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CDS# 39-7160-90006 
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A review of the stationary source stack -ling report titled 
Investigation of mssiorns at the TIPS Rie St. Drum Mix A@mlt Plantg1 
fllLmitted by E'ngheerhg-Science, Fairfax, Virginia has been ccanpleted. 

T ~ E  tests (Particulates and Total -bans Cmcentratian [THC] 
were c m e d  an the Dnrm Mix AsphaJ.t Plant BagMmse Stack anissions 
an 4-28-88 and 5-2-88. Ihe test were rrat done in accorme with EPA 
dssion testing metlmds. Ihe tests were &me as a diagnostic tool 
raNLer than dssian carpliame testing. Therefore the tests are not 
a c c w l e  for danQnstrating carpliance with any agency regulation 
governing this source. 
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This report discusses the results of testing for particulate matter and 

hydrocarbon dssions from the drum mixer stack at the T.D.P.S. Materials Erie 

Street asphalt plant. The testing was conducted by Engineering-Science, Inc. 
as part of a continuing investigation into the cause and nature of visible 
emissions (VE) which intermittently occur at the facility. 

Prior to testing, ES conducted a preliminary inspection of the facility 

and made same measurements of stack gas constituents using portable monitoring 
equipment. During this inspection, ES determined that improper d m  burner 

adjustmants and aggregate veiling characteristics contributed to low 
combustion efficiency. ES recanmended burner adjustments and flight 
modifications which increased combustion efficiency and reduced hydrocarbon 

emissions. The baghouse was also inspected and tested for leaks, and an 
analysis of a bag removed from the baghouse was conducted to determine bag 

condition. The results of these efforts indicated that the baghouse was 

maintained and operated properly. 

ES then recamended that emissions measurements be conducted using EPA 
reference methods to quantify the particulate matter and condensible 

hydrocarbon components. The results of this testing, as discussed in the 

report, indicate the following: 

o measured particulate matter emissions were less than the state and 
federal emissions standards; 

o particulate matter emissions were well controlled; 

o condensible hydrocarbon emissions were a significant, and sometimes 
predominant, portion of the overall emissions; 

o coarbustia efficiency and burner flame characteristics were improved 
by the burner adjustments and flight modifications; 



o the majority of the remaining hydrocarbon emissions are caused by 

asphalt cement (AC) volatilization or distillation. 

ES recoamnends further study of the facility's operation by monitoring 

hydrocarbon concentrations and gas temperature both upstream and downstream of 
the AC injection location. Other operating characteristics such as AC 

temperature and production rate will also be recorded. This information will 
allw identification of those operating conditions which minimize hydrocarbon 

emissions. If the monitoring demonstrates that condensible hydrocarbon 

emissions can be minimized by adhering to specific operating procedures, 

monitoring results can be used to define the operating procedures to be 

followed. Review and evaluation of other emissions control strategies will 

be necessary if the monitoring results do not indicate that this approach can 
be successful. 



RERXT ON AN IMIESTIGATION OF THE 

mSSIONS FEMM THE TDPS ERIE STREET 
DRUM MIX ASPHALT PLANT 

In response to a request by TDPS, Engineering-Science , Inc. (ES) , assisted 
by Energy Control and Services, Inc. (ECS), conducted an investigation of the 
cause of visible emissions from the caupanyfs Erie Street Plant drum mixer 
stack. This investigation has been conducted in phases designed to: first, 

identify the nature and cause of the emissions opacity; and second, develop 

recommended corrective action to reduce or eliminate the visible emissions. 
Three reasons for the visible emissions were thought to be possible: 

excessive particulate matter penetration of the baghouse; condensed hydr* 

carbons from poor fuel combustion efficiency; and asphalt cement volatili- 
zation. Hydrocarbon emissions often have detectable odor. Hence if visible 

emissions are due to hydrocarbons, the reduction of emissions should also 

reduce any odor. 

An initial inspection and data collection m r e  conducted on April 6, 11 
and 12, 1988 to determine whether the visible emissions were caused by 

particulate matter or by condensed hydrocarbons. The results of this 

inspection were reported to TDPS in a letter dated April 19, 1988, which is 

found in Appendix A. This inspection, and subsequent analysis, included 
preliminary measurement of drum exhaust gas constituents (THC, CO, 0, and 
temperature), an inspection and leak check of the baghouse, and bag analysis 
for permeability, tensile strength and microscopic characteristics. 

The results of these efforts indicated that the baghouse is king 

maintained properly but that excessive hydrocarbon emissions were occurring. 

Burner and dnnn modifications were reccmmnded to imprwe combustion 

efficiency and reduce hydrocarbon emissions due to products of incomplete 
combustion. ES further recammended that additional tests be performed after 

the modifications were caapleted to test their effectiveness and to verify 

that asphalt cement volatilization is the cause of any visible emissions. This 



report summarizes the additional data collection efforts completed after the 

drum and burner nudifications were performed. Recomaendations contained in 

this report for further work are based upon observations made as a result of 
the inspections and data collection activities conducted to date. 

SAMKING AND ANALYSIS PRDCEDURES 

Sampling for particulate matter, condensible and total hydrocarbon 
emissions was conducted on April 28 and Hay 2, 1988. A preliminary velocity 

traverse of the stack was conducted prior to actual testing in order to 
generate velocity and temperature profiles within the stack. A point of 

average velocity was then selected and testing was conducted according to US 
EPA Reference Method 5 as outlined in 40 CFR Part 60, Appendix A. The gas was 

sampled to determine particulate and organic condensible emission rates. Pour 

test runs were attempted. However, during test run number 2, a thunderstorm 
occurred causing abandonment of test activities. The results of this test are 

therefore not included in the report. 

Particulate matter was collected on a heated filter. The sampled gas was 

cooled and collected in a series of impingers and the percent moisture of the 
flue gas was determined from the amaunt of liquid collected in the impingers. 
This back-half impinges catch was then collected and sealed for analysis at 
the ES Fairfax, Virginia air laboratory to determine the concentration of 

organic condensibles present in the gas and their emission rate. The filter 

sarnples were analyzed according to Reference Nethod 5 and the impinger samples 
were analyzed using procedures described in Appendix B. Measurement of the 

total hydrocarbon (THC) concentration was conducted using a Scott 116 THC 

analyzer. The sampling system consisted of a probe which was inserted into 

the stack and a heated filter to catch suspended particulates, a heated sample 

line, and a condenser to remove moisture f ram the gas stream. The hydrocarbon 

concentration was then masured by the flame ionization detector (FID) located 

in the THC analyzer. The output was converted to an electrical signal and was 
recorded on the strip chart recorder. For test 1, the output scale was 0-100 
ppn full scale, and for tests 3 and 4, the output was 0-500 ppn full scale. 

MISC 15:21 



Copies of the velocity traverse data sheets, field data sheets, laboratory 

analysis sheets as e l l  as copies of the hydrocarbon analyzer recordings are 

presented in Appandix B of this report. 

Particulate Uatter 

Based upon the initial baghouse inspection ES tentatively concluded that 

particulate matter emissions were not contributing significantly to the 
emissions opacity. Baghouse bag analysis was recommended to verify that no 

particulate emissions were penetrating the baghwse due to bag deterioration. 

The bag test results are found in Appendix C. The results of this analysis 

indicate that the bags are in good condition. A slight brown discoloration 

was observed on the clean side of the bag, but no particles were observed in 

the cross section during microscopic analysis. This indicates that no 

significant bag penetration by dust particles had occurred. The discoloration 

was probably due to dust which penetrated some eroded bags during April, 1988 
and was bluwn into the clean side bag tubes during the cleaning cycles. The 

discoloration does not affect the particulate matter collection efficiency of 

the baghouse, as indicated .by the test results shown below, and by the low 

pressure drop of the combustion gases flowing through the baghouse. 

ES conducted single point particulate matter emissions measurements using 

EPA Method 5 procedures and conducted gravimetric determinations of conden- 

sible matter by analysis of the sampling train impinger catch. Single point 

sampling was used because the tests were conducted as a diagnostic tool rather 

than an emissions coanpliance determination. Heasurements of hydrocarbon 

emissions concentration were also performed using a total hydrocarbon (THC) 
analyzer. These tests were conducted on April 29, 1988 and May 2, 1988. 

Testing m s  corxiucted at a variety of operating conditions to evaluate the 

effect of these conditions on emissions. The range of conditions is sum- 

marized below. 



Production Rate 150-300 tph 

D m  Exit Temperature 250-310°F 

Aggregate Moisture Content 3.2-3.7 H,O 
Exhaust Gas CO Content 100-1800 ppa 
Percent R.A.P. 0-25% 

m e  particulate laatter and condensible matter measurements are within both 

State and Federal missions standards. The State standard requires the 

emission rate calculation be made using both the particulate matter filter 
weight and the cmdensible matter impinger catch, a d  the standard is based on 
production rate. A copy of the regulation and emission calculation procedure 
is found in Appendix D. The Federal New Source Performance Standard (NSPS) is 

a concentration based standard. Summaries of the test results and the 

emissions standards for both regulations are found below. 

PARTICULATE MA& EMISSIONS -S 

PmDER s- 
( P d s  per Hour) 

Test Run Filter Impinger Total PmDER Standard 

(back half condensibles) 

PARTICULATE MA= 
E M f S S I ~  MEASUREMENTS 

NSPS s- 
(Grains per Standard Cubic Pwt) 

Test Run Emissions Concentration 
(filter only) 

NSPS Standard 

Average 0.017 



Hydrocarbon Emissions 

Hydrocarbon emissions were measured using two methods: by analysis of the 
EPA Method 5 impinger catch which measures condensible hydrocarbons which m y  
contribute to visible emissions; and by sampling stack gas continuously and 

analyzing it using a total hydrocarbon (THC) analyzer. Hydrocarbons present 

in the gas stream as unburned fuel are not measured by Method 5, but are 
measured by the THC analyzer. The condensible hydrocarbon concentrations 
calculated f r m  the impinger catch and Method 5 gas volume (shown in the table 
below), and the THC analyzer measurements show that hydrocarbon emissions vary 
considerably between test runs, and contribute significantly to the overall 
Method 5 sample weight. From 25% to 80% of the overall measured emissions 
were condensible matter, primarily condensed hydrocarbons. 

The average and integrated THC analyzer results (shown below) correlate 
with the condensible matter measurements and, therefore, the THC analyzer 
easurements are used to evaluate THC emissions concentration. The THC 

analyzer measurements represent hydrocarbons which were not collected in the 
condenser of the continuous sampling system. The uncondensed hydrocarbon 

measurements made by the THC analyzer are correlated with the condensible 

hydrocarbons collected in the Method 5 impinger as shown in Figure 1 where the 

data are plotted along with the linear regression line (r2 = 0.9). The 

correlation demonstrates that measurements of uncondensed hydrocarbons 

concentration increase with measurements of condensed hydrocarbons and 
therefore, the analyzer rmasuremnts are used to indicate increases and 
decreases in the total hydrocarbon concentration of the drum exit gas later in 

this report. 

Hmaxmm EMISSIONS PmSmmmE 

Test Run 
Condensible Hydrocarbons 

( grains/dscf ) 
(backhalf) 

THC Analyzer 
Average Integrated 
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I CONDENSIBLE VS NONCONDENSIBLE HYDROCARBONS I 
FIGURE 1 

MEASURED LINEAR 
DATA REGRESSION * + 

CONDENSIBLE HYDROCARBONS 



Ehergy Control and Services, Inc. (ECS), represented by Mr. Robert 
Safarik, cohcted combustion process measurements concurrent with the tests 

conducted by ES to verify that the d m  and burner modifications had imprwed 
combustion efficiency to the desired level. A copy of the ECS report is found 

in Appendix 8. Figures 2, 3 and 4 show the comparison of drum exit gas 

temperature to THC concentration; Figures 5, 6 and 7 show the THC/production 
rate correlation; Figures 8, 9 and 10 show THC/percent RAP; and Figures 11, 12 
and 13 show TIK:/CO content results. These graphs show that no consistent 
correlation between THC concentration and operating parameters exists. 

The ECS measuremtnts indicate that ccmbustion efficiency has imprwed to 

levels typical of well-operated d m  mix facilities. Unburned fuel or 
products of incanplete combustion resulting from unstable or poor combustion 

wwld be measured as THC. Increases and decreases in THC concentration would 

then correspond with increases and decreases in CO concentration. Since such 

a correlation does not appear to exist (see Figures 10, 11 and 121, ES 

cbncludes that THC measured by the analyzer consists mostly of volatilized or 

distilled hydrocarbons from the asphalt cement (AC). After reviewing the 

combustion efficiency results, both the THC and condensed hydrocarbon 

measurements, and the fact that the particulate matter emissions measured are 
well controlled, ES concludes that when the occasional elevation in visible 

emissions occurs, it is caused by hydrocarbons produced from volatilized or 
distilled AC. The ECS report states that the baghouse is undersized. This 

conclusion was reached before the results of the bag testing and of the 
emission tests conducted by ES were known. When these results were discussed 
with Mr. Safarik, he agreed that hydrocarbons were the source of any visible 

emissions. 

ES believes that the volatilization or distillation is caused by high gas 
temperatures at the AC injection location, high AC temperature, or both. 

Temperature mhasurements taken inwdiately downstream of the AC injection 

location and oaeasurements taken shultaneously are shown in Figures 2, 3 
and 4. Although no apparent correlation of THC concentration with temperature 

variation is shown, a more pronounced correlation may be demonstrated by using 

the gas temperature upstream of AC injection, since the gas temperatures at 
this location directly influence the volatilization rate. 

HISC 15:21 



RuamNwnms 
The racarrrdationo dis~scd herein are bared on the conclusions drawn 

from the investigation results discussed above. 

The first r.carwdation is to optimize drum -ration by mitoring 
rrisriaw while varying operating caditima which affect AC volatilization 
and distillatian. optimizatim of operation will include waluation of TIfC 
cmcentratim and gas wrature both upstream and damstream of AC injection 
while varying production rate, AC mrature and gas tasaparature betmen a 
minima of three levels each. Sanples of the AC will be drawn for analysis by 
ASlM b2887 (Steam Distillate Boiling Point) and -1754 (Thin Layer Oven Test) 
to confirm AC volatility characteristics. The plrpose of this effort will be 
to define which operating caditions produce the lowest hydrocarbon emissions 
for use as guidelines for plant operators. Rte proposed conditions for the 
study are: 

Production Rate 
Dnra Exit 

Gas Taqerature 

200 tph 
250 tph 
300 tph 

If this approach is unsuccesshil, i.e., no operating conditions produce 
TXC amirsiau reduction, or the operating caditions sbrersely affect product 
quality, ISS r m n d r  uxmmication with drm mix plant manufacturers, the 
W A ,  and other cmwltants to &tenrim what other corrective actions might 
be successful. Prior to mlection of a specific corrective action, ES 
proporas that personnel at the facilities where these approaches have been 
attqted be interviewed to determine if the problems or spptam and operat- 
ing draracterirtics are similar to those experienced at ZDPS. Once an 
approach has been identified which has corrected volatilization problems at a 
facility similar to the TDPS plant, that approach should be evaluated for 
applicability to the TDPS facility. If the waluation shows the approach to 
be appropriate, it will be recaamanded. 



TEMPERATURE VS THC CONCENTRATION 
TEST RUN NO. 1 
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TEMPERATURE VS THC CONCENTRATION 
TEST RUN NO. 3 
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TEMPERATURE VS THC CONCENTRATION 
TEST RUN NO. 4 
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PRODUCTION RATE VS. THC CONCENTRATION 
TEST RUN NO. 1 

TONS PER 
PPM THC HOUR - I 
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PRODUCTION RATE VS. THC CONCENTRATION 
TEST RUN NO. 3 

TONS PER 
PPM THC HOUR - I 
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THC CONCENTRATION PRODUCTION RATE 
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PRODUCTION RATE VS. THC CONCENTRATION 
TEST RUN NO. 4 
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PERCENT RECYCLE VS. THC CONCENTRATION 
TEST RUN NO. I 
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PERCENT RECYCLE VS. THC CONCENTRATION 
TEST RUN NO. 3 
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PERCENT RECYCLE VS. THC CONCENTRATION 
TEST RUN NO. 4 
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CO CONCENTRATION VS. THC CONCENTRATION 
TEST RUN NO. 1 
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CO CONCENTRATION VS. THC CONCENTRATION 
TEST RUN NO. 3 
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CO CONCENTRATION VS. THC CONCENTRATION 
TEST RUN NO. 4 
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-aNS 
r.carmdations discussed herein are based on the conclusions drawn 

f r a  the investigation results discussed above. 

mh first r-tion is to optimize d n a  operation by rnitoring 
aissians while varying -rating conditions which affect AC volatilization 
and distillation. Zhe optimization of operation will include waluation of TEiC 

concentration and gas teqerature both upstream am3 &wnstream of AC injection 
while M'rying prodluctim rate, AC m r a t u r e  and gas temperature hetween a 
mini- of three levels each. Saqles of the AC will be drawn for analysis by 

ASTM D-2887 ( S t e m  Distillate Boiling Point) and D-1754 (min Layer Oven mst 1 
to canfirm AC volatility characteristics. The purpose of this effort will be 

to define which operating conditions produce the lowest hydrocarbon dssians 
for use as guidelines for plant operators. TIMZ proposed coditions for the 
study are: 

Production Rate 
DM Exit 

Gas -rature 

200 tph 
250 tph 
300 tph 
- - - --- ppp - - - 

If this approach is unsuccessful, i.e., no operating conditions produce 
!l8C dssions reduction, or the operating conditions; adversely affect product 
quality, ES remmenda mommication with d m  mix plant manuiacturers, the 

=A, and other consultants to determine what other corrective actions might 
be successful. Prior to selection of a specific corrective action, ES 
proposes that persawel at the facilities where these approaches have been 
a t w e d  be intenriewed to &termine\if the problems or ryaptcms and operat- 
ing characteristics are similar to those experienced at 'KIPS. Once an 
approach has been identified which has corrected volatilization prdlepls at a 
facility similar to the TDPS plant, that approach should be waluated for 
applicability to the 'IDIPS facility. If the waluation shows the approach to 
be appropriate, it will be reccmmded. 



APPmmIX A 

D.A. lWIl34W TO V.P. ANGELX) DATED APRIL 19, 1988 



ES 
ENGINEERING-SCIENCE, INC. 

TWO FLINT HILL. 10521 ROSEHAVEN STREEf 
FAIRFAX. VIRGINIA 22030-2098 
(703) 591-7575 

April 19, 1988 

nr. Vincent P. Angelo 
TDPS Materials 
800 West Olncy Avenue 
Philadelphia, Pennsylvania 19120 

Re: Report of Site Visits on April 6, 11, d 12, 1988 

Dear Xr. Angelo: 

U d c r  contract to TDPS Phterials, Engineering-Science, Inc. (ES) , 
represented by Wr. Joseph Van Giesm, ~uptntising Plgincer, and Mr. Robert 
Safarik of Energy Control ud Services, Inc. (EICS), subcontractor to CS, 
conducted frupections and wasurmnts to dttenaine the cause of visible 
emissions from the baghouse stack at the %DPS asphalt plant located at Erie 
Avenue and Second Street in Philadelphia, PA. This letter Md the attached 
report frorn ECS cssrve to ~lmrarize the obsewatiuns, conclusions and 
recormendations associated with the site visits. The work and attached report 
from DCS relate only to the dnnn and burner aquipacnt and their impact on the 
visible emissions. This letter shall reference suoe of the information 
contained, in that report; however, ES was concerned mostly with the baghouse 
and the werall emissions. 

ES and ECS representatives ~ r t  w i t h  TDPS, Philadelphia Air Management 
Services (AMS), and US Esrvironnwntal Protection Agency (EPA) reprerentatives. 
The EPA and AHS were present to conduct an inspection of the facility and to 
record process operating informatim. After the inspection was completed, the 
group, along with ES, ECS 8nd lDPS rsprasentativts, visited the Rokrto 
Clemente Mddle School which had been complaining of odors and citing the TDPS 
rsphal t plant as the source. TSIc M 5 ,  wing 8 Century Organic Vapor Analyzer, 
was unable to detect any significant mcentration of organic vapors. In the 
opinion of the ES representative, the inst~nent was not operated properly. 
Rr. Van Giesm voiced this opinim to the AMS representatives who did not 
change their operating procedures. Mditional comnents are included in the 
letter from U to you concerning the NW which was issued to TDPS based on the 
April 6 AMS inspection. 

After the EPA and AMS representatives returned to their offices, ES and 
ECS began a carnprehensive waluation of the drum and baghowe. This evalua- 
tion was initiated on April 6 and continued on April 11 and 12, 1988, after 
sampling ports were installed in the d m .  

An internal inspection of the baghouse revealed no obvious particulate 
matter penetration. No tubtshtet or bag failures were observed. A Visi-Light 
inspection was performed after introducing fluorescent dust to the dirty side 
of the baghouse through an access hatch located in the baghouse inlet duct. 
This inspection revealed no evidence of dust penetration. The procedures 
discussed in this paragraph are wed to determine only if there is a loss of 
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integrity in the hgs or tubesheet such as holes or cracks. W t  penetration 
by seepage or pinhole penetration duc to deteriorated or improperly designed 
bags cannot be detected using these wthods. 

ES obrcnrad t h t  the pressure drop acrors the bags and tubesheet was 1 
inch W.C. (water calm) as campared to the ~rmfacturer~s recomncnded 2 to 4 
inches W.C. Wce during the investigation the bag cleaning system was turned 
off to see if an increase in the pressure drop, caused by an increase in the 
filter cake thickness, would have any effect on the visible emissions. men 
at pressure drops of 2 to 4 inches W.C., no reduction in opacity was observed; 
however, these were short evaluations at higher dnnn capacities, so the 
pressure drop may have been caused by higher gas velocities, rather than 
thicker filter cake. mtse results are therefore inconclusive. 

It is possible that fine particulat* matter is penetrating the baghouse 
because of poor ba condition or design. The bags were installed in tht 
latter part of the f art operating meurn, ud unless they have k e n  rubjected 
to temperatures exceeding 450 dtgrass fahrenheit, it is unlikely they are in 
poor condition. Thc plant is equipped w i t h  a baghouse inlet gas hi* 
temperature cutoff, so exposure of the bags to high temperature is unlikely. 
An inspection of a opart bag bowed the bag to be of good quality. In order 
to assure that every possible rthod of ~ l u a t i m  is utilized, ES recomatnds 
that quantitative testing of a bag taken from the baghouse be undertaken. The 
tests include a hllen Burst Test, Tmsile Strength Test, Permeability Test, 
and Microscopic =st. 

ES also measured photo-ionizable hydrocarbons during the diagnostic tests 
conducted by US. The measurracntr were taken both upstream ud downstream of 
intraductian of recycle material 8nd asphalt camcnt to the drum. The measure- 
ments, rhown k l w ,  indicate that a relatively -11 amount of hydrocarbons, 
not attributable to incomplete cadnution, were present in the gas stream. 
Preliminary calculations indicate that this amount may contribute to the 
visible emissions of condensed hydrocarbons prior to or at the stack exit. 

ECS Run N m b r  
Photo-Ionizable Hydrocarbon 

Limit Probable ~jini t 

*The photoionization detector (PID) used to make these measurements responds 
differently to different organic compounds. Since we don't know exactly 
which muqmmds -re present, we have given the theoretical range of possible 
concentrations. . Based on what we know of asphalt plant emissions, we believe 
the "most probable* concentration to be accurate to ?: 25%. The PID does not 
respond to methane. 
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B a d  on the infomatian gathtred to date, ud the lack of quantitative 
wasurementr of stack emission constituents, ES curnot identify whether 
particulate matter, condensed hydrocarbons, or a rolnbinaticm of both are 
contributing to the visible emissims exiting the baghouse stack. In addition 
to the dnrn and burner dificatianr and the reccmacndad bag testing, ES 
suggests that in-stack acasurwnts of particulate matter and non-volatile 
hydrocarbons be radc to qualify and quantify the cause of the visible 
emissions. The procedures used do not have to be EPA reference xethodr and 
therefore can k mewhat less costly than typical cauplianct tests and still 
k uEad by ES for diagnostic prrposes. 'Ihc cost of there tests is estimated 
at $5,700. 

In sunmary, ES recamends that TDPS take the following actions: 

o Complete the dnan modificatimr and burner adjustments recomawndtd by 
ECS ud have ECS conduct wasurtlacnts to verify that these actions are 
ef fectivt in increasing cadmstion efficiency and reducing hydrocarbon 
emissions. 

o Send a bag which was r d  fran the baghowe to ETS, Inc., in 
Roanoke, Virginia, for the tests recamnendcd above. 

o Conduct atack measurtmtnts for particulate matter and non-volatile 
hydrocarbon concentration dcttdnation. 

It Is our understanding from dircussions w i t h  you rn April 14, 1988, that 
you apprwe of these recamrendatio~. ES is preparing to conduct testing in 
cancert with ECS verification of dnm and burner rrodification effectiveness. 
These efforts will be c ~ c t c d  on April 28-29, 1988. 

Based on your verbal approval of the above recoamendations, ES will send 
you a revised estimate for the services required to canplete them. If you 
have any questions or caar~ents, please call. 

Sincerely, 

Douglak A. Toothman, Manager 
Emiromrental Studies 

cc: Joe Van Gieson 

aT: jle 
?USC 14:lO 



APPWDIX B 

TEST DATA, CALCULATIONS AM) RESULTS 



Plan t  -r 6 / 7 5  
Date J - Z t -  & 8 
Sampling Locat ion 

Run N u d e r  ~ t r  - I 
Operator ~ n b  / 1 7 4  4 

Ambient ' ~ b n p a r a  tulle 
b a r o r e t r l a  P r e r a u r e  s7.X 
( I t a t l a  P r e r r u r e  (PI) 0. 06 
P l l t e r  Nunber(r) 00 I 
Pre tea  t l a a k  Ra t e  - c C m  0 j _h_ i n .  Ilg 
P r e t e a t  P l t o t  Leak Check 
P r e t e s t  Oraa t  Laak Check .A 
Read and Record a l l  Data Every Minutee 

L -. A . 

FIELD DATA 
Probe h n g t h  and Type 
P i t o t  mbo I.D. N o .  .gg I 

Nortle I.D. & , z v ~  
Tenp. Readout S/H g5-7 
Meter Box Number CT 5 -7 

- --- 

Meter Ha /.r77 
C Paotor  n - 7 F  -. # 

Meter Gamma /. m/ 
l l e a t e r  Oox S e t t i n g  ~ Z ~ Y ~ Z <  
Reference &J !f LC 2 . 2 ~  
Poet  n e t  h a k  Rate  -Q&cfm (5_ i n .  Ilg 
Pos t  Tea t  PLtot  f a a k  Check - 

Traverse  P o i n t  Lnyout P o s t  n e t  Oraa t  f sak  Chock 

/Clock O r i f i c e  Pree. S tack  Dry Gaa Meter Temp. 
Traverme Sampling / Time Gar Meter I k l o o i t y  D i f f e r e n t i a l  Temp. I n l e t  O u t l e t  Pump 

P o i n t  Time, / ( Id-hour  Reading llead 4 P,) ( ll) i n .  1120 (T,) T F T I @P Vacuum 
Nunbar (mLn) / o lock )  (II,) f t  i n .  l1,O ~ e r l r e d l ~ o t u a l  @P i n .  llg o u t  

4 - a 

Sample 
8oxTemp.p fnge r  

P l l t e r  
Temp. *P 

,qc/q 
2 !-l '+ 

Im- 

Temp. 
O F  

3 C 
J- 2 

2 6V" 
a\ 
1 7 5  .-;2 

/ 
/ 
/ -------- 
/ 
/ 

C.?,702 , .. 
/ x l .aol ZSs L 5 -I--] 
/ / r 9  68 7fL .i7%1, 
A 
.A. ------ 

/ 
/ 

/ 
/ I 

-- 

- 
-- 



SAMPLE RbCOVERY DATA 

Date : 

Sampling Location: 

Sample Type: P i !  
~ u n  Uwber: I 
Sample Box Number:  

Clean-up Man: 

Job Nunhr: 

Comments: Yo 6'gh 

Imgi nge rol 
p i n u  vor-: 3 3 s  t I & o  rl m l  m l  

In i t i a l  Volume: m l  m l  m l  

N e t  Volume: rl 81 m l  

Total H2O: 

S i l i ca  Gel 
N n i l  volume: S/ ? 8 Q 9 Q 

1nit5.1 volume sd6,OO;L 9 9 Q 
r) 

re t Volume \3 a /  g 9 9 

Tota l  Moisture: 30 9 ,7 

Description oif mpinger Catch: C ( d a y  ' S ti+L+ 0, ( sLI:- a& 



. 1- TOTAL I 

CIIATOR f~ f i  (9 

- 

MOLECULAR WEIGIIT OF 
STACK GAS (DnY OAS IS) 
. hl,,, Ib/lb-mole 

MULTIPLIER 

4 ~ 1 0 0  

3211 w 

2 8 / 1 ~ ~  

*8/l/loa 

AVERAGE 
IIET 

VOLUblE 

3 1 

ACTUAL 
nEmlnC 

2 

ACTUAL 

- READING 
-- 

) 2 4.7 
(IIE I' IS ACTUAL 02 
,II)IIIG b1ltlllS ACTUAL 17.0 

Illrnnlrlc) - - 
I(III{ r IS ACTUAL CO 
AIIIIIG ~ l l l U S  ACTUAL 
I:~Aulrlr;) 

(Illil. IS 100 hllHUS 
I II lr \ .  CO READIflG) 

NET 

- 

ACTUAL 
nEADlNC 

9.7 

'IET 

9 7 

n,3 

. 

liET - 
./. 7 

17- 0 3 

- 







a = 54-sc x 1 0 4  ($1  = 54.54 10-4 ( 12 - =_. it. 



P l a n t  7 b P S  
Oate c/-LgT#3 
Saaplirq t o c a t i o n  fS 
Sample Type ?',r+kk 
Run Number hq-L 
Operatrot / q O L  / e 7 ~  
Ambient Tempora t u r e  
eatmetric P r e s s u r e  9. m 
S t a t i c  P r e s s u r e  (PI) o H L  
F i l t e r  Number(8) 00- 

P r e t e ~ t  Leak R a t e  - 0 e t c f m  /( in, Hg 
P r e  tes t P i  tot Leak Check 
P r e t e s t  Orsat Leak Check b.ft 
R I and Record a11 Data Every Minutes  - 

FIELD DATA 

T r a v e r s e  P o i n t  Layout 

Proba Length a n d  Type < t s s 4 I ~ C O ~ ~ ~  L 
P i t o t  Tube'1.D. No. , IIv 
Nozzle I .O. o.ZH 
Assumd Mois tu re ,  % 33 
Temp. Readout  S/N ,-7-7 
Meter Box Number 6 7 - 

- 
netat AHa 1 . 5 7 7  - - 
C P a c t o r  o.v< 
He tar Gamma 1.00 / 
Heater Box S e t t i n g  
R e f e r e n c e  Ap Ee /.53 
Poa t T e s t  Leak Rate = f m ( c f r  3 i n .  Hg 
P o s t  T e s t  Pi to t  Leak Check 
P o s t  T e s t  Orsat Leak Check 



SAMPLE RB2OVERY DATA 

Plant: 

a t e  : 

Sampling Location: 

Sample Type: 

Run Number: 

Sample BOX Number: 

Clean-up Man: 

Job Number: u 

Filter Number: OOa 
~escr ipt ion  of l i l t e r :  3'/6& ;G& <& 4 

mpi nge rs 
F i n a l  Volume: 306 m i  rl  m l  

m i t i a l  vo ior :  BOD a ~ ,  nil 

~e t volume : I ob m1 m l  m l  

Total 820: 

Sil ica G e l  
Pinil volume: 500, 7 Q 9 9 

fniti.1 ~ 0 1 -  I 9 9 9 

Hat volume l 3 e 7  g Q 9 

TO- Moisture: 114.7 

Description of Impinger Catch: 



gas m.L,e: 







Plant 

. .... 

FIELD DATA 
- - 

Da tc 
Samp 
Sanp 
Run Number 3 

Barometr ic  P r e s s u r e  
S t a t i c  P r e s s u r e  (P-1 
F i l t e r  Nuaber(r)  
P r e t e s t  Leak 
P r e t e s t  P i  
P r e t e s t  Orba t  Leak Check 
R 1 and Record a l l  Data  Every - Mi nu t e a  

- 
Schematic of 

Traverse  P o i n t  Layout 

Probe Length and Tvba - - a  L - 

P i t o t  Tube 1.D. N o *  
Nozzle 1.0. ~ x ? t / Y  
Assumed MoistuEe, 3 b  
Temp. Readout S/N 
Meter Box Number -- - -  

Meter AH@ /,< 3% - - 
C F m t o t  f~ P 
Me tar Canma 1 
Heater Box Se tk ina  - 

Raference Ap 
Post *st Leak Rate  -&!!cfl @ 5 i n .  Hg 

- -- 

P o s t  T e s t  P i t o t  Leak Check 
Post -st O r s a t  leak Check 



SAMPLE E O V E R Y  DATA 

Plant: 

a t e :  q r-t - re  
Sampling Location: d t c +  6 k 
Sample Type: /'7< 

Run Number: 

Sample Box Number: - 
Clean-up Man: 0- /A  O L  

Job Number: H / 7 0 - / o  

Comments : 

ram HALF - 
FilterNumber: 

Description of Fi l t er :  / 4 ; &  

~ n i t i a l ~ o l u m e :  aW d m l  nil 

~ . t  volume: 230 ml ml m l  

Total 820: 

S i l i c a  G e l  
Final Volume: 9 9 

I n i t i a l  Volume 9 a SB, 19 9 g 

Met Volume 9 144.37 9 Q 

Description of Impinger Caeh: e 



DRY MOLECULAR lElGh I DETERMINATION ' 

;I'I.IIIG TlUE (21.hr CLOCK) fir - 3 
I;I'LlllC LOCATIOII &* o d l r f  S- 
illLE TY ~ ' ~ ~ I I ~ T E G R ~ T E D ,  COIITIHUOUS) 

--- 

JILY TICAL IIIETIIOD -+ 

.* 
, . 1 TOTAL I 

1 

- 

'IET 

3.4 

,3 c 
- 

. - 

2 

ACTUAL 
READING 

ACTUAL 
READING 

5.4 

17.0 

- -- 
12 

(IIE I' I S  ACTUAL 02 
.IIIIII~ wlrs ACTUAL 

n&nnlrrc) 
-- - 
(Hli r IS ACTUAL CO 
AIIIIIG MlIlUS ACTUAL 
I~EAUIIIG) 

(Illil' IS 100 MIHUS 

3.q 

R& 

a 3  

3 

5 ,  4 

,7,0 

I Illti. CO REAOlliC) 

AVERAGE 
NET 

VOLUI,IE 
ACTUAL 
REWING 

i3 

NET 
MULTIPLIER 

441100 

32/1oo 

2@/100 

MOLECULAR WElGllT OF 
STACK 6.45 (DRY Oh$ IS) 
. ldI Il/lb-mole 

-. 



cm f ? !  TLmT 

OIep gas aeeer 

=-  Sao. 1 3 -  eR 





, - ' average -=es=-s L-q ac=ats orifice &Z = 1~21163 ,.+, 

a@' r - 54.54 1 0 4  ($1 = 54-54 1 0 4  ((01 g = 1c/w33(615S Y.". 



Run N u d e r  

B a r a e  tric P r e s s u r e  
S t a t i c  P r e s s u r e  (Pa) 
F i l t e r  Nunber(a) 
P r e t e s t  Leak Rate - @&m)L(cf n \< i n .  Hg 
P r e  tes t P i  tot Leak Check 
P r e t e s t  Orea t Leak Check 
R : and Record a l l  Data Every - H i  nu tes 

FIELD DATA 
Probe tsngth and Type 
P i t o t  Tube I.D. No. 
Nozzle 1.0. 

- - 
Assumed Moisture ,  8 
Tenp. Readout 8/N 

T r a v e r s e  P o i n t  Layout 

Meter Box Number - - 
Heater Box S e t t i n g  
Reference  Ap 
Pomt % a t  Laak Rate  =I&/ cfm & in.  Hg 
P o s t  T e s t  P i  t o t  Leak Check 
Port ' I h m t  O r s a t  Leak Check 



SAMPLE RKlOVERY DATA 

Plant: 

D8te : 

Sampling Location: 

Sunple Type: 

Run Number: 

Sample Box Number: 

Job Number: 

Comments : 

Fil ter  Number: 

Description of Fi1t.r: 

Impingars 
Final volume: 5% 11 m l  m l  

In i t ia l  Volume: 8l d. m l  

N8tV01-: 246 11 m i  m l  

TO- H20: 

Si l i ca  G e l  
Final Volume : 9 9 

In i t ia l  Volume :XY : 9 g 

Met vo 1- Q 9 Q 

Total Moisture: 9, q 9  



8ALY TICAL METllOn 

I TOTAL . I 

1 

'IET 

4% 
1 2 ~ 8  

2 

ACTUAL 
REAOINC 

ACTUAL 
READIHG - - 

' 2  

111C 1' IS ACTUAL 02 
\I,IrIc UIIIIIS ACTUAL 
7 IlEAnlfl(;) - - 
(Illif IS ACTUAL CO 
'rl)lllG ttllflUS ACTUAL 
I:EAulrlr;) 

(11151' IS 100 h!lllUS 
i IlhL CO READING) - 

NET 

3 

44s 
1 7 ,  

AVERAGE 
NET 

VOLUPE - ACTUAL 
READING N E T  

MULTIPLIER 

44/1oo 

JZ/IW 

*'/loo 

28/100 

MOLECULAR WEIGIIT OF 
STACK GAS cony O A S I ~  
. Idd, IWlb-mole 



. - A  , . ._. - , - - -  -. 2 . 7  

-.-.- i , r .  - - . L---- 

FIELD DATA 
P l a n t  7 f S  Probe Iangth  and Type 5 MLrh,, I 

Date q - 2 9 . - * U  

Sampling Location 
Sample Type 3 s  
Run Number - a- t 
Operaboc Mn6 
Ambient ~ m p e r a t u t e  I 
DarametrLo P r e r r u r e  
S t a t i c  P r e r r u r e  (P, Q.C'L I 
F i l t e r  Nunber(r) f 0 0 1 -  To07 
Pretert Lark Rate -0- cfm a 17 i n .  Hg I 
P r e t e s t  P i t o t  Leak Check 
Pre,ter t Orsa t  Leak Check ~ . t  

I. 
Read and Record a l l  oa t a  E v e r y , - -  Winuter 

Amrumd Hoimture, p r )  - 

Tenp. Readout 8/H ~ s - s  
Weter Box Nuaber 9 s  - u  
Meter H, r. 

I C Paotor  x/P 
He ter Gamma 1. oP) 

I I lea te r  Dax S e t t i n g  fl  
Reference@ d# 

( ' P o r t  m a t  Leak Rate  - - cfn 9 - i n .  llg 
Schematia of Pos t  T e r t  P i t o t  U a k  Cheuk 

Trrverre P o i n t  Kavwt  Po. t l b m t  Ormat h a k  Chock 

Traverse 
P o i n t  
Number 
r,- r 

Veloci ty 
llead ( Pa 1 

i n .  Il,O - 
0.2 

pap- --c 

/C 1 ock 
Sampling / Tine  

Time, /l24-hour 
(min) / c l o c k )  
o / oP03 
-3 - -136 - 
7 - /r3726 
9' / 6 4 ? 7  
J 
/o I&?- 
A9 /o4cl'/' 
'j d / 0 4 3 7  

/ 
/ 

/ 
/ 
/ 

/ 
/ 

/ 
/ 
/ 

/ 
/ 

Gar Meter 
Readin1 

(V-1 f t  
r@&&o 
MY q L 7 .  

/ Y Y . ? ~ L  
rv-- 

/n./ 
/ I % t  
a&. Lo5 

- 

O r i f i c e  Pree. 
D l f f s r e n t i a l  

OGtT 

Stack  Dry Gar Meter Temp. 
Temp. I n l e t  O u t l e t  Pump 
(T,) T ) (TmOut) O F  Vacuum 

O F  i n  i n .  llg 
- o 

C 

( Ill 
Deeired 
o 7~ 

i n .  1120 
Actual  
0.7< 

0 . 2 9  
P H R  

0- t7 

Sample 
Box Temp. 

F i l t e r  
Temp. OF 

7 7 1  I Y 

d.7( 

7-75 t 

d .X  

----- 

o.)( 
W 

u.7< 
0 . 7 5  

In- 
p i n g e t  
Temp. 

O P 

- 

. L  

2 2 0  

I 

- 

74 

61 

T4' 0 I&, / 

(&-& tho 

- 
v ' q d S  



Run Number - 
Operator  
Ambient ~ e n p e r a  ture' 

iJb 
Baroae t r l o  Preanure  29 - 2 
S t a t i c  P re s su re  (PI) 0 . 0 0  
F i l t e r  Number(a&-g " 
P r e t e s t  b a k  Rate  -o.casdcfm I /a i n .  Ilg 

7 

Pre  tea  t P i  t o t  Leak Check 9 4  
P r e t e s t  O r r a t  Leak Clteck ,Jfl 
~e.6 and Record a11 Data &ery - 11, ~ m t e s  

FIELD DATA 

S c h e r a t i o  of  
Traveree P o i n t  Layout 

Ptoba Length and Type 
P l t b t  mbb 1.D. 110 
Nozzle I.D. $4- 
Assumed )(of r t u r e .  t A/n 
Temp, Readout S /N - 41 
Meter Box Number - 
Meter 110 ~ 5 Y f  
C Faotor  I & 
Me te  r Gamma 1. 4903 
l l e a t e r  Dox S e t t i n g  ,b4 
Reference J& 

Poet  m a t  f s a k  R a t e  - - cfm 0 - i n .  Ilg 
Poet  T e s t  P l t o t  t e a k  Cheok 
P o r t  met  O r s a t  faak Check 

/Clock O r i f i c e  Pree.  S t ack  Dry Gaa Meter Temp. Sample 
Traverae Sampli ng / Tlme Cae Heter Velooi ty  D i f f e r e n t i a l  Temp. I n l e t  O u t l e t  Pump Box Temp. 

P o i n t  T i ,  /(24-hour read in^ Ilead ( Pa)  ( 11) i n .  1120 (T,) (T,, ) *I (Tm ) *F Vacuum F i l t e r  
Number (min) / c l o c k )  ( V  ) f t  i n ,  Il,0 Desired Actua l  *F i n  o u t  i n .  Ilg Temp. .P 

0 / I'%J$~%P= (3 ,  L/Z . 2 26 7 J r& j/ Gj 
&I. 3 0 c 

-- 

/ V 

/ 

I m -  
p i n q e r  

Temp. 
*F 

--- 

/ 
/ 
/ 
/ 

/ 
/ 

/ 
A- 
.A. 

/ 
/ 
/ 
/ 
/ 

- 

=.bz 7% 6 7  'G /1-- 



FIELD DATA 

- - 
Sample Type - & M i l  

Run Number 
Operator  P 

Ambient Tanpera ture  
B a r a e  tric P r e r r u r e  
S t a t i c  P r e r r u r e  (Pa ) 
F i l t e r  Numbet(r1 
P r e t e r t  Leak Rate =&cfm @ i n .  Hg 
Pre tea t Pi  tot Leak Check 
Pretest Orqa t Leak Check 
R : and Record a l l  Data Every - H i  nu tee 

- 
Schematic of 

Traveree P o i n t  f a y o u t  

Probe Length and Type 
P i t o t  Tube 1.0. N o *  
Nozzle I.D. 
Asaunsd Moisture,  
Temp. Readout S/N 
Hater Box Number - - -  

Meter A H ~  I #  < V 9  _ - 
C Pactor  
neter Gamma 

Reference b p  
Po8 t mat Leak Rate = e m  @ s n .  Hg efl 
Pos t  T e s t  Pi t o t  Leak Check I- 

P o s t  T a r t  O r r a t  Leak Check 



P l a n t  

Run Number 

Ambient Tenpera ture  1 
Barare  tric P r e s s u r e  
S t a t i c  P r e s s u r e  (P, 1 

-- 

F i l t e r  Number(8) 
P r e t e s t  Leak Rate = c f n  a i n .  Hg 

-- 

P r e  tes t P i  tot Leak Check 
Pre tes t Orqa t Leak Check 
R : and Record a l l  Data W r y  - M i  nu tes 

FIELD DATA 
Probe Length and Type 
P i t o t  Tube I.D. No. - -~ - - . - -. - . 
Nozzl. 1.0. 
Assumed Moisture.  8 

Traverse  P o i n t  Layout 

- - -  

Temp. Readout s / i  
Meter Box Number 
Meter AHe / I  5y% - - 
C Pactor - -- - - 
Meter G a n ~  I e u 1 3  3 
Heater Box setting' 
Reference Ap 
Fort T b m t  Leak Rate = - c f n  a - i n .  Hg 
P a t  T e s t  Pi to t  Leak Check 
Pos t Tea t  Oreat Leak Check 

/Clock O r i f i c e  Pres .  S t ack  Dry Gas He te r  Tamp. Sample 
T rave r se  Sampling / Time Gas Meter Veloc i ty  D i f f e r e n t i a l  Temp. I n l e t  O u t l e t  Pump BoxTenp. 

P o i n t  T i m ,  /(24-hour R e s d i m j  Head (bps) (AH) i n .  H 7 0  (Ts) (Tm OF ( T  1 OF Vacuum F i l t e r  
i n  , # i n .  Hg Temp. OF 

~ ~ ~ ~ 7 7 -  : C- 

3 %  1 I "  

In- 
p i n g e r  

Temp. 
,OF 

+. 

. 

- 

-.- 

/ 
/ 
/ 
/ 
/ 
/ 
/ .  

--- / -  
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
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-lMETllC PRESSURE. ih Hg 
.2K GAUGE PRESSURE, in. H20 

ZrlATORS -361 
A G C C L ~ '  

SCHE#ATIC OF TRAVERSE POINT LAY OUT 

I AVERAGE I 



ENGIMEERIIIO-SCIEMCE 
IABOMTORY T I S T  REPORT 
ASPHALT ?A170 

M C X  IUW CHLORO?ORM/ETIIER EXTMCTIOMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U S I D W E  ( g )  820 VOLlH4E(rl8) MET = s f D = ( g )  

METHOD 5 ACCTOHE RESIDUES . . . . . . . . . . . . . . . . . . . . . . . . .  
W S I D U E ( g )  VOLUME (mlm) MET RCSIDUE(g) 

DLWK ACETONE 0.0011 
a c ~ m ~ ~ / n s - i  0.0234 
ACETOJm/nS-2 0.0661 
ACETONE /MS -3 0.0179 
acrcrorrt/ns-r 0.0227 

METHOD 5 ?IL-R R8SIDUES . . . . . . . . . . . . . . . . . . . . . . . .  
RESIDUE (g) 









U. S. EPFI 
PQRTICULQTE CRLCULQTIONS 

RUN NO. 1 

P L a N T  : TDPS 
DRTE : 4-28-88 
SFIMP'. LOCf iT ION : STRCK 
OPERRTING COND.: BRCK HRLF-CHLOROFORM/ETHER EXTRRCTION DRY DOWN 

SRMPLE T I M E  - 60.0 m i n .  I NOZZLE DIR.  = 0.249 in. 
BQR. PRESSURE = 29.80 i n . H g  I NOZZLE RRECI = 0.0d8338 Sq.Ft.  
STK. PRESSURE - 29.80 i r r .  HQ I METER O R I F I C E  = 0.667 in. H Z 0  
EFF. STFICK QRER = 14.08 Sq.Ft .  I METER VOLUME 29.708 Cu. Ft. 
CP = 0.84 I METER TEMP. = e r  4ci3 DEU. R 

GRS QNRLYSIS 4.7 % CO2 I STQCK TEMP. = 716 DEG. R 
12. 3 % 02 I SQ. RT. dP a 0.543 in. Hi20 
0.0 % CO I COND. ( V i c )  - - 388.7 m l  

83.0 % N2 I METER Y 1. 81211 
L# CINQLYSIS = 0.0287 grams I HEQT I N P U T  - - *** MM S t u / h r  

f F-FRCTOR 30 3760 dscf/MM bt 
...................................................................... 

V w t s t d )  = 0.04707 x V i c  = 14.331 scf 

V m ( ~ t d )  = 17.647 w Vm x Y w ( P b  + (dH / 13.6)) 
/ (Tm) = 29.920 scf  

B w s  = V w t s t d )  / ( V m ( s t d )  + V w t s t d )  - - 0.327 

XEQ =(%O2 - 0.5XCO) / (B.E!64%k2 x (SO2 - 0.5%CO) = 0.046 

I = (TO) x f(0.00267 x V i c )  + ( V r n ( s t d )  / 17 .64713  
x 100 / ( T i m e  x PI x fin x vr x 60) P 131.5 % 

...................................................................... 
es = 15.432 x grams / V r n t s t d )  = 0.0187 g r a i n s / d s c  



U. S. EPFI 
PFIRTICULRTE CRLCULRTIONS 

RUN NO. 1 

PLCINT : TDPS 
DQTE t 4-28-88 
MMP. LOCCITION r STQCK 
OPERFITING COND.: FRONT HCILF-FILTER RND RINSE, DRY DOWN 

SCIMPLE T I M E  = 60.0 m i n .  I NOZZLE DIFI. P 0.249 in. 
BCIR. PRESSURE = 29.80 in. HQ I NOZZLE FIREFI 6 0.000338 Sq.Ft. 
STK. PRESSURE = e9.60 in. Hg I METER O R I F I C E  0.667 in. HZ0 
EFF. STFICK FIRER = 14.08 Sq. Ft. 1 METER VOLUME = 29.708 Cu. F t  . 
CP = 0.84 I METER TEMP. IP 323 DEd. R 
GRS FINFILYSIS = 4.7 % CO2 I STRCK TEMP. r: 716 DEG. R 

12.3 % 02 I SQ. RT. dP = 0.543 in. H Z 0  
0.0 % CO I COND.(Vic)  = 308.7 ml 

83.0 % N 2  I METER Y = 1.001 
LQB RNFILYSIS = 6.0578 a r a r n s  I HEGT INPUT = +*Y MM B tu /h r  

I F-FCICTOR P 9700 d s c f / M M  B t  
...................................................................... 
V w ( r t d )  = 0.04707 x V i c  = 14.531 scf 

V m ( r t d )  = 17.647 x Vm x Y x (Pb + (dH / 13.6) ) 

/ (Tm) 1 29.920 scf 

B w r  = V w ( s t d )  / ( V m ( s t d )  + V w t s t d )  r 0.327 

M s  = (Md x ( 1 - B w r ) )  + (18.0 x Bws)  = 23. 57 

vs 85.49 x CP x (Sq. R t .  dP) w CSq. Rt .  t T s )  
/ (MI x Ps)J - - 37. B f t /sec 

1 - (TI) w L(0.00267 x V i c )  + ( V m ( s t d )  / 17 .64713  
x 100 / ( T i m e  x PI x FIn x v r  x 60) 3~ 131.5 % 

...................................................................... 
cr = 15.432 x g r a m s  / V m t r t d )  = 0.0298 g r a i n d d s c  



U. S. EPFl 
PFIRTICULRTE CRLCULRTIONS 

RUN NO. 1 

PLFINT : TDPS 
DRTE r 4-28-88 
SC)HP. LOCRTION : STRCK 
OPERFIT I N G  COND. : TOTRL 

SMPLE T IME = 60.0 min. I NOZZLE DIR. n 0.24'3 in. 
BRR. PRESSURE = 29.80 in. HQ I NOZZLE QREQ = 0.000338 Sq.Ft. 
STK. PRESSURE = 29.80 in. Ha I METER O R I F I C E  SJ 0.667 in. he0 
EFF. STRCK RRER = 14.08 Sq. Ft. I METER VOLUME = 29.788 Cu. Ft. 
CP 0.84 I METER TEMP. s 523 DEG. R 
BRS QNFILYSIS = 4.7 X CO2 I STRCK TEMP. I 716 DEd. R 

12.3 X 02 I SQ. RT. dP re 0.543 in. H2O 
0.0 X CO I COND. ( V i e )  = 308.7 m l  

83.0 % W I METER Y 31 1.001 
LRB RNRLYSIS = 0.0785 grams I HERT INPUT = +)c* hM bt  u/hr 

I F-FCICTOR = 9780 d s c f / M M  E t  
************************************#********************************* 

V w ( r t d )  - 0.04707 x V i c  = 14.931 scf 

B w r  = V w ( s t d 1  / ( V r n t r t d )  + V w ( r t d 1 )  3 0.327 

vo = 85.49 x CP x (Sq. R t .  dP )  x CSq. Rt.  ( T s )  
/ (Me x P s ) 3  = 37.0 f t / r e c  

cr = 15.432 x grams / V m ( s t d )  = 0.0405 p r a i n r / d o c  



U. S. EPF) 
PQRTICULRTE CF)LCULRTIONS 

RUN NO* 3 

PLQNT : TDPS 
DATE t 5-2-88 
SQMP. L0CF)TION : STWK 
DPERRTING COND.: BQCK HALF-CHLOROFORM/ETHER EXTRRCTION DRY DOWN 

SQMPLE T I M E  = 95.0 min.  I NOZZLE DIR. P 0.249 in. 
BQR. PRESSURE = 29.80 in. Hg I NOZZLE RRER = 0.000338 Sq. F t  . 
STK. PRESSURE = 29.80 in. Hg I METER ORIF ICE 1.258 in. HZ0 
EFF. STRCK QREQ = 14.00 Sq. Ft. I METER VOLUME 35.638 Cu. Ft. 
CP = 0.84 I METER TEMP. Sir0 DEG. R 
GRS QNRLYSIS = 3.4 % CO2 I STRCK TEMP. - - 718 DEG. R 

13.6 % 02 I SQ. RT. d P  P 0.854 in. H2O 
0.0 % CO 1 COND. ( V i c )  = 244.4 rnl 

83.0 % 2 I METER Y = 1.081 
LRB QNRLYSIS = 0.0311 grams I HEAT INPUT r +*+ MM E t u / h r  

I F-FRCTOR P 9700 d s c f / M M  Bt 
...................................................................... 
V w l r t d )  = 0.04707 n Vic = 11.504 sc f  

Bws  = V w ( r t d )  / ( V m ( s t d )  + V w t s t d ) )  s 0 .241  

XER = ( S O 2  - 0. SXCO) / (0.264XN2 x (SO2 - 0. 5XCO) = 0 .046 

vs 89 .49  x CP x (Sq. Rt. dP) x CSq. Rt. (Ts) 
/ (MI x P r ) l  = 57.2 f t / sec  

f = (7s) x C(0.00267 x V i c )  + (V rn (s td )  / 17.647) 3 
x 100 / ( T i m e  x Ps x R n  x vs x 60) .C 102.0 % 

********************************************w+************************ 



U. S. EPR 
PRRTICULRTE CGLCULQTIONS 

RUN NO. 3 

PLRNT : TDPS 
DRTE : 5-2-88 
SRMP. LOCfiTION t STRCK 
OPERQTING COND.: FRONT HRLF-FILTER RND RINSE, DRY DOWN 

SQMPLE T IME - 55.0 min .  I NOZZLE DIR. = 0.249 in. 

BRR. PRESSURE = 29.00 in .Hg  I NOZZLE RRER = 0.0d0338 Sq. Ft. 
STK. PRESSURE = 29.80 in. HQ I METER O R I F I C E  = 1.258 in. He0 
EFF. STRCK GRER = 14.08 Sq. F t  . I METER VOLUME a 35.638 Cu. F t  . 
CP = 0.84 I METER TEMP. P 520 DEG. R 

G a s  RNRLYSIS m 3.4 % C 0 2  t STQCK TEMP. ir 718 DEG. R 
$3.6 % 02 I SQ.RT. d P  = 0 .834 in. HZ0 
0.0 % CO I COND. ( V i e )  1C 244.4 r n l  

83.0 % N2 I METER Y s 1.001 
LRE RNRLYSIS = 0.0253 grams I HEQT INPUT = *++Y MM Btu/hr 

I F-FQCTOR r; 9780 d s c f / h N  B t  
...................................................................... 
V w ( s t d 1  = 0.04707 x V i c  = 11.504 ocf 

Bws  = V w ( r t d )  / ( V r n t r t d )  + V w t s t d ) )  P 0 .241  

vs = 85.49 x CP x (Sq. Rt. dP) x tSq. Rt. (TI) - 
/ (MI x P t ) l  P 57.2 f t / r e c  

I = (TI) x t(0.00867 x V i c )  + ( V m ( r t d )  / 17.64713 
x 100 / ( T i m e  x PI x R n  n vs x 60) = 102.0 % 

...................................................................... 
cs - 15.432 n prams / V m t o t d )  = 0.0100 g r a i n s / d s c  



U. S. EPR 
PRRTICULRTE CRLCULRTIONS 

RUN NO. 3 

PLRNT a TDPS 
DFITE r 54-88 
MMP. LOCFITION t STRCK 
OPERRTING COND. r TOTRL 

SCIMPLE T IME = 55.0 min. I NOZZLE DIFI. s 0.249 in. 
BFIR. PRESSURE = 29.00 in .Hg I NOZZLE FIREC) = 0.000338 Sq. F t  . 
STK. PRESSURE = 29.80 in. Hg I METER O R I F I C E  1.258 in. H2O 
EFF. STFICK FIRER = 1 4 - 0 8  Sq, Ft, I METER VOLUME = 35.658 Cu. Ft. 
CP - 0.84 I METER TEMP. - - 520 DEG. R 

GRS RNQLYSIS 3 3.4 X COE! I STFlCK TEMP. = 718 DEG. R 

13.6 % 02 I 8 .  T dP P 8.834 in. Hi20 
0.0 X CO I COND. ( V i c )  = 244.4  rnl 

83.0 X N2 i METER Y = 1.001 
LRB QNRLYSIS = 0.0564 grams I HEhT INPUT n +.** hM B t u / h r  

I F-FQCTOR P 9780 d s c f / M M  Bt 
********************************************************************** 
V w ( s t d )  = 0.04707 n V i e  = 11.904 sc f 

BWS I V w t ~ t d )  / ( V m ( ~ t d )  + V w ( ~ t d ) )  = 0 . 2 4 1  

%EFI = ($02 - 0. S%CO) / (0.264XN2 x ( X 0 2  - 0. s%CO) 1 = 0.046 

M d  mt .44  x XCO2)+(.32 n %02)+C.28 x (ZN2  + %CO)I  = 29.03 

cr = 15.432 x grams / V m ( r t d )  P 0.0241 g r a i n s / d s e  



U. S. EPQ ' 

PRRTICULRTE CGLCULQTIONS 
RUN NO. 4 

PLCINT a TDPS 
DRTE : 5-2-88 
SRW. LOCQTION r STRCK 
OPERRTINO COND.: BQCK HRLF-CHLOROFORM/ETHER EXTRRCTION DRY DOWN 

GCIMPLE T I M E  = 60.0 m i n .  I NOZZLE DZR. - - 0.243 in. 
BQR. PRESSURE = 529.80 in. Hp I NOZZLE FIRER = 0.0@0338 Sq.Ft. 
STK. PRESSURE = 29. ~ Q I  in. Hg I METER O R I F I C E  = 0.983 in. HZ0 
EFF. S T E K  FIRER = 14.08 Sq. Ft. I METER VOLUME = 34.642 Cu. Ft .  
CP = 0.04 I METER TEMP. - - 323 DEG. R 
GRS RNRLYSIS = 4.8 % CO2 I STQCK TEMP. I 697 DEG. R 

129 8 % 02 I SQ. RT. dP = 0.759 in. H Z 0  
0.0 % CO 1 COND. ( V i e )  = 279.5 ml 

82.4 % N2 I METER Y = 1.081 

La8 FINRLYSIS = 0.0967 grams 1 HEQT I N P U T  s *** MM Btu/hr  
I F-FFICTOR = 9788 dscf/hM B t  

...................................................................... 
V w ( r t d )  5 0.04707 x V i c  = 13.156 scf 

V r n t r t d )  = '17.647 x Vm x Y x (Pb + (dH / 13.6)) 
/ (Tm) = 34.5369 scf 

B w r  = V w ( s t d )  / ( V r n ( r t d )  + V w ( s t d ) )  = 0.276 

XEQ =(%OZ - 0.5ZCO) / ( 0 . 2 6 4 1 N 2  x (SO2 - 0.5%CO)) 0.046 

Q s ( s t d ) = Q s  x ( l - B w r ) x ( 5 2 8 / t T ~ ) )  x (Ps/29.92)= 23678 dscf / m i n  

1 = (TI) x Ci0.00267 x V i c )  + ( V r n ( r t d )  / 17.647)l 
x 100 / ( T i m e  x P s  x Qn x VI x 60) a 101.4 . % 

...................................................................... 



U.S. EPFI 
PRRTICULQTE CQCCULFITIONS 

RUN NO. 4 

PLnNT t TDPS 
DRTE t 5-2-68 
SCIMP. LOCFITION t STnCK 
OPERRTINB C0ND.t FRONT HRLF-FILTER RND RINSE, DRY DOWN 

SCIMPLE T IME = 60.0 min. I NOZZLE DIQ. P 0.249 in. 
BGR. PRESSURE - 29.80 i n . H g  I NOZZLE RREa 3 0. ad0338 Sq. F t . 
STK. PRESSURE = 29.00 in. Hg I METER O R I F I C E  = 0.983 in. HZ0 
EFF. STOCK FIRER 3. 14.08 Sq. Ft. 1 METER VOLUME = 34, 642 Cu. F t  . 
CP = 0.84 I METER TEMP. = 32'3 DEG. R 
GFIS aNRLYSIS 4.8 X CO2 I STFICY, TEMP* = 697 DEG. R 

12. 6 % 02 I Sam RT. dP P 0.755 in.  H20 

0.0 % CO 1 COND. ( V i c )  = 273.5 rnl 
82.4 X NZ I METER Y ID 1.001 

L Lm FINFILYSIS = 0.0258 g r a m s  I HERT INPUT = +** MM B t u / h r  
I F-FRCTOR = 9788 d s c f / h M  Bt 

...................................................................... 
V w ( r t d 1  - 0 .04707  x V i c  = 13.156 scf 

V r n t s t d )  = '17.647 x Vm x Y x (Pb + (dH / 13.6)) 
/ (Tm)  = 34.56'3 sc f 

vs 85.49 x CP x (Sq. Rt .  dP) x CSq. R t .  (Ts) 
/ (Ms x P s ) ~  = 51.3 f t /%ec 

I 

cs = 15.432 x p r a m s  / V m ( r t d )  = 0.01 15 gra ins /dsc  

p r a i n r / a c f  = c r  x 17 .647xPs x (1-Bwr)  / ( T s )  = 0.8063 grainc/acf 

C - cr / 7000 = 1.65E-06 lbs/dscf 



U. S. EPR 
PRRTICULRTE CQLCULFITIONS 

RUN NO. 4 

PLCINT r TDPS 
DRTE r 5-2-88 
W P .  LOCFITION : STRCK 
OPERRTING CQND. r TOTRL 

SRMPLE TIME = 60.0 m i n .  1 NOZZLE DIR. s 0.249 in. 
ERR. PRESSURE = 29.80 in.Hp I NOZZLE RREQ I 0.000338 Sq. Ft  . 
STK. PRESSURE = 29.80 in. Hg I METER ORIFICE 0.983 i n. HZ0 
EFF. STRCK RRER = 14.08 Sq. Ft. I METER VOLUME = 34.642 Cu. Ft. 
CP - 0.84 I METER TEMP. L 529 DEG. R 

GRS FINRLYSIS = 4..8 X CD2 I STCICK TEMP. s 697 DEG. R 

12.8 % 02 1 SQmRT. dP 3 0.755 in. HZ0 

0.0 % CO 1 COND. ( V i c )  P 279.5 m l  
82.4 % N2 I METER Y = 1.081 

LfiB RNFILYSIS = 0.1228 g r a m s  I HERT INPUT r +*)c hM B t u / h r  
I F-FUCTOR .I 9786 d s c f / M M  B t  

********************************************************************** 
V w t s t d )  = 0.04707 x V i c  = 13.156 PC f 

V m t s t d )  = 17.647 x Vm x Y x ( P b  + (dH / 13.6)) 
/ (Tm) = 34.569 rcf 

v c  = 09.49 x CP x (Sq. Rt.dP) x CSq. Rt .  (TI) 
/ (Mo x P s ) 3  P 51.3 ft/sec 



FIELD MTR FORM --------------- 

I. INPUT DRTR 

RUN 4b 
1 

NET METER VOLUME (CU. FT. ) a 29.708 
CONDENSRTE V O L U ~  m 1 ) t 308.7 

LRB M & Y S I G  ( p )  a 0.0785 

I f .  FIELD HTC) 

POINT 
NO. ----- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
el 
22 
23 
24 
25 
e6 
27 
28 
29 
3@ 
31 
32 
33 
34 
3s 
36 
37 
38 
39 
40 
41 
42 

STRCK TEMP. 
delta P d r l t a  H (F) ------- ------- ------- 

0.30 0.68 eS0 
a. es 0.6s 238 
0.30 0.68 eS6 
8.28 0.63 257 
0. 30 0.60 eS6 
0.30 0.68 esg 

I 1. i'NumLock3 to enter 
I data. Turn off  t o  
I move cursor. 
I 2. {Ctr l  ><Break3 after 
I data entry. 
I 3 . C R l t ) M  for next run. ------------------------ 

Tm 
Out l e t  

(F) 
SO. RT. 

dP ------- 
0.548 
0. 339 
8.548 
0.529 
0.548 
0.548 
0.060 
0.000 
0.0d8 
0.000 
0.0d0 
0.800 
0.088 
0.000 
0.08QI 
0.808 
0.0d0 
0. 08s 
0.0~30 
0.888 
0.0d0 
0.068 
8.0d0 
0.000 
0.0@8 
0.008 
0.0d4r 
0.0(E8 
0.8d@ 
0.080 
0.0d8 
0.088 
0.0d8 
0.008 
0.8d0 
6. @0QI 
0. a@@ 
0.088 
0.0d0 
0.088 
8. 8d0 
0. suls 



0.060 
0.000 
0.000 
0.000 
8- 000 
8.000 
8.800 
0.000 
0- W0 
0.880 
0. 0510 
0.080 
0.860 
0.000 
0. -0 
0.000 
6.0d0 
0.000 

rq. rt. dP 
0.543 



FIELD HTCI FORM --------------- RUN Y 
3 

1. INPUT DBTF) 

NET METER VOLUME (CU, FT. t 35- 638 
CONDENSRTE VOLUME ( m l ) a  244.4 

LBB RNCILYSIS ( p ) a  8.8564 

11.  FIELD DQTCI 

POINT 
No. ----- 

1 
2 
3 
4 
S 
6 
7 
e 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
92 
23 
24 
25 
86 
27 
28 
e9 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 

d e l t a  P ------- 
0.72 
0 . 7 1  
0.78 
8. S2 
0.72 
0.74 

d e l t a  H ------- 
1 . 3 8  
1 . 2 8  
1 . 4 0  
8.94 
1-30 
1 . 3 3  

STCICK TEMP. 
F ------- 

259 
e69 
954 
250 
2S6 
262 

I 1. (NurnLock) to  mntor- 
I d a t a .  Turn off to 
I move curmor. 
I e. ( C t r l 3 C B r e a k 3  af ter  
I d a t a  mnfry. 
I 3 .CRlt3M for n e x t  run.  ........................ 

Tm Tm 
I n l e t  Out 1 et 

(F) (F) ------- ------- 
56 56 
59 56 
6 1  58 
64 59 
64 60 
66 63 



0. sa0 
0.000 
0.000 
0.000 
0. 000 
0.000 
0. m0 
0.000 
0.000 
0.000 
0.00s 
0.000 
0. ad0 
0. 000 
0.080 
0.000 
0.860 
0.000 

rq. rt. dP 
0.834 



FIELD DRTR FORM --------------- 
I. INPUT DATA 

RUN I) I 1. CNumLock) to enter- 
4 I data. Turn o f f  t o  

I move curror. 
I e,iCtrl>iBrmak3 after  
I data entry. 
I 3miQlt3H* ------------------------ , NET METER VOLUME t W. FT. t 34.642 

CONDENSATE VOLUME t m l  ) a e79. 5 
LRB ~ J ~ L Y S I S  ( p ) t  0.zeea 

11. FIELD DCSTR 

POINT 
NO. delta P ----- ------- 

1 0.42 
2 0.46 
3 0. 57 
4 80 66 
5 00 66 
6 8.68 
7 
8 
9 

10 
11 
1e 
13 
14 
15 
16 
17 
r e  

. 19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3s 
36 
37 
36 
39 
40 
41 
42 : 

delta H ------- 
8.72 
8.79 
8.97 
1.13 
1.13 
1.16 

ST- TEMP. 
( F )  ------- 

21 1 
e37 
e4 1 
e45 
245 
e45 

Tm 
I n l r t  

tF) ------- 
65 
66 
68 
71 
73 
75 

Tm 
Out l e t  

(F) 
SO. RT. 

d F' 



0.0d0 
0.000 
0.0d0 
0.000 
6.W0 
0.880 
6.000 
0.880 
0.8d0 
0.000 
0.8d0 
0.000 
8.860 
8.000 
0.000 
0.000 
6. B60 
0.000 

rq. rt. dP 
0.755 



FOR IMPINGER SAMPLE GRAVIMETRIC ANRLYSIS 

Purpose: Prwide a method for extraction of hydrocarbon from a water 

8ample. 

Apparatus: Separatory funnel (11) with glass stopper 
Tape mighed beakers (250 Idle) 

Filter funnel 

Filter paper (whatman 541) 

Reagants: Chloroform (analytical grade) 

Diethyl ether (analytical grade ) 

Method: Decant sample into separatory funnel and wash container with 25 
mls of chloroform, which are then added to the funnel. The funnel 
is shaken for one minute and the layers a l l 4  to separate. Thc 

bottom layer (chloroform) is decanted through a 541 filter paper 

into the weighed beaker. The operation is repeated with 2 more 25 

ml portions of chloroform. Finally, the filter paper is washed 

w i t h  10 mls of the solvent. 

me sanple container is washed w i t h  25 mls of ether which is added 

to the sep. funnel. Another 25 mls of ether are added directly to 
the sep. funnel and then is shaken for 1 mimte. The layers are 
allowed to settle after which 50 mls of ether are added again to 

the sep. funnel and shaken for 1 minute. When the layers have 

separated, the bottom layer is discarded, and the top layer is 
passed through the filter into the beaker. The filter is washed 
with 10 mls of either and the beaker is allowed to dry at room 

temperature. Following desication for 24 hours, the beaker is 

weighted to constant weight, i .e. , *0.0005gf between consecutive 
readings not less than 6 hours apart. Subtraction of the tape 

weight from the final weight yield solvent extractable 

hydrocarbons. 



APPENDIX C 

BAG NaLYSIS REsmTS 
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CLIENT: TDPS Materials 

CLIENT P.O. NO: N/A 

SITE: Philadelphia, PA 

APPLICATION: Mixer Collector 

CLIENT CONTACT: Vincent Angelo BAG a P E :  14 oz. Nomex Felt 

BTS CONTRACT NO: 88-831-L BAGBOUSE TYPE: Pulse Jet 

DATE: May 5, 1988 DUST: N/A 

- BACKGROUND: ETS, Inc. received one used Nomex felt bag from TDPS 

Materials on April 19, 198*.. 

OBJECTIVE: The objective of testing was to characterize the overall 

condition of the bag. 

TESTS PERFORMED: The following tests were performed: 

- Permeability 

- Tensile Strength . 

- Mullen Burst 

- Microscopics 

SUMMARY OF RESULTS 

PBRMEABILITY 

The as received permeability of the bag averaged 3.8 cfr/ft2 

(FPM). After vacuuming the fabric at 10" and 30" W.C., the average 

permeability increased to 7.5 FPM and 16.2 FPM, respectively. In 

all cases. the permeability of the riddle section of the bag.was 

considerably lower (up to 50% lower) than that of the remainder of 

bag (see Table I). 



STRENGTH 

The average bursting strength of the fabric was 408 psi. The 

tensile strength averaged 53 lbs/inch in the warp direction and 133 - 
lbs/inch in the fill direction. 

MICROSCOPICS 

The collection side fabric was covered with a relatively light 

residual dust cake, witb at least 30% of the fabric surface still 

visible. The dust cake consisted of agglomerations of fine black 

and clear particulate, with particle sizes ranging from 5 to 50 

microns in diameter. 

The non-collection side fabric had a moderate amount of fine, 

clear particles of 5-15 microns size clinging to individual fibers. 

The cross-section of the fabric appeared to be clean, with no 

apparent signs of dust penetration from the collection side to the 

non-collection side. 

CONCLUSIONS 

Based on typical 14-0z.-Nomex values, the strength properties 

of the bag appear' to be at satisfactory levels. Comparison of the 

result. to actual new fabric specifications should be made to 

determine actual strength retentions. 



The overall permeability recovery also appears satisfactory. 

Once again, direct comparison to the actual new bag permeability 

mhould be made. - 
The wide variation in permeability between the middle third of 

the bag and the remainder of the bag may suggest uneven cleaning, a 

strat5fied dust loading, or previous upset conditions. 

Microscopic observations of fine particulate on the inside 

fabric of the bag suggests a possible dust leakage problem. Since 

no significant dust was observed in the fabric cross-section, it is 

not likely that the dust on the clean side of the bag came directly 

through the fabric from the collection side. Possible sources of 

this dust would include failed bags in the baghouse, pinholes in the 

bags, or tubesheet leakage. It is recommended that a leakage test 

with a fluorescent powder be conducted to determine the actual 

so-urce. 

WRITTEN BY: >- 
J a w s  Wrig 



TABLE I 

SUMMARY OF FABRIC FlLTER TEST D6TA 

P.O. No. : N/R Bag Hater ia l  z 14 O z .  Ncmen - 
Contract No.8 08-831-L Bag Condition: Used 

ETS Specimen No. : 3494DB Fabric w t . ,  oz/ydz: 19.5 After 3OWvac. - 
Customer No. : None Type of Weave: F e l t  - 
Customer: TDPS Date: 4/26/88 

PERMEABILITYI FPM 

1. As Received 

2. After 10 i n .  Vac. 

3. After 30 i n .  Vac. 

Mullen Burst, PSI 

I .  Tensi le  Warp l b / i n  

2. Tensile F i l l  l b / i n  

3. M I T  Flexes, Warp 

4. WIT Flexes, F i l l  

*Typical values f o r  14-02. Nomex f e l t .  Actual values may vary.  





PfiNNSYLVANIA AIR POLLUTION RMUUTK)NS 

(1) Table (Continued) 

Primary zinc p r d w l k .  
R a r l h Q  
Sintainl - wi ndbor 
Zinc rodmion 

Sccondrry alumimrn 
Snrains 
M t h m ~  and r c f ~ n i l  

kur and konrc prodvclion 
(aultiq and d ~ n i q )  

Im lwndry: 
klrUn#; 

Five tan pr hour and kw 
More lhaa f c  t a u  pet boar 

Sand kndl iw 
ShrLc.out 

Soadrr) k.6 d d l y  
SronQry ~ n a i u r n  
W t y  rim MCL~W 

swac i r l  
Wid y 

k p l u h i c ~ ~ ~ m e  padvecirn 
kphrll rodiw manulaauricu: 

(klt ntuntian) 
M k n d  ermcnl rnamlmctrr i~ 

Clinker production 
C I i i  coding 

Corl dryekrning 
Lime ukinins 
Rtrdcum refinins 

(caulsic cracking) 

I M (iron) 
so(im) 
10 (r J) 
20 (ad) 
W(Ilrdml 
a2 (-1 

I s o ( d r y ~ i d ,  tad) 
w(probucl1 . 
2 (podw) 
200 (prodw) 

ro (Wid lad)  

hcwd, blown. and spun 81- &m SO (Fin) 
production mehi- lutaracl SO WI) 

(2)  .Formula o.a 
A = 0.76E when: 
A - Allowable emiccionr in Ik./hr 
E = Emission index - F x W Ik./br. 
F = Proceu factor in Ik./wril, and 
W = Production or cbr* rate in wits/br. 
The factor F hall k obtriad frm Ike table in pur- 

graph (I) of this subrectioa. Tk unitr for F md W rbrll 
be compatible. 

(3) AIIowoble emluioa.  Allowabk missions under 
this subsection are graphically indicated in Appendix B 
to this chapter. 

(c) For processes not listed in subsection @)(I) of tbis 
section including but not limited to coke oven battery 

waste hut  stacks and autogeneous zinc coker waste heat 
stacks. the following shall apply: 

(1) Prohibited emissions. No person shall cause, suffer, 
or permit the emission into the outdoor atmosphere of 
puticulate matter from my process not listed in subsec- 
tion (b)(I) of this aection in such 8 manner that the con- 
centration of particulate matter in the emuent gas, at my 
time, e x d s  any of the following: 

( i )  0.04 grains per dry standard cubic foot, when the 
emuent gas volume is less than 150,000 dry standard 
cubic f a t  per minute. 

(ii) The rate permined by the formula: 
A - 6000E- , where: 
A = Allowable emissions in grains per dry standard 

cubic foot, and 
E Effluent gas volume in dry standard cubic feet per 

minute, 
when E is qua1 to or grater than 150,000 but less than 
300,ooo. 

(iii) 0.02 grains per dry standard cubic foot, when the 
emuent gas volume is greater than 300,000 dry standard 
cubic feet per minute. 

(2) Allowable emissionr. Allowable emissions under 
this rubsection arc graphically indicated in Appendix C 
to this chapter. 

SULFUR COMPOUND EMISSIONS 
9123.2r. G m d .  

(a) This s t i o n  shall apply to d l  rourca except 
those subject to other provisions of this Article. 
with respect to the control of sulfur compound emissions. 

(b) No penon shall cause, suffer, or permit the emir- 
rion into the outdoor atmosphere of sulfur oxides, from 
my source, in such r manner that the concentration, at 
any time, of the sulfur oxidts, expressed as SOr in the 
emucnt gas exceeds 500 parts per million, by volume (dry 
buis). 

(a) Non-air barin areas. 
(1) Gened provision. No person shall cause. suffer, 

or permit the emission into the outdoor atmosphere of 
sulfur oxides, expressed as SO2, from my combustion 
unit, at any time, in excess of the rate of four pounds per 
million B.t.u. of heat input over my one-hour period ex- 
cept as provided for in paragraph (4) of this subsection. 

(2) Commercialfirel oil. No person shall, at any time. 
offer for sale. deliver for use, exchange in trade, cruse the 
UK of, suffer the use of, or permit the use of commercial 
fuel oil in non-air basin artas which contains sulfur in 
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(c) Any person rcs~onsibk for my source specified 
in items (1) through (7) or (9) of s u k t i o n  (a) of 
this Kction shall take aU noonable actions to p m n t  
particulate mattcr-from bwoming airborne. Such actions 
shdl include, but not be limitod to, the fdlowin : 

(I) Use, where pouibk, of water or chemicals & cun- 
trot of dust in the demolition of buildings or structures, 
construaion operations, the grading of roads, or the 
clearing of land. 
. (2) Application of asphalt, oil, water or suitable 
dremicals on din toads, material stockpiles, and other 
surfaces which may giw rise to airborne dusts. 

(3) Paving and maintenance of roadways. 
(4) Prompt removal of ur th or other material from 

paved streets onto which earth or other material has ban 
transported by trucking or ur th  moving equipment, ero- 
sion by water, or other means. 

(d) The requirements contained in subsection (a) of this 
m i o n  and 123.2 of this Title (relating to fugitive par- 
ticulate matter) shall not apply to fugitive emissions aris- 
ing from the production of agricultural commodities in 
their unmanufactured state on the premises of tbe farm 
operation, 
gI23.2. Fugitive pwticulatt matter. 

No person shall aw, suffer, or pamit fugitive par- 
ticulate matter to k emitted into t& outdoor at- 
mosphere from my source or routccl specifid in item 
8 1 23.1 (a)( 1)-(9) (relating to probibition of certain emis- 
sions) if such ernirions ue visible, at my time, at tbe 
point such tmissions pass outside the penon's property. 

PARTICULATE MATTER EMISSIONS 
8 123.1 1. Cocnbusdon units. 

(a) No person shall aw, sutTer, or prmit the emir- 
i on  into the outdoor atmosphere of particulate matte, 
at any time, from any combustion unit in excess of the 
following: 

(I) The rate of 0.4 ik. per million B.1.u. of heat input, 
when the heat input to the combustion unit in millions of 
B.t.uSs per hour is grcater than 2.5 but kss than 50. - .  

(2) The rate detehincd by the following formula: 
A * 3.6t4.s' 

wbem 
A = Allowable tmnsionr in pounds per million B.t.u. 

of b a t  input, and 
E = H u t  input to tbc combustion unit in millions of 

B.t.u.*r per hour, 
when E u equal to or gmter  than 50 but ksr than 600. 

(3) The n t e  of 0.1 pounds per rnillion B.t.u. of hu t  in- 
put when the heat input to the combustion unit in 

millions of B.t.u.'s per hour is qua1 to or greater than 
600. 

(b) Allowable emissions under subsection (a) of this 
section are graphically indicated in Appendix A to this - 
Chrptcr. 

123.12. laciner8tors. 
No person shall cause, sufler, or permit the emission to 

the outdoor atmosphere of particulate matter from my 
incinerator, at my time, in such a manner that the par- 
ticulate matter concentration in the effluent gas exceeds 
0. I grain per dry standard cubic foot, corrected to 12% 
carbon dioxide. 

f 123.13. Roctmts. 
(a) The provisions of subsections (b) and (c) shall 

apply to all processes except cumbustion units and 
incinerators. 

(b) No person shall cause, suffer, or permit the mis- 
sion into the outdoor atmosphere of particulate matter 
from any process listed in the following table. at any 
time. either in excess of the rate calculated by the for- 
mula set forth in pangrrpb (2) or in such a manner that 
the concentration of particulate matter in tbe efeuent 
@s exceeds 0.02 grains per dry standard cubic foot, 
whichever is greater: 

(I) Table 
hoerss 

Bypodwt Coke paduclion: 
pushin# opntion 

8dc hortod novcoamy 
adre oven 

C a b  bhct ~ u n u t a a u r i ~  
Cbarcal m n u t a a ~  
hht nunufactwring 
Clapkoric acid mrnufrcturiq 
Daugcn~ dryiw 
Alfalfa dehydration 
Gnin ckvaton 

(loading or unlordiw) 
Grain worniy qnd drrnira 
Onin d r y k  
Mut rmoLiw 
Ammonium nitracc nunufrctariq 

(vrnulrtor) 
Fumlby prodvnim r u m  
himrry iron a d / a  lucl  nutirll: 

Iron podwtiar 
Siateriag - windbor 
S t r l  produetian 
Siar f i i  

?recess Fec~or. F 
(in pounds per Ion) 

20 (coal ckrgedlavcn) 
so (podua) 
4 0  (poducl) 
a05 (pigment kndlmd) 
6.0 (P2 0 5  prod~cad) 
30 (Producl) 
30 (poduct) 

100 (podrrt) 
10 (dry rolib, id) 
a (Product) 
10 (product) 
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equipment. Where ovens must be pushed and charged to 
generate enough gas for underfiring. un of the ovens 
in best repair with respect to the emission of air contami- 
nants. 

(4) Sintcr p1ant.r. Sinter plants shall cease produc- 
tion. 

(5) Stet1 making fumces. Stecl making furnaces shall 
cease production to the extent possible without causing 
damape to equipment. 

(6) Mines and quarries. Mines and quames shall un- 
dergo a maximum reduction of operation without 
causing damage to equipment. 

8 137.14. Emergency kwl rcdonr. 
(a) General r~quiremenls. General requirements for 

emergency level actions shall include all of the following: 
(I) The continuance of all control actions taken for 

warning level. 
(2) At all places of employment. the immediate ccs- 

ation of opcrations to the extent possible without caus- 
ing injury to persons or damage to equipment except that 
the following establishments may remain in operation: 

(i) Commercial establishments engaged in selling or 
distributing food 9r medical and surgical supplies. 

(ii) 'Those ~ovanmental a d  mi--mental off= 
determined by the head of the respective governments or 
of the respective semi-governmental agencies to k vital 
for public safety or welfare or for the enforcement of the 
provisions of this Article. 

(iii) Those engaged in rendering medical or surgical 
Ilervices. 

(3) The cessation of operations of motor vehicles, ex- 
ceps in emergencies, when approved by police officials. 

(b) Reguiremcnrs for spctpc soums. In addition to 
taking the actions listed in subsection (a) of this mion ,  
thermal elaric generating facilities shall undergo a maxi- 
mum reduction of power supplies to users outside the 
emergency area. 

the performance by the Department of tests on such 
source. The Department shall set forth. in the request, 
the time period in which the facilities shall be provided as i 

well as Ihe specifications for the said facililies. 

4139.2. Sampling by othtn 
Sampling and testing done by persons other than the 

Department may be accepted by the Department provid- 
ed that: 

(I) The Department has been given reasonable notice 
of the sampling and testiag and has been given 
reasonable opportunity to observe and participate in the 
sampling and testing. 

(2) The sampling and testing is conducted under the 
direct supervision of persons qualified, by training and 
experience, to conduct such sampling and testing. 

(3) Procedures for the sampling and testing a n  in ac- 
cord with the provisions of this Chapter. 

(4) The reports of the sampling and testing are ac- 
curate and comprehensive. 

# 139.3. General rquirementr 
(a) The Department shall use the methods XI forth in 

this Chapter to assess emissions from stationary sources 
or ambient levels of air contaminants. 

(b) The Department has published a supplement to this 
chrprtr.tntitlcd "Source Testing Manual." This supple- 
ment contains detailed information on source test 
methods. procedures. end guidance for the reporting of 
emissions to the Department. This supplement is 
available from the Department by request. 

(c) The performance standards for stationary sourcu 
set forth in this Chapter permit freedom in the dection 

( 
of equipment and consistency in obtaining accurate 
results which are representative of the conditions under 
which a source is evaluated. 

(d) The sampling and analytical procedures employed 
to .measure ambient kvels of air contaminants shall be 
consistent with obtaining accurate mults which are 
representative of the conditions being evaluated. 

CHAPTER 139 - SAMPLING AND TESTING 

(Adopted January 27, 1972; Aaeaded July 17, 1975; 8139*4 References 
Jdy  26, 19n July ZS, 1978; April 9, 19% EEective T k  rderenm referred to in this Chapter are as 
August 1, 1979; June 12, 1979; Jane 19, 1981; August follows: 
12. 1983) (I) "Stmndards of Performance for New Stationary 

SOU&." Federal Register. Parl 11, Volume 36, No. 247, 
SUBCHAPTER ** AND pp. 2487624895. December 23, 1971. Washington. D.C. METHODS AND PROCEDURES (2) Devorkin. H.. ct 91.. "Air Pollution Source Testing 

8139.1. Sampling facilities. ~ a ~ u a l . "  Lor Angeles Air Pollution Control ~istrici. 
Upon the request of the Department. the person Second Printing. November 1965. 

responsible for a source shall provide adequate sampling (3) "Standard Method for Sampling Stacks for Par- 
ports. safe sampling platforms and adequate utilities for ticulate Matter.': American Society for Testing 
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Materials. D 2928-7 1. 19 16 Race Street. Philadelphia. 
Pennsylvania. 

' 
(4) "Method 11 - Determination of Hydrogen Sul- 

fide Content of Fuel Gas Streams in Petroleum Refiner- 
ies," 40 C.F.R. S1, Part 60, Appendix A (1982) Super- 
intendent of Documents. Washington, D.C. 

(5) "Recommended Standard Method for Continuing 
Dust Fall Survey (APM-I. Revision I)," TR-2 Air 
Pollution Measurements Committee, I. Air Poll. Con- 
trol Assm.. 16:372 (I 966). 

(6) "Air Pollution Measurements of the National Air 
Sampling Network: Analyses of Suspended Particulates 
1957-1961," Public Health Service Pub. No. 978, 
Washington, D.C. 1962. 

(7) Interbranch Chemical Advisory Committee. "Sc- 
kcted Methods for the Measurement of Air Pollutants," 
PHs Pub. No. 999-AP- 1 I ,  Cincinnati Ohio, 1965, p. 
1-1. 

(8) "Standard Method of Test for Inorganic Fluoride 
in the Atmosphere," ASTM Standards on Methods of 
Atmospheric Sampling and Analyses, Philadelphia, 
Pennsylvania, 1962, p. 67. . . 

(9) Hilovsky, Robert J., et al., Determination of Sul- 
fur Oxide (utilizing Isopropyl Akobol and Sodium Hy- 
droxide), "Air Pollution Source Testing Manual," 
Method 5.4, South Coast Air Quality Management Di- 
trict, El Monte, CA, Second Printing, August 1978. 

(10) "Standard Method of Sampling Petroleum and 
Petroleum Products," American Society for Testing Ma- 

( 
terials, D 270-65, 1916 Race Street, Philadelphia, 
Pennsylvania. 

(I 1 ) "Standard Method of Test for Kinematic Viscoa- 
ity of Transparent and Opaque Liquids (and the calcula- 
tion of Dynamic Viscosity)," American Society for Test- 
ing Materials, D-45-74. 1916 Race Street, 
Philadelphia, Pennsylvania. 

(12) *Standard Method of Test for Sulfur in Petrole- 
um Products (Lamp Method)," American Society for 
Testing Materials, D 1266-70, 1916 Race Street, Phila- 
delphia, Pennsylvania. 

(1 3) "Standard Metbod of Test for Sulfur in Petrole- 
um Products by the Bomb Method," American Society 
for Testing Materials, D 129-64, 1916 Race Street, 
Philadelphia, Pennsylvania. 

(14) Standard Method of Test for Sulfur in Pe~roleum 
Products (High Temperature Method)," Amerian Soci- 
ety for Testing Materials, D 1552-64, 1916 Race Street, 
Philadelphia. Pennsylvania. 

(1 5) "Standard Method of Test for Sulfur in Petrole- 
um Products (X-Ray Spectrographic Method)," Ameri- 
can Society for Testing Materials, D 2622-67, 1916 
Race Street, Philadelphia, Pennsylvania. 

(16) Method 24-Determination of volatile Ma~ter 
Content, Water Content, Densit), Volume Solids, and 
Weight Solids of Surface Coatings. "Standards of Per- 
formance of New Stationary Sources: Addition to Refer- 
ence Methods 24 and 25 to Appendix A," Fcdcral 
Reaber, Part VII, Volume 45, No. 194, pages 65956. 
65973, October 3, 1980, Washington. D.C. 

(17) Standard Methods for the Examination of Water 
and Wastewater, 14th FA.. "Organic Carbon (Wl). 
Combustion-Infrared Method," American Public Health 
Association. Washington, D.C. 

(18) Method 25-Determination of Total Gaseous 
Nonmethane Organic Emissions as Carbon, "Standards 
of Performance for New Stationary Sources; Addition of 
Reference Methods 24 and 25 to Appendix A," Federal 
Register, Pan V11. Volume 45, No. 194, pages 
65956-65973, October 3, 1980, Washington, D.C. 

(19) Emission Test Procedure for Tank Truck Gas* 
line Loading Terminals (Appendix A), "Control of Hy- 
drocarbons from Tank Truck Gasoline Loading Termi- 
nals," EPA450/2-77-026, U.S. Environmental 
Protection Agency, October 1 977. 

(20) Detection of VOC Leaks from Petroleum Refin- 
ery Equipment (Appendix B), "Control of Volatik Or- 
yn ic  Compound Leaks from Petroleum Refinery 
Equipment" EPA-45012-78-036, U.S. Environmental 
Protection Apency, June 1978. 

(21) Pressure Vacuum Test Procedures for Leak 
Tightness of Truck Tanks (Appendix A). "Controls of 
Vdatile Organic Compound Leaks from Gasoline Tank 
Trucks and Vapor Collection Systems, "EPA- 
450/2-78-051, U.S. Environmental Protection Agency. 
December 1978. 

(22) Gasoline Vapor Leak Detection Procedure by 
Combustible G u  Detector (Appendix B), "Control of 
Vdatile Organic Compound Leaks from Gasoline Tank 
Trucks a d  Vapor Collection Systems," EPA- 
450/2-78-05 I, U.S. En\.ironmental Protection Agency, 
December 1978. 

(23) 'Standard Test Method for Gasoline Diluent in 
Used Gasoline - Engine Oils b j  DistiIlation," Ameri- 
a n  Society for Testing and Materials, ANSI/ASTM 
D322-80, 1916 Race Street, Philadelphia, Pennsylvania. 

STATIOSARY SOURCES 
Q 139.1 1. Gvtrr l  rquircments. 

The following are applicable to source tats  for deter- 
mining emissions from stationary soutm: 

(I) All performance tests shall be conducted while the 
source is operating at maximum routine operating con- 
ditions or under such other conditions. within the capaci- 

M%hd by THE BUREAU OF WATKWlUL AfFAIIIS. (NC.. W#hnglon. D.C. 20037 
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t) of the quipment. as may be rquested bj the Depart- 
ment. 

(2) The Department shall consider for approval t a t  
results where sufficient information is provided to verify 
the source conditions existing at the time of the test and 
where adequate data is available to show the manner in 
which the test was conducted. Information submitted to 
the Department shall include. as a minimum: 

(i) A thorough source description. including a d a -  
cription of any air cleaning devices a d  the flue. 

(ii) Process conditions. e.g.. charging rate of raw 
material or rate of production of final product. boiler 
pressure. oven temperature. and other conditions which 
may affect emissions from the process. 

(iii) The location of the sampling pons. 
(iv) Effluent characteristics. including velocity, 

temperature. moisture content. gas density (WCO. CO-, 
O2 and dd. static and baromet tic pressures. 

(v) Sample collection techniques employed. including 
procedures used, equipment descriptions and data to 
verify that isokinetic sampling for particulate matter 
collection occurred and that acceptable tcst conditions 
were met. 

(vi) Laboratory procedures and results. 
(vii) Calculated results. 

$139.12. Emissions of particulate matter. 
T a t s  for determining emissions nf particulate matter 

from stationary source shall conform with the following: 
( I ) Test met hods for particulate emissions shall include 

both dry filter(s) and wet impingas and provide for at 
kast a 951 collection efficiency of particulate matter. 

(2) lsokinetic sampling procedures shall be used in 
sampling for particulate matter emissions and the 
weights of all soluble and insoluble particulate deter- 
mined gravimetrically after removal of uncombined 
water. 

(3) Test methods and procedures shall be equivalent to 
or mbdified to produce results quivalent to those 
obtained by employing the procedures specified 
in 4139.4(1) and (2) of this Title (relating to 
references). The quipment shall be inert where ap- 
propriate and similar to that specified in 81 39.4 (1 H3) of 
this Title (relating to references). 

(4) The minimum sampling time shall bc one hour and 
the minimum sample volume shall be 50 cubic feet cor- 
rected to standard conditions (dry basis). 

(5) Results shall be calculated based upon sample 
train component weights specified in #139.4(1) of this 
title (relating to references) and insoluble weights in the 
impinger solution and on sample-exposed surfam s u b  
sequent to the final filtration media. lnsolublc weights 

shall be determined b) 0 . 2 2 ~  membrane filtration. Re- 
sults shall be reported as pounds of particulate matter ,. 

per hour and in accordance with the units specified in 
#l23.11-123.13 of this title (relating to particulate ... . 

matter emissions) and $129.12 of this Title (relating to 
sulfuric acid plants). 

1139.13. Emissions of SO1, H$ and NO,. 
The folluwing are applicahle to tests for determining 

emissions of SO.. H,S and NO. from stationary sources: 
(1) T a t  methods for SO:. H:S and NO: shall provide 

for at least 9556 of the respective pollutant. 
(2) Sample collection for SO. shall be at a constant 

rate and the weight of oxides of sulfur shall be deter- 
mined gravimetrically. 

(3) Test methods and procedures for sulfur oxides shall 
be equivalent to or modified to produce results equivalent 
to those which would be obtained by employing the 
procedures specified in 4139.4 (2) ofthis title (relating to 
references). Test methods and procedures for SO: from 
combustion sources shall be equivalent to or modified to 
produce results equivalent to those which would be ob- 
tained by employing procedures specified in 41 39.4 ( 10) 
of this title (relating to references). Details for sampling 
quipment are contained in 4139.4 (I)  or (10) ofthis title. 

(4) Sample collection for H S  shall be at a constant 
rate and the weight of hydrogen sulfide shall be deter- 
mined colorirnetrically. 

(5) Test methods and procedures for H,S shall be 
equivalent to or modified to produce results equivalent to 
those obtained by employing the procedures spccified in 
(i139.4 (4) of this Title (relating to references). The equip 
ment shall be inen where appropriate and similar to that 

( 
specified in 4139.4 (2) of this Title (relating to references). 

(6) For determining emissions of SO: and H,S. the 
minimum sampling time st,all be one hour and the 
minimum sample volume shall be 30 cubic feet corrected 
to standard conditions (dry basis). 

(7) Test methods and procedures and equipment for 
NO.shal1 be similar to those specified in $1 39.41(1) of this 
~ i t l i  (relating to references). Minimum sampling re- 
quirements u e  four grab samples taken at 15 *minute in- 
tervals in accordance with g139.4(1) of this title. 

(8) Results shall be reported as pounds per hour and in 
accordance with units for the emission standard for that 
source as specified in Chapter 123 or 129 of this title 
(relating to standards for contaminants and sources) or 
as other terms specified by the Depanmcnt. 

$139.14. Emissions 01 volatile organic compounds. 
(a) The following are applicable to tests for deter- 

mining volatile organic content: 
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ENERGY CONTROL AND SERVICES, INC. 

May 9, 1988 

Engineering-Science, Incorporated 
10521 Rosehaven Street 
Fairfax, Virginia 22030 
(703) 591-7575 

ATTENTION: MR. JOE VAN GIESEN 

SUBJECT: TDPS INCORPORATED 
PHILADELPHIA, PA. 

Dear Joe : 

We enclose the report of findings covering the last visits. As you 
will see, the hydrocarbons which were present have been for the most part, 
been eliminated. 

The stack conditions at the plant remain visually unchanged except 
that the cooler the outside air temperature, the whiter the plume, as would 
be expected. 

We appreciated the opportunity to work with you and your company and 
we would be pleased to be of service to you again. 

If all things seem in order, we would appreciate your accepting the 
enclosed invoice, for processing at your earliest convenience. 

Best regards, 

CRS : bb 
Enclosure 

-4497NO. DALE MABRYtS7E.2090TAM& FL336t8 0(813)962-0449 ATLANTA N04)97I-S8l7 
ENERGY SAVING EQUIPMENT AND SERVICE 



ENERGY CONTROL AND SERVICES, INC. 

KAKTPRaxss- 
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TWS m T e D s  PHIIADEPHIA~ PA. 

MY 9. 1988 

-4497NO. DALE MACIIPY,STE.309.7"MM, FL33618 .(813)962-0149 ATLANTA (404)071-4817 
i CNEROY SAVING EOUIPMENT AND SERVICE 
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A r e t u r n  t r i p  was made t o  TDPS Incorporated,  Ph i l ade lph ia ,  Pennsylvania 
on Apr i l  28, 1988, A p r i l  29, 1988 and May 2, 1988. The same test plan 
and s e t u p  was used as covered i n  t h e  r e p o r t  of A p r i l  19 ,  1988 covering 
t h e  v i s i t s  of A p r i l  6, 1988, Apr i l  11, 1988 and A p r i l  12 ,  1988. Th i s  s e t  
o f  tests were performed a f t e r  t h e  p l a n t  changed t h e  combustion zone f l i g h t s .  

During t h e  f i r s t  day of t e s t s  Apr i l  28, 1988, a Hauck serviceman 
was p resen t  t o  e f f e c t  proper burner adjustment.  



During the ttsting covered by this report, there was clear evidence 
that the combustion zone had been a major contributor to the measured 
hydrocarbons; Since the new flights were installed and burner adjustment 
was accomplished there was a dramatic decrease in hydrocarbons. 

h addition, the invalidity of the information obtainable from 
Probe #2 as determined by the first visit was eliminated during this 
return trip, and data was recorded from Probe #2 and used in this report. 
Essentially, this data permitted the evaluation of the existing THC 
recorded in terms of burner contribution as separate from volatilization 
of liquid A.C. 

It was further determined that R.A.P. is probably not contributing 
in any large way to THC readings, but that exhaust gas temperatures are 
significant to THC enrmissions, as would be expected. 



1. P l a n t  s t a c k  d ischarge  still appears  t o  be d u s t  p a r t i c u l a r l y  
s i n c e  t h e  previously measured hydrocarbons have been 
d rama t i ca l ly  reduced, bu t  s t a c k  opac i ty  has  no t  apprec iab ly  
changed. (Figure IB)  

2. S t ack  condi t ions  appear t o  worsen a s  exhaust gas  temperature 
i nc reases .  

3. The new f l i g h t s  which were i n s t a l l e d  i n  t h e  combustion zone, 
have removed t h e  flame and material in t e r f e rence .  

4. Burner gas  pressure  when changed from 1.8 p s i g  t o  1.0 ps ig  
caused t h e  burner t o  c o n t r o l  t h e  process  at  a h igher  
burner  t h r o t t l e  pos i t i on ,  which enhanced mixing, f u r t h e r  
reducing THC and CO. 

5.  A t  260 t o n s  per  hour t h e  burner c o n t r o l  p o s i t i o n  is now 
i n  t h e  range of 50%-55% ins t ead  of 35%. 

6. .Baghouse pressure  drop still runs  i n  t h e  1"-2" W.C. range. 

7. Probe 1 and Probe 2 d a t a  revealed t h a t  t h e  d i f f e r e n c e  i n  
THC was caused by v o l a t i l i z a t i o n  of l i q u i d  a s p h a l t  cement. 

8. P l a n t  odor has  diminshed but ,  is propor t iona l  t o  e x i t  gas  
temperature.  

9.  Dust dropout occurs  about 200 yards downwind. 

10. R.A.P. rates up t o  25% have l i t t l e  observable e f f e c t  on 
s t a c k  condit ions.  

11. Combustion zone d r a f t  l e v e l s  do not  c o r r e l a t e  w e l l  wi th 
ope ra t ing  condi t ions  o r  excess  air. 

12. The sens ing  tube  f o r  combustion zone d r a f t  had been d i s -  
connected and remained that way u n t i l  discovered dur ing  
t e s t i n g .  Whether t h e  exhaust  damper was f u l l  open o r  
no t ,  s t a c k  condi t ions  were t h e  same. 



In general, the stack emmissions conditions as observed by eye, have 
not changed since the first report period. The flight modifications and 
burner adjustments were successful in removing significant levels of 
hydrocarbons from the stack. In fact, at this point, the hydrocarbon 
emmissions from the stack have been reduced to almost 1/20th of the 
original conditions. 

In this set of testing, data from Probe #1 and #2 were obtained. 
A leak in the 12 Probe fitting had originally given poor readings. The 
difference in these readings is useful to determine the contribution of 
liquid A.C. 

The following comments are provided, based on the data presented. 

1. Draft in the combustion zone does not correlate in any 
discernable way to excess air (Figure IA) or with ACF'M 
as calculated, (Figure IIA). This is perhaps due to 
the strong aerodynamic flow field produced in the com- 
bustion zone which now is undisturbed by material and 
furthermore prevails at higher burner firing rates. 

2. The hydrocarbons do not seem dependent on burner position 
as before (Figure IIB). 

3. Draft required at up to 275 tons per hour appears to be 
best set at 0.25" W.C. 

This happens to correspond to the burner manufacturer's recommen- 
dations. 

4. The average efficiency has been elevated (Figure IIB) 
from before and additional comparison is found by com- 
paring the therms per ton of "Appendix A" of both 
reports. Where damper position and burner position 
had major influences on efficiency, this effect has been 
greatly reduced. 

5. In comparing efficiencies, at 30% burner or less the 
improvement has been over 30% savings, and at higher 
burner positions about 6% savings are realized. Over- 
all thermodynamic efficiency factors are presented in 
"Appendix A", to obtain the "percent" value, merely 
multiply by 100. 



6.  In Figure IIIA, a new presentation of data due to intro- 
ducing exit gas temperature as a variable, shows that 
there is a marked increase of THC as exit gas temperature 
rises above 310°F. 

7. Since data obtained from Robe #2 was useable this time, 
we were able to present the effect of liquid A.C. 
volatilization. 

This figure clearly shows that exit gas temperature directly affects 
the volatilization of liquid A.C. and it is from this source that hydro- 
carbon levels build. Additional data is needed to prove this trend to 
be true overall, but experience with the history of other drum mixers 
allows the above opinion to be expressed. 

8. Downstream carriage of visible emmissions is still present 
despite the dramatic reduction of measureable hydrocarbons. 



The overshadowing conclusion of this report is that hydrocarbon 
content as measured at this particular plant has not been the major con- 
tribution to stack opacity problems. At elevated exit gas temperatures, 
odor, and slight blue to tan color at times were evidence of the hydro- 
carbons present. 

Secondly the hydrocarbons which were present prior to this visit 
were primarilly due to unburned fuel caused by poor combustion zone 
conditions and poor burner adjustment. 

Thirdly exit gas temperatures should be kept below 310°F unless 
liquid A.C. with a smaller light end component can be used. This should 
be accomplished by running the exhaust damper open far enough rather 
than by reducing its position, and the possible consideration of exit 
gas temperature control. 

In that particulate appears to be the only culprit left, the 
baghouse needs enlargement so the plant air flow can be kept at necessary 
levels, and at the same time, collection efficiencies can be increased. 

With the evidence of condensible hydrocarbon potential from volatilized 
liquid A.C., baghouse preheat and plant shutdown procedures need a 
closer look; In addition to which close baghouse inspection should continue, 
to prevent any opportunity for carbonaceous deposits to occur on the bags. 

For your interest, I enclose curves of maximum allowable 0 and THC 
. emrcissions based on California Southcoast Air Quality Board Standards 
which are 150 #/Day for hydrocarbons and 500 #/Day for Carbon Monoxide. 
As long as TDPS maintains control of exit gas temperature, 300°F or less 
they are within these limits, the most stringent in the country. 

The final conclusion calls for modifying the existing baghouse, 
different bags, physical extension, or its direct replacement with a 
larger unit, to improve collection efficiency. Hopefully your findings 
will agree with mine. 

We thank you for the opportunity to be of service! 

Very truly yours, 

C. R. Safarik, P.E. 

CRS: bb 
Enclosures 
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U S  ENERGY CONTROL AND SERVICES, INC. 

April 19, 1988 

Engineering-Science, Incorporated 
10521 Rosehaven Street 
Fairfax, Virginia 22030 
(703) 591-7575 

ATTENTION: MR. JOE VAN GIESEN 

SUBJECT: TDPS INCORPORATED 
PHILADELPHIA, PA. 

Dear Joe: 

I enclose the 
the subject client 
I hope the "draft" 

final copy of the report of findings from our visit to 
on April 6, 1988 and April 11, 1988 and April 12, 1988. 
I wfaxed" to you arrived in readable form. 

In the event, it is necessary to return to the plant, please let me 
know. I have "penciled in" April 28, 1988 - April 29, 1988 as a window 
for that purpose. 

Very truly yours, 
A 

k, P.E. 

CRS : bb 
Enclosure 

-44B7 NO. DALE MABRY , $ 7 E . . 3 0 9 e t ~ ~ m ,  FL 33618 *(813) 962-0449 l ATLANTA (404J971-4817 

> - ENERGY SAVING EQUIPMENT AND SERVICE 
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A CMI Drum Mixer owned by TDPS, Incorporated, Philadelphia, Pennsylvania, having 
an exhaust gas problem, was equipped with a state of the air Combustion Analyzer 
System, to monitor the total hydrocarbons, carbon monoxide and oxygen leaving the 
drum. 

Plant feed rates, moistures and exhaust damper position were varied in the 
testing in order to gather significance of these parameters on exit gas conditions. 



The plant stack conditions have been causing complaint by the surrounding 
population, particularly a.seven story school located downwind at times, and about 
250 Pards away. 

In order to determine if the visible emissions and odors are due to the 
presence of hydrocarbons and carbon monoxide, Energy Control and Services, In- 
corporated, was called in to take measurements, and diagnose cause. 

The report which follows presents the data which was acquired, and results of 
supportive calculation, which correlates burner performance, and the previously 
mentioned variables, to exit gas conditions. 

Two probes positioned inside of the drum, as shown in Sketch #l, were used. 
The plant was firing a Hauck StarJet Burner, SJG-4520, on,natural gas, controlled 
by material discharge temperature. 

The baghouse, supplied originally with the plant, physically appears too small 
for this drum mixer. From the data acquired, we have calculated the drum exhaust 
flow at 300°F, for the different damper positions and production rates, to assist 
in evaluating the baghouse. 



1. Plant stack discharge appeared to be dust, or hydro- 
carbons and steam, upon initial visual inspection. 

2. Stack conditions did no? appear to appreciably change 
between burner firing rates of 10X to 35% or even at 
high fire. 

3. Stack conditions seemed to worsen when the exhaust 
damper was opened to lOO%, but those observations 
being subjective, are not conclusive. 

4. The burner flame was marginally stable, and having 
a lazy characteristic, not typical of the combustion 
characteristics of an aerodynamically stablized 
flame. 

5. The natural gas flame, had significant yellow 
regions in it after the "kicker flight" zone, due 
to considerable veiling of materlal through the 
flame in the combustion zone. 

6.  The combustion zone flights, as shown in Figure 2 
were not capable of keeping the combustion zone 
clear enough of material to permit complete com- 
bustion of the fuel. 

7. The burner linkage was reported by plant personnel 
to have slipped, so the settings are not to factory 
adjustments. 

The gas valve was at position 2, and the air valve 
at its lowest position, at low fire. The gas 
pressure was 1.8 psig to the gas valve. 

8. Burner secondary air vas set at a swirl of 40°. 



9. At 260 tons per hour, nearly the limit of the feed 
ability of the plant, tbe burner firing position was 
only 35%. 

10. Baghouse pressure drop typically ran at 1" to 2" W.C., 
seemingly low, considering ty pica1 levels of 4"-5" 
on most plants. 

11. Exit gas temperatures and material temperatures 
typically ran at 300°F, and for the most part, were 
within 10°F of each other. 

Excess Air was more than amply available at all 
production rates, up to 260 tph a t  3.7% moisture. . ..for example at 260 tph and 3.7% moisture, at 
100% excess air (fully open exhaust damper), 
from an air standpoint, the plant could handle --- 
440 tph at 3.7% moisture and 360 tph at 5% 
moisture at the same prevailing efficiency of 
say 78%. Any incomplete combustion was not due 
to a shortage of air. 



Upon arriving at the plant, and meeting with local and federal representatives 
of air quality and health departments, we learned that the City of Philadelphia 
Air Quality people feed that the visible stack enmissions were condensed visible 
organic compounds and that the associated odor, confirmed their suspicions. 

The E.P.A. representatives, when inspetting the plant,. found nothing unaccep- 
table, but admitted that the E.P.A. had no specification limit for hydrocarbons 
for this area. 

The city people questioned the plant personnel, to determine what production 
rates gave the highest operating efficiency, or the best stack conditions. The 
plant people could not say. 

They also asked how one determines if the baghouse has torn or damaged bags. 
They indicated that the baghouse is inspected every Saturday. 

It is not within the scope of their report to cover the additional theories, 
inspections and discussions with outside personnel, but we will now go on to the 
measured exit gas data. 

The Enerac 2000 which is the analytical instrument used by the MS 2000 
Efficiency Monitoring System, manufactured by Energy Control and Services, In- 
corporated, was connected to each of two probes (Sketch tl) to obtain the data 
presented herein. 

Due to production rate constraints, typical in asphalt plants, and production 
schedules, the data taken was somewhat sparse, but sufficient to form reasonable 
conclusions. 

Some plots are presented in Figures I, I1 and I11 but the data's variability 
makes meaningful correlation difficult. The high concentration of unburned fuel, 
disguises relationships which can normally be expected, such as the variance of 
efficiency with exhaust damper position. 

All data presented is obtained as X by volume or ppm, and plots present 
the data from Probe #1 only. This was done for two reasons: One, not much data 
was found to be needed from Probe 12 due to an inordinate presence of unburned 
fuel at either probe. Secondly the excess air level at Probe #2 was not 
characteristic of the overall drum excess air level and was probably in a main 
entrained air strata from the RAP collar. Nevertheless, hydrocarbon levels at 
either probe, corrected to a constant excess air level, were consistent. 



The following comments are provided, based on the data: 

1. Hydrocarbon levels upstream of (Probe X2) and down- 
stream of (Probe #1) the 4iquid asphalt injector, 
connedted to the s'ae excess air levels, were the 
same. 

2. RAP introduction rates, had little effect on hydro- 
carbons efficiency etc. 

3 . .  Overwhelming presence of hydrocarbons, were present 
at 20% burner position and dramatically reduced at 
35% burner position. (Figure IB) 

4. Excess air increased as draft increased (Figure IA) 
but at the same draft, excess air levels measured were 
higher at higher tonnages. (The opposite of intuitive 
expection). 

5. ACFM values for each data point vere calculated, based 
on the calculated efficiencies, moisture level and tons 
per hour. The relationship to draft is presented in 
Figure IIA. 

6. Figure IIB weakly suggests higher efficiencies were 
obtained at higher burner positions. 

7. Correlation of t h e m  per ton versus firing rate (tons 
per hour) is thrown off by the change in moisture, 
in Figure IIIA. 

8. Figure IIIB shows opposite relationships between the 
change in therms per ton as damper position changes, 
when comparing 2.7% moisture to 3.7% moisture. 

When fines were inspected, there was no sign of carbon deposit, and when RAP 
was varied there was no change in hydrocarbons (runs 1-10), in the exhaust gases. 



1. The predominant c o n t r i b u t i o n  t o  hydrocarbons and carbon 
monoxide cmmissions is due t o  poor burner  adjustment and 
improper combustion zone condit ions.  

11 2. Burner adjustment and f l i g h t  changes are mandatory t o  c lean  
up" t h e  unburned f u e l .  

3. The H-C and CO p resen t  i n  t h e  e x i t  gases  is not  coming from 
RAP, o r  l i q u i d  A-C. 

4. The H-C and CO presen t  i n  t h e  e x i t  gases  cannot be found 
( v i s u a l l y )  i n  t h e  baghouse f ines .  

5. The v i s i b l e  e m i s s i o n s  from t h e  s t a c k  must be f i n e s  
c a r r y i n g  o u t  of t h e  baghouse. 

6. The baghouse appears  t o o  small, but t h e  pressure  drop 
i s  very low. Th i s  means t h e  baghouse i s  opera t ing  a t  
t h e  lowest  poss ib l e  c o l l e c t i o n  e f f i c i ency .  

7. E i t h e r  t h e  baghouse is s u f f e r i n g  from improper bag 
m a t e r i a l ,  o r  l i t t l e  i f  any coke is forming on t h e  
bag su r f ace .  

8. The odors  de t ec t ed  from t h e  p lan t  a r e  a r e s u l t  of t h e  
e m i s s i o n s  of b lue  smoke from uncovered s e c t i o n s  of 
t h e  s la t  conveyor and c louds  of blue smoke leaving t h e  
t o p s  of  t h e  s i l o s .  

9.  The V.O.C. from t h e  sources  c i t e d  in"8" can be observed 
t o  d i s s i p a t e  and become i n v i s i b l e  i n  a very s h o r t  d i s -  
t a n c e  from t h e  source;  say  about 50-75 f e e t .  

10. The cmmissions from t h e  s t a c k  of t h e  p l a n t  ca r ry  g r e a t  
d i s t a n c e s  downwind, s ay  200-300 pards and more, lending 
credence  t o  t h e  emmissions being f ines .  

When changes i n  f l i g h t s  and burner adjustment are completed, it w i l l  be 
i n t e r e s t i n g  t o  confirm t h e  disappearance of hydrocarbons and see i f  t h e r e  is a 
cont inuance  of  v i s i b l e  emmissions! - 
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