

ScuRrr SAMPLING ClLCulATIONS 

PARTICULATE 

ACFM = Vs x 60 x As - 

IMP' x 15.43 - cs = V E i i m a T  

c = ? i n 3 s z  cFC x 15.43 = 

p F R = c x # =  



Run No: I 

Final U t .  

Trre U t .  

04 f frrence 

Alfquot Adj .  

Blank Corr. 

Resfdurl ut. 

.-u ...,y 
c 
E 

Q . Q O Y &  
c 
E 

I- I .A+ 
I .  

I 

I 

5 L - l  

Flnrl Ut. 

.- t i r e  U t .  

Di ff erenct 

A1 iquot Adj .  

Blank brr. 

Residual Ut. 

- 0 . 3  03 6 
c 
E 

- 4 3  
Final Ut. 

tam yt. 

Difference 

A1 lquot Mj.  

a1 * i,', -L, ' i  

Rr.. hL. 

tis 01/83 -06/600 ps 

L- e 

I- 
L a 

I I -  
I d c $  
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Hoodhouse Corporation -- Particulate Calculations 

Southwestern Laboratories 
Environiental Analytical Services Division 

Houston, Texas 

E.P.4. Method 5 bnalytical Qata 
, /  ; S a i p  I Net I Avg Ibvg HeterIAvq StackIAvq sq rtiI lleter P I Stack P I ! I  

I T i i e  I Vol. I delta H I Teip, I Tenp. I aelta P I I  Pn : Ps I i As I Rn / I  
I!rinlIlcu ftl :(in. H20II I F 1  I iF1  Ilin. HZOlIIIin. Hql I l i n .  Hgl I UGHCF I Cp I (sq ftl I i;q ftl II 
I 106 I 75.349 I 1.86 I 73 I 78 I 1.1453 I I  3 . 7 6  I 29.51 I 0.?985 I 0.796 I 5.264 I 1.8667E-04 i i  
: 106 I 73.627 I 1.84 I 77 : 79 I 1.1573 :I 29.78 29.53 I 0.7985 0.796 I 5.264 I 1.8667E-04 I: 
I 166 I 68.129 I 1.69 I 84 I 77 I 1.1156 II 29.76 : 29.53 I 6.9985 I 0.796 I 5.264 I 1.8667E-OF I ;  
, J / /' 

/ / / / / /  / 

, *  :;?ut. 320 I , I  

I I Co!lect I Orsat Data I IHPP I 6YC II 
I :  irL1 IXCOZ I %OZ I YNZ I (qraasl I (qrarsl :I 
II 15.4 I 0.0 I21.3 1!9.6 I 0.0000 I 6.0042 I /  
II 15.9 I 0.0 i21.0 I79.0 I 0.0000 I 0.0000 I I  
I I  13.0 I 6.6 121.0 179.0 I 6.0 l b  I 6.0041 I I  9 '  / 

E.P.A. llethod 5 Flow Calculations E.P.A. Method 5 Particulate Calculation 
1 Vs ftlsec = 85.49 I . C p  t (avg sq rt delta PI I I avq 1s l (HYS6 I PSI  !*IC 
2 IICFH ftA3/ain = Vs ftlsec 1 b6 secinin 1 As sqft 
3 Osd = 66 I (1 .60  - (XH20110011 1 ACFH 1 1528 I avg 1s) 
4 I% i (0.0945 1 Ts 1 Viistdl I / [  Ps I Vs 1 Rn 1 Tine I !!.00-(%H20/10011 1 

:: YE Std. 1 H10 HYS6 Vs RCFH Qsd I: I :I C5 I PNR5 :: Cpt I PHRpt :: 
:I dscf 919 mole ftisec dcsflhr : I  X : I  qrldscf : Iblhr I I  qr/dscf I Iblhr I I  
II 72.164 6.99 28.732 62.08 19,608.53 1,127,496.0 : I  108.4 I I  0.0000 ! 0.00 I I  0.0069 i 0.14 I I  
: I  69.615 1.07 28.724 62.78 19,828.60 1,137,905.3 I I  102.7 :I 0.0000 I 0.00 I: 0.0000 I 0.60 I I  
II 65.673 0.92 28.740 60.39 19,073.26 1,100,296.6 I I  101.0 :I 0.0004 I 0.06 I I  6.0010 I 0.15 I I  

I 2 5 4 
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CERTIFICATION DATE 

I S W R Y  OF AVERAGE OPACITY 



. * J I D L I L  Y..**.BA".. "U" -... .... ".. . "._. 
SOURCE WE: fiU.1 I, GL.. \-A d c # * A  OBSEWER: 

Point of Emission: m w  
OBSERVATION POINT d I Y t  f n d  

J - ADDRESS: & r m n  + & DATE: - -  
I 

r 

[STACK DISTANCE FROM 6 J  ' H E I M T *  I 2 3  ' 

Y WIND - SPEED - S . ~ G  wt! DIRECTION 

SKY CONDITION 

COLOR OF EMISSION ~- 
RELATIVE HUMIDITY 

AMBIENT A I R  TEMp&hW' ,f.o?= 

I 

IBAC);GRomD % I b, mJ\L 

I 
C E R T I F I U T I O N  DATE 

I S W R Y  OF AVERAGE OPACITY 



VISIBLE EMISSION OBSERVATION FORM 

1 -K-9 I 
' t  ' 

SOURCE WE: OBSERVER: 
ADDRESS: DATE: / -,<--j I 

Point of Emission: 

BSERVATION POINT %,D b l b  ? d W  

TACK DISTANCE FROM 5.d0' H E 1 m  'IZO' 

I 

IND - SPEED 5 - I ~ W V  DIRECTION a q - U I -  
KY CONDITION b& 
DLOR OF EMISSION N/P 

ELATIVE HUMIDITY 
ACKGROUND &n.- 6 
MBIENT AIR rprp&TURE -To"? 

J 

ERTIFICATION DATE 

SUMMARY OF AVERAGE OPACITY 

so ce 

Obse er 



Ev.lrutor'r sipt- 

I 

-.31 - ' . . . 



l/X 

la I 
I I I 

. . . .  
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VISIBLE EMISSION OBSERVATION FORM 
. I  

SOURCE "E: f--- .lxA, a- t4Ldl  OBSERYER: ~&'3 
i/ 

ADDRESS: ~ , r r C \ b s  Cnr, ( ; n L -  &l.b DATE : I -/s--y I 
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DEFINITIONS 

Standard Conditions: 68' and 29.92 inches of mercury 

Stack Conditions: Stack temperature, pressure and moisture 

NOMENCLATURE 

ACFM 

AMT 

AN 

As 

C 

C FM 

cot 

CP 

cs 

co 

De 

DGMCF 

DI 

dscf 

EA 

OF 

GPC 

Volumetric stack gas flow in cubic feet per minute at 
stack conditions 

Average temperature at meter in degrees Rankin 

Area of nozzle in square feet 

Area of stack in square feet 

Total pollutant concentration in grains per dry standard 
cubic feet 

Cubic feet per minute 

Carbon Dioxide 

Carbon Monoxide 

Pitot tube correction factor or (PTCF) 

Partial pollutant concentration in grains or grams ;~':: 
dry standard cubic foot (total less impinger catch 

Equivalent stack diameter of rectangular stack 

2LW (De = m) 
Dry gas meter correction factor 

Deionized water 

dry standard cubic feet 

Excess Air (expressed as percent) 

Temperature in degrees Fahrenheit 

Grams of particulate caught (total) 

, O " I * W I I T B I N  L IBOt7,TOP EES 01/81-16/700 

- 34 - 
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NOMENCLATURE (Cont 'd) 

g 

g r  

Hg 

H2° 
I 

IMP1 

IMPP 

MWSG 

N 2  

02 
Pb 

Pm 

PPm 

'r 
P s  

PMR 

PMRs 

Qsd 

O R  

S td .  P 

Grams 

Grains  

Mercury 

Water 

I s o k i n e t i c s  a s  pe rcen t  

Grams of p a r t i c u l a t e  caught i n  impinger 

Grams of p a r t i c u l a t e  caught before  impinger 
impinger ca t ch )  

t o t a l  l e s s  

Molecular weight o f  s t a c k  gas  i n  grams/gram-mole 
(g/g-mole) o r  pounds/pound-mole ( lb / lb-mole)  

Nitrogen 

Oxygen 

Barometric p r e s s u r e  i n  inches  of mercury 

Meter p r e s s u r e  i n  inches  of mercury 

P a r t s  p e r  m i l l i o n  (Volume/Volume o r  mass/mass) 

Barometric p r e s s u r e  o f  r e f e r e n c e  barometer 

Absolute p r e s s u r e  i n  stack i n  inches of mercury 

True p o l l u t a n t  mass r a t e  i n  pounds p e r  hour 

P o l l u t a n t  mass r a t e  f o r  t h e  " f r o n t  h a l f "  i n  pounds 
p e r  hour ( t o t a l  l e s s  impinger ca t ch )  

Dry volumetr ic  s tack gas flow r a t e  c o r r e c t e d  t o  
s t anda rd  cond i t ions  i n  d s c f / h r  

Temperature i n  degrees  Rankin ( equ iva len t  t o  O F  + 4 6 0 " l  

Pressu re  a t  s t anda rd  cond i t ions  (29 .92  inches o f  
mercury) 

EES 0 1 / 8 1 - 1 6 / 7 0 0  .O"T**r.TER?d LI.OR.TOR1EI - 
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NOMENCLATURE (Cont'd) 

Std.T Temperature at standard conditions ( 5 2 8  OR) 

TG Total weight of water collected in silica gel, in grams 

Tr 
Ts Stack gas temperature in degrees Rankin 

Temperature of test thermometer Tt 
Tnn Total water wash volume collected in impingers and 

silica gel, in milliliters (ml) NOTE: Density of 
H 2 0  equals 1 g/ml 

dry basis, in cubic feet 

Temperature of reference thermometer 

Vm Std) Total gas sampled converted to standard conditions, 

vs Stack gas velocity in feet per second 

AH Velocity head orifice reading in inches of water 

AP Stack gas velocity head in inches of water 

e Sample time in minutes 

EES 01/81-16/700 I O U I Y W I S T K I N  L I m O I I T O R I E I  
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SOUTUWETrBRN LAEORATORltZ8 

SOUTHMESTERN LABORATORIES, INC. 
SOURCE SAMPLING CALCULATIONS 

FLOW CALCULATIONS 
y P i t o t  Tube Constant 

Vs f t /sec = 85.49 x Cp x-@avg. ( i n  H20) x 

Stack Temperature 
Ts avg. (OR) 

I 

-mole) x Ps ( i n  Hg) 
Weight o f  the 

I 
P i t o t  Tube Correction 
Factor Stack Gas 

P i t o t  Tube Constant 

2 
68 O F  = 528’R 
Standard Temperature 

ACFM ft3/min = Vs ( f t /sec)  x 60 sec/min x As (ft ) 
/Area o f  the Stack 

L P e r c e n t  Moisture, \ \Stack Pressure 

Qsd dscf/hr = 60 min/hr x (1.00 - q) x ACFM (f t3/min) x Ts avg 5 2 8 ( 0 R j  

Stack Standard 1 
Temperature Pressure 

PART I CULATE CALCULATIONS 

F i l t e r  + Probe Wash 

Cs grains/dscf = ,w x 15.43 (grains/grams) 
LVolume o f  A i r  Pul led Through 

the Meter Box @ Standard Conditions (dscf)  

PMR, l b /h r  = cs (grains/dscf) x $OO((gra(ns)lb) sd dscf h r  

/- F i l t e r t P r o b e  Wash t lSt ImPinger 

C grains/dscf = ~ ~ c ( $ ~ ~ m L  x 15.43 (grains/gram) 

sd (dscf /hr)  
PMR l b /h r  = C (grains/dscf) x do0 I grains/ l  bf  

- 37 - 



SOUTHWESTERN LABORATORIES SUf 

AH 

ENVIRONMENTAL SERVICES, HOUSTON, TEXAS 
CONTROL UNIT CALIBRATION 

AH 
13.6 
- 

BOX NO. I DATE rl1L ITo 
DRY CAS HETER NO. 2 o i Y  k O J Y  Barometric' Pressure. Pb x i i n .  Hg 

Calculations 
I 

0.25- 0.018 $7 
0.074 

0.147 

Y 

I I 

r I 

L 

r i 

J 

r 
L J 

r ? 

Is each AH@ within?o.i5 o f  X!4F - 4 y e s .  t h e n m  i s  val id.  

Is ach y withini0.02 o f  7 

. 
-.. ,ho. then repa i r  and recal ibrate .  SaUTC(WeST%RN WORATORIES 

yes, then 7 i s  val id.  L.3 3 - 3  -/*. 
No, then r e p a i r  and reca l ib ra te  
2 - 

EES 01/81-19/800 
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m O U T H W R I T 8 A N  LAIOClATOLII8I 

ENVIRONMENTAL SERVICES. HOUSTON. TEXAS 
C M  CALIBRATION S m  

P R O J E C T - k ) d  ~ J S Q  PhPQ ue NO.: DAII! 

ACCEPTABLE Y LMITS 

. 

. .. 

EES Ol/El-lQ/EOl 
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SOWESTERN UBORAIORIES 
TEMPERANRE SENSOR CALIBRATION DATA 

DATE: 3 - 2 1  -%& . 7liERMDCOUPLE M.: s-- I 
AUBIENT TplpERANRe: 'k" OF BAROMETRIC PRESSURE: 3 5q In. Hg 

CALIBRAlDR: 4: J/L REFERENCE: Wercury-in-glass A S - i I L (  3-c - 
Reference 

Reference Thermometer "hermocouplo Tamperitme 
Poiat Temperature Temperature Difference. 
sornce OC OF I R OF OR 8 

Ice L J C ' L  s& 3r Lis2 Y4 r 0.6 Y. 

& '  /,k, L'C' tC, 132 us+  C35.6 u v  b7% 0.q 7. 

lute 

- 4 0  - 



THERMOMETER AND BAROMETER CALIBRATION 

532 - 533.4  
s 33. Y 



. .  
' I  

I..... SOUTHWESTERN LAEORATORIEB 

M.lrri.b, r..irorwud a d  #.arrhnirol rn#im*, nodrmrrri... Ratdbwd ' U r ~ u n v n  

222 C a v Y c ~ s S e  0 PO 80x8766 Ctouacon T a x - 7 7 2 4 9  7731SSZ.9331 

PROJECT: P i t o t  Tube -ion PROJECT NO.: 

tALCD.BY: $%?fl DATE: 7- -2-Po CHKD BY: DATE: 

54-818186 
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October 3, 1990 

Southwestern Labs 
P.O. Box 8768 
Houston, TX 77249 

Dear S i r s :  

This i s  t o  c e r t f f y  tha t  your 100 CFH Precision Wet Test MEter, 
ser ia l  no. AB-3, has been cal ibrated with an h e r i c a n  f i v e  
foot b e l l  prover, ser ia l  no. 1045. I t  i s  traceable t o  the 
Bureau of Standards, reference no. 106870. PI-TAPE. 

Sincerely,  

CARL POE CO.. INC. 

Carl  W. Poe 
CWP/mp 

GAS MEASUREMENT EQUIPMENT * SALES AND SERVICE 
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RUSSELL J. DIRAIMO. P.E., Manager 
Environmental Services 
Houston 

Formal Education: 
B.S. Civil and Environmental Engineering - University of 

Rhode Island - 1977 

Additional Technical Education: 
Texas A & M University- Cause and Prevention of Grain 

Kansas State University - International Symposium on Grain 
Houston Building Owners and Managers Association, Inc. - 

"Controlling Exposure to Asbestos in the Office 
Environment" - 1985 

The National Asbestos Training Center - University of 
Kansas IIPractices and Procedures for Asbestos Control" 

Industrial Hygiene & Safety Technology, Inc. - "Hazardous 
Waste Site Operations and Emergency Response", 29 CFR 
1910.120. 40 hour training course, August, 1987. 

Texas A & M Extension Course - "Asbestos Hazardous 
Emergency Response Act", 40 CFR 763 Subpart D, April, 
1988. Certified Inspector; Certified Management 
Planner. 

Elevator Fires and Explosions - 1978 
Dust - 1979 

- 1986 

Professional Engineering Registration: 
Texas 

Certified Texas Air Control Board Visible Emissions Evaluator: 
1978 to present 

Awards and Honors: 
Graduated High Distinction 
Tau Beta Pi Honor Society 
Phi Kappa Phi Honor Society 

Professional Affiliations: 
National Society of Professional Engineers (NSPE) 
Texas Society of Professional Engineers (TSPE) 
Air Pollution Control Association (APCA) 
Source Evaluation Society 
Water and Wastewater Analyst Association 
Texas Hazardous Waste Management Society 
National Asbestos Council 
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Since joining SwL in 1978, Russell has gained engineering 
experience with a concentration in civil and environmental 
applications. 

As Manager of the Environmental Services Division, Mr. DiRaimo 
supervises the field and laboratory personnel which provide 
services including air pollution testing, personnel monitoring, 
water and wastewater analysis, hazardous waste characteri- 
zations, site contamination studies, and gas chromatography 
analysis . Mr. DiRaimo's responsibilities include personnel 
assignments, scheduling, data interpretation, calculations and 
report preparation. 

Mr. DiRaimo has supervised environmental testing project for 
numerous municipal, industrial and petrochemical facilities 
including the Norco, Louisiana and Deer Park Texas facilities 
of Shell Oil Company, the Beaumont Specialty Chemicals Plant of 
Mobil Chemical Company, the Texas City, Texas facility of Amoco 
Oil Company, and the Houston, Texas facility of Hatheway 
Patterson Corporation. 



PHILLIP W. YOKLEY, Environmental Scientist 
Environmental Services 
Houston 

Formal Education: 
B.S. - Environmental Health, East Tennessee State 

University - 1981 

Additional Technical Education: 
Asbestos Abatement Training Program, the University of 

Texas, Arlington, Texas - May, 1987. 
Asbestos Technique Workshop, American Industrial Hygiene 

Association, Houston, Texas - April, 1987. 
Identification of Asbestos Utilizing Polarized Light 

Microscopy, McCrone Research Institute, Chicago, 
Illinois - 1986. 

In-Stack Opacity Monitor Audit Procedures, Environmental 
Protection Agency Regional Office, Annapolis, Maryland 

Texas A & M Extension Course - llAsbestos Hazardous 
Emergency Response Act", 40 CFR 763 Subpart D, April, 
1988. Certified Inspector; Certified Management 
Planner. 

Certified Texas Air Control Board Visual Emissions Evaluator: 
Since 1986 

Professional Affiliations: 
Air Pollution Control Association (APCA) 
Source Evaluation Society 

Since graduation, Phillip Yokley has gained an extensive 
background in the field of environmental monitoring, sampling 
and analysis. He began his career with the United States 
Department of Energy working in an industrial hygienelsafety 
capacity and subsequently held a position with coal-gasifi- 
cation wastewater treatment pilot facility. Most recently Mr. 
Yokley worked as an air pollution analyst for the Air Pollution 
Control Bureau in Pittsburgh, Pennsylvania. 

Mr. Yokley joined SwL in 1985 as an environmental technician 
for the Environmental Services Division. He has subsequently 
been promoted to Senior Environmental Technician and Field 
Supervisor. His responsibilities include supervising field 
testing operations, equipment calibration, and the utilization 
of analytical instrumentation such as total organic carbon and 
total organic halogen analyzers necessary for the analysis of 
environmental samples. In addition, he is responsible for the 
identification and quantitation of asbestos content present in 
bulk samples as well as the determination of fibrous 
concentrations present in airborne samples. 
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JESSE ROBERT DAUGHTRY. Environmental Technician 
Environmental Services 
Houston 

Additional Technical Education: 
Texas Water Commission Wastewater Operator, Class D 

Texas A&M University System, Wastewater Analysis, February 

Certification, January 21, 1986. 

6, 1986. 

Robbie Daughtry is a member of SwL's air pollution team and has 
participated and served as Field Supervisor in source testing 
for parameters such as particulates, sulfur oxides, volatile 
organics, nitrogen oxides, hydrogen sulfide and metals, 
Methodology includes those published by EPA and the Texas Air 
Control Board. Robbie is also a certified Visible Emissions 
Evaluator. 

Robbie, has also assisted in the preparation of samples for gas 
chromatographic analysis, and the sampling and analysis of 
water and wastewater samples. 




