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Department of Energy 
Albuquerque Operations 
Los Alamos Area Office 

Los Alamos, New Mexico 87544 

MAR 0 5 1987 

CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

Mr. Michael Burkhart, Director 
N.M. Environmental Improvement Division 
P.O. Box 968 
Santa Fe, NM 87504-0968 

Dear Mr. Burkhart: 
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Enclosed is the Trial Burn Report for the Technical Are4 (TA) 50. ybntrolled 
Air Incinerator. This report addresses all trial burn ~quirements of the 
New Mexico Hazardous Waste Management Regulations (NMHWMR::."-2-}, .. specifically 
302.E.2.b.(6) and includes information committed to by Laboratory personnel 
during the August 11, 1986 meeting with your staff. 

After review and acceptance by the Division, appropriate steps will be taken 
to amend Appendix J, Resource Conservation and Recovery Act (RCRA)-TRIAL 
BURN PLAN in the Laboratory's RCRA Part B permit application. These 
amendments will reflect information obtained during the actual trial burn. 

The trial burn that occurred on September 4-7, 1986 is an important 
milestone in the Laboratory's Part B hazardous waste permit process and is 
an integral part of the comprehensive plan for the management of wastes. 
During the trial burn run, as your staff is aware, much information was 
gathered and preliminary results were encouraging. As you will discover 
from the enclosed report, the Laboratory's trial burn run was successful 
with destruction and removal efficiencies exceeding those required by 40 CFR 
264.343. 

I certify that the trial burn has been carried out in accordance with the 
approved trial burn plan as modified by the exemptions noted in Sections 5.2 
and 5.3 of the report. In addition, I certify the information contained in 
the report to be true and factual. 
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Mr. Burkhart 2 

If you have any questions, please call James Phoenix of my staff at 667-5288. 

6500A 

Enclosures: 
As stated 

cc: 
A. Davis, U.S. EPA, Dallas, TX 

Sincerely, 

Harold E. Valencia 
Area Manager 

J. Highland, U.S. EPA, Dallas, TX, w/o enclosures 
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1.0 TEST OBJECTIVES 

On September 4 through 7, 1986 the Los Alamos National 
Laboratory (LANL) conducted a trial burn directed toward 
obtaining a Resource Conservation and Recovery Act (RCRA) 
operating permit for the Los Alamos Controlled Air 
Incinerator (CAI). 

The trial burn was conducted at four separate test 
conditions. Specially prepared liquid and solid simulated 
waste feed materials were incinerated at two secondary 
combustion chamber temperatures. 

Testing and analysis were performed to: 

1) Determine the destruction and removal efficiency (DRE) 
of principal organic hazardous constituents (POHC), 
carbon tetrachloride (CC1 4 ) and trichloroethylene 
(TCE) , using a volatile organic sampling train (VOST) ; 

2) Determine the particulate and gaseous chloride 
concentration in the stack effluent using an EPA 
Method-S sampling train; 

3) Monitor the carbon monoxide emissions during each trial 
burn run using an EPA Method 10 sampling train. 
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Clean Air Engineering, Inc. (CAE) of Palatine, Illinois was 
contracted to provide sampling activities. Controls for 
Environmental Pollution, Inc. (CEP) of Santa Fe, New Mexico 
was contracted to provide sample analysis. Sampling and 
analysis was in compliance with the requirements of the RCRA 
regulations for a Part B Permit for treatment and disposal 
of hazardous wastes. 

The testing took place at the Los Alamos CAI in Los Alamos, 
New Mexico on September 4 through 7, 1986. Observing and 
coordinating the field testing were: 

Regulatory Observers: Phillip Schwindt-USEPA, Region VI 
G. Kelly Crossman-NMEID 

Laboratory Management: 

Trial Burn Project Officer 
Quality Assurance Officer 
Lab Analysis Coordinator 
Sampling Coordinator 
Facility Operations Manager 
Facility Operators 

Ray Garde-LANL/HSE-7 
Leon Borduin-LANL/HSE-7 

Ralph Koenig-LANL/HSE-7 
John Vavruska-LANL/HSE-7 
Larry Fields-LANL/HSE-9 
John Chapman-CAE, Inc. 
David Hutchins-LANL/HSE-7 
TDF Staff-LANL/HSE-7 



2.0 DESCRIPTION OF INSTALLATION 

2.1 Facility 

The LANL Controlled Air Incinerator (CAI) is a dual chamber, 
refractory lined incinerator. An atomizing nozzle 
introduces liquid wastes into the primary (lower) combustion 
chamber (PCC) where underfire air supports combustion at 
near stoichiometric conditions. Solid waste is batch fed 
into the primary chamber through a ram feeder and guillotine 
door mechanism. 

Unburned volatile compounds and entrained particles exit the 
primary chamber through a connecting duct to the secondary 
(upper) combustion chamber (SCC). Excess air is introduced 
at this location to promote complete combustion. 
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The secondary chamber is designed to provide added residence 
time and supplemental heat where necessary to burn off 
volatile organics. Oxygen/combustibles analyzers at the 
outlet of each chamber monitor and control oxygen in chamber 
offgas. The excess air is controlled by the adjustment of 
underfire air flow in the primary chamber and the secondary 
air flow in the secondary chamber. 

The offgas cleaning system consists of a quench tower, a 
high-energy variable throat venturi scrubber, a packed 
column absorber tower, a condenser, a mist eliminator, a 
reheater, a roughing filter and a series of two high
efficiency particulate air (HEPA) filter banks, a carbon 
adsorber and an induced-draft blower. 

A more detailed description of the CAI and its associated 
equipment is included in Appendix J. of the Los Alamos 
National Laboratory Part B Application, entitled RCRA Trial 
Burn Plan for a Modular Incinerator at the Los Alamos 
National Laboratory in Los Alamos, New Mexico, and is 
included as Appendix I of this document. 
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2.2 Operating Conditions 

Incinerator target operating conditions were as follows: 

Temperatures--
Primary chamber
Secondary chamber
Condenser outlet
Reheater outlet-

Pressures--
Primary chamber
Venturi pressure drop-
Feed nozzle atomizing medium-

Flows--
Venturi solution
Absorber solution
Steam bleed-

Other--
Primary chamber o2 -
Secondary chamber 0 2 
Scrub sump pH-

*** 
2000-2200 °F 
130 °F 
160 °F 

-2 in. H2o 
40-70 in. H2o 
60 psig 

8 gpm 
10 gpm 
>15 lb/hr 

4-9% 
4-9% 
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*** Primary chamber temperature is dependent on waste feed 
rate and excess o2 

Four operating conditions were chosen for the trial burn. 
Waste feed form (solid vs. liquid) and secondary combustion 
chamber temperature (2000 vs. 2200 °F) were the variables 
during these test conditions. Carbon tetrachloride (CC1 4 ) 
and trichloroethylene (TCE) were chosen to be the principal 
organic hazardous constituents (POHC) in the simulated waste 
feed. Conditions 1 and 2 were liquid feed at 2200 and 2000 
°F, respectively. Conditions 3 and 4 were solid feed at 
2200 and 2000 °F, respectively. Liquid feed rates ranged 
from 147 to 173 lb/hr. Solid feed rates ranged from 166 to 
203 lb/hr. 

More detailed information on actual operating conditions 
during the trial burn is contained in Appendix B of this 
report, as well as in Tables 1 through 8. Liquid and solid 
feed preparation, composition and feed rate data is 
presented in Appendix c of this report. 



3.0 SUMMARY OF PROCEDURES 

3.1 SAMPLING PROCEDURES 

Methods 

The sampling procedures followed requirements outlined in 
U.S Environmental Protection Agency (USEPA) Methods 1, 2, 3, 
5 and 10. These methods are entitled: 

Method 1--"Sample and Velocity Traverse for Stationary 
sources;" 

Method 2--"Determination of Stack Gas Velocity and 
Volumetric Flow Rate (Type s Pitot Tube);" 

Method 3--"Gas Analysis for Carbon Dioxide, Oxygen; 
Excess Air and Dry Molecular Weight;" 

Method 5--"Determination of Particulate Emissions from 
Stationary sources;" 

4 

Method 10--"Determination of Carbon Monoxide Emissions 
from Stationary Sources." 

These methods appear in detail in Title 40 of the Code of 
Federal Regulations (CFR), Part 60, Appendix A. 

The metering equipment was designed and manufactured by the 
Research Appliance Co. andjor Nutech to meet u.s. EPA 
standards. All equipment was calibrated at the Clean Air 
Engineering, Inc. laboratory prior to shipment to the job 
site. 

The sampling for POHC followed procedures outlined in 
"Protocol for the Collection and Analysis of Volatile POHC 
Using VOST," EPA-600/8-84-007, dated March 1984. This is a 
draft method that has not yet been promulgated by the U.S. 
EPA. 

The VOST is shown in Fig. 1 of Appendix L. The EPA Method 5 
sampling apparatus is shown in Fig. 2 of Appendix L. The 
EPA Method 10 apparatus is shown in Fig. 3 on page 6-3 of 
Appendix 0. 

Gaseous chlorine emissions were sampled by modifying the EPA 
Method 5 sample train to collect gaseous chloride in the 
impinger solution. This was done by substituting 0.1 N NaOH 
for H20 in the first two impingers. 



Sampling Locations 

Particulate emissions sampling was performed in the duct 
just upstream of the CAI stack. The duct has two ports for 
performing sampling traverses, and four points were sampled 
per port. Three runs took place for each of the four test 
conditions. The sampling time per point was five minutes 
for a total sampling time of 80 minutes. The particulate 
emissions sampling locations are shown in Fig. 3 of Appendix 
L. 

POHC sampling was performed downstream of the particulate 
emissions sampling at a single point in the duct. Six runs 
took place for each of the four test conditions. The total 
sampling time was 20 minutes for each run. 

Carbon monoxide sampling was also performed downstream of 
the particulate emissions sampling at a single point in the 
duct. Three runs were performed coinciding with the 
particulate emissions sampling for each of the four test 
periods. 

PROCEDURES 

Principle Organic Hazardous Constituents 

The volatile collection system consisted of condensers to 
cool the gas and two adsorbent traps in series. The first 
trap contained a section of TENAX followed by a section of 
charcoal. 

Each set of two traps was exposed to approximately twenty 
liters of effluent gas over a twenty minute period. The 
traps were changed and the sampling repeated until six sets 
of traps were taken at each test condition. 
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Each trap was placed in its own transport tube and sealed by 
Clean Air Engineering, Inc. personnel for shipment to the 
analytical laboratory. Aqueous condensate was recovered at 
the end of each sampling condition. This sample was 
archived but not analyzed due to the insolubility of the 
POHC. 

Particulate Emissions 

The particulate emission rate was determined using 
procedures outlined in EPA Method 5. The particulate 
samples collected on glass fiber filters were analyzed 
gravimetrically. The probe and nozzles were washed with 
acetone. The wash was transferred to tared beakers and 
evaporated to dryness. This weight was also included in the 
analysis. 



Carbon Monoxide Emissions 

The carbon monoxide emission rate was determined using 
procedures outlined in EPA Method 10. A continuous gas 
sample was analyzed with a non-dispersive infrared (NDIR) 
analyzer. 

A Flame Ionization Detector (FID) analyzer was also used to 
monitor co and co2 levels in the CAI offgas and to provide a 
comparison of the accuracy of the FID versus NDIR method of 
co measurement. 

Carbon Dioxide and Oxygen Levels in Offgas 

Levels of Carbon Dioxide and Oxygen in the stack exhaust 
were determined by ORSAT analysis performed in conjunction 
with the particulate sampling periods. In addition, an 
o 2;combustibles analyzer monitored the levels of o 2 in 
combustion gases leaving the secondary combustion chamber 
(sec) • 

Liquid and Aqueous Process Samples 

Liquid and aqueous process samples were taken in accordance 
with the procedures and requirements set out in 
"Requirements and Specifications for Offgas Sampling," the 
Clean Air Engineering, Inc.'s Test Protocol, and with the 
CAI RCRA Trial Burn Run Plan (see Appendices K, L and N) . 

Solid Samples 

Solid process samples were taken in accordance with the 
procedures and requirements set out in "Requirements and 
Specifications for Offgas Sampling," Clean Air Engineering, 
Inc.'s Test Protocol and with the CAI RCRA Trial Burn Run 
Plan (see Appendices K, L and N). 

Sampling of the exposed activated carbon was amended to 
three samples taken at the end of conditions 2, 3 and 4. 
Initially, the sampling scheme was amended to taking one 
activated carbon sample following liquid and one sample 
following solids testing. In anticipation of possibly 
higher organic emissions during solids incineration, it was 
decided to take a sample after each of the solids testing 
conditions. 

LANL contracted CEP laboratories to perform the POHC and 
other laboratory analyses. CAE deliver.ed the samples 
directly to CEP in Santa Fe, New Mexico. The results are 
presented in Appendix A under Analytical Results. 
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3.2 ANALYTICAL PROCEDURES 

Analysis for levels of cc14 and TCE in offgas samples was 
performed according to the procedures outlined in 
"Procedures for the Collection and Analysis of Volatile POHC 
Using VOST," EPA-600/8-84-007, March 1984. This is a draft 
method that has not yet been promulgated by the u.s. EPA. 

Analyses of solid and liquid samples were performed in 
accordance with "Methods for Chemical Analysis of Water and 
Waste," EPA-600/4-79-020, March 1979. 

ORGANIC ANALYSIS 

VOST Sample Analysis 

The two adsorbent cartridges taken for each sample period 
were thermally desorbed to volatilize the sample, which was 
then trapped on an analytical sorbent trap. This trap was 
in turn heated to 180°C and the effluent injected into a Gas 
Chromatograph/Mass Spectrometer (GC/MS) for analysis. The 
volatile POHCs are separated by temperature programmed gas 
chromatography and detected by low resolution mass 
spectrometry. 

The GC/MS was tuned every 12/24 hour period to meet USEPA 
key abundance criteria for 4-Bromofluorobenzene (4-BFB) 
before any standards or samples were analyzed. 50.0 
nanograms (ng) of 4-BFB was injected daily directly on 
column and analyzed. 50.0 ng of 4-BFB was also analyzed by 
adding to a blank TENAX sorbent cartridge and desorbing 
according to the procedures outlined in the VOST protocol. 
Percent recovery was calculated each day to monitor 
recovery. The average recovery was 77.3 percent for the 
period of sample analysis. 
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The internal standard calibration method was used to 
initially establish response factors and to establish the 
ability to generate acceptable accuracy. The standard 
deviation of both cc14 and TCE for their initial calibration 
response factors was 0.09. A USEPA quality assurance; 
quality control sample of cc1 4 and TCE was spiked into TENAX 
and TENAX/charcoal by the flash vaporization technique. The 
results of both parameters were within 10 percent of the 
known value. Each day blanks were run to demonstrate that 
interferences from the analytical system were under control. 

It was discovered that in some instances the sample 
concentration was outside the internal standard calibration 
curve. In these cases external standard techniques were 
employed with a minimum of three calibration standards 
analyzed, bracketing sample concentrations run that day. 



Problems experienced in the analysis of VOST samples were 
with breakage of the sample cartridges and with quenching of 
the analytical detector. The VOST cartridges were 
originally supplied with Teflon filled ferrules. When 
tightened sufficiently to form a hermetic seal, uneven 
pressure was exerted by the ferrule on the glass surface, 
causing the VOST cartridge to fracture. Seal problems were 
also experienced with these ferrules during thermal 
desorption of the cartridges. Graphite ferrules, which are 
softer than teflon filled ferrules, seal with less 
tightening and retain a hermetic seal during thermal 
desorption, were used to correct this problem. However, 
three cartridges were received in broken condition, and 
others were broken from over tightening by the analysts 
attempting to form an airtight seal. 

Analytical detector quenching occurs when a quantity of a 
particular mass fragment exceeds a preset value of signal 
counts for a mass selective detector. Once this preset 
value is exceeded the data gathering activity of the system 
is terminated. The analyst must them restart the equipment 
manually if any more data is to be acquired from the sample 
injection. This occurred in some instances during the 
analysis of VOST cartridges. Carbon tetrachloride was in 
high enough concentrations to cause detector quenching. 
Furthermore, cc1 4 was the first component of interest to 
elute from the gas chromatographic column, thus causing 
instrument shutdown and loss of data. 

In cases for which one of the cartridges was broken or the 
analytical detector quenched, emission rates of POHC were 
reported as "greater than" values and OREs were not 
reported. 

Aqueous Sample Analysis 
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All aqueous samples were analyzed by USEPA method 601. 
External calibration techniques were used with EPA traceable 
stock solutions at a minimum of three concentrations at the 
beginning of each 12/24 hour period. EPA Quality Control 
samples were run daily to monitor laboratory performance. 
Reagent water and system blanks were run on a frequency of 
10 percent or daily to demonstrate system stability. 
Replicate standards were run on a frequency of 10 percent to 
monitor instrument precision and accuracy. Both percent 
standard deviation and average percent recovery were within 
method limits. 

Liquid Samples 

All feed stock and liquid mixtures were analyzed by USEPA 
method 8010. Calibration standards from USEPA traceable 
stock solutions at a minimum of three concentrations were 
analyzed daily for external standard calibration. System 



blanks were run daily to demonstrate system control. EPA 
Quality Control samples were used initially to verify 
accuracy of standard concentrations. Percent standard 
deviation of USEPA Quality Control standards averaged 6.1 
percent for cc14 and 8.0 percent for TCE. Replicate samples 
were analyzed ae a frequency of 10 percent to monitor 
instrument precision. The percent standard deviation for 
twenty-six samples was 4.3 percent. 
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Initial results for percentage levels of cc14 and TCE in 
feed stocks and liquid mixture feed blends were off by as 
much as a factor of four. This can be attributed to 
dilution error in the samples by the analytical lab 
performing the analysis. Samples were diluted from one to 
ten thousand (1/10,000) and one to one hundred thousand 
(1/100,000) in order to stay within the working range of the 
gas chromatograph and analytical detector. Significant 
error can result with dilutions of this magnitude. Once the 
error was discovered, the samples were reanalyzed using 
smaller injection volumes and a less sensitive analytical 
detector, along with lower dilution rates. 

Solid Samples 

All solid samples were analyzed by USEPA method 8010, using 
thermal desorption and gas chromatography. See "Liquid 
Samples," above. 

INORGANIC ANALYSIS 

Liquids and Solids 

Analysis for chlorides in liquid and solid samples was 
performed by Ion Chromatography in accordance with USEPA 
method 300.0. 

Trace Metals 

Levels of aluminum (Al) and iron (Fe) in EPA Method 5 
particulate samples were determined using Atomic Adsorption 
Graphite Furnace analysis techniques in accordance with 
USEPA methods 202.2 and 236.2. Analysis for sodium (Na) was 
by Direct Aspiration Flame technique in accordance with 
USEPA method 273.1. 

PHYSICAL PROPERTIES 

Liquid Feed 

Analyses of liquid feed samples for determination of 
physical properties and elemental composition were performed 
by Clean Air Engineering on archived sample splits. The 



following methods/techniques were employed for the analyses: 

Carbon, Hydrogen 
Nitrogen 
Sulfur 
BTU/lb 
Chlorine 
Density 
%CC1 4 
%TCE 
%Fuel Oil 

ASTM 3178 
ASTM 3179 
ASTM 3177 
ASTM 2015 
ASTM 4208 
Weight/unit vol @ 20°c 
GcjFID 
Gc/FID 
Gc/FID 

Results of analysis for all samples are presented in the 
reports in Appendix A. 
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3.3 QUALITY CONTROL PROCEDURES 

Sampling 

All sa~p~es were taken either by, or under the direction and 
superv1s1on of, the sampling contractor, Clean Air 
Engineering, Inc., in accordance with EPA methods and 
procedures and adhering to the provisions of the guidelines 
set forth in the documents appearing in Appendices I, J, K, 
L and N. Sample custody was the responsibility of the 
sampling contractor from the time of sample collection until 
the samples were delivered to the analytical laboratory. 
Chain of Custody forms, establishing independence of sample 
custody, are presented in Appendix F. 

Analysis 

Approximately 10 percent of the analyses performed for this 
study were evaluated by the insertion of Quality Control 
(QC) samples. six different types of Audit QC samples were 
included in the sample batches collected by the Clean Air 
Engineering, Inc. sampling team and subsequently shipped to 
CEP in Santa Fe for analysis. 

These QC samples were prepared by HSE-9 QA/QC at Los Alamos 
National Laboratory. The values of the spike levels of the 
QC samples were unknown to all of the principals involved, 
including the contract manager. The QC values were not 
divulged by HSE-9 QA/QC until all of the laboratory data 
from CEP of Santa Fe had been reported. 

Most of the standards used in the preparation of these 
samples were supplied' by Chem Services or SPEC labs. The 
later spiked VOST cartridges were prepared from standards 
that are traceable to the USEPA. 

The six different types of QC samples that were prepared 
were: 

a) Chloride ion in a water matrix; 

b) Inorganic cations (FE, Al) in a water matrix; 

c) cc14 and TCE in a soil matrix; 

d) cc14 and TCE in a water matrix; 

e) cc14 and TCE in a Fuel Oil matrix; 

f) cc1 4 and TCE on VOST cartridges. 
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Results from analysis of chloride and inorganic (Fe & Al) 
containing QC samples spiked at various target levels showed 



good recoveries, with an average percent recovery of 103% 
for chlorides and 119% for the inorganics. HSE-9 did not 
have an appropriate Na standard when these QC samples were 
spiked; therefore, a QC sample for Na was not submitted. 

The average percent recovery for the liquid mixture feed 
containing QC sample was 87%. Two sets of organic in water 
QC samples were submitted. Average percent recoveries were 
167% and 58% for cc14 , and 56% and 126% for TCE in sets one 
and two, respectively. 

Results for both sets of organic in soil QC samples were 
inconclusive. A discussion of these results is found in 
Appendix A. 
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VOST QC Samples 

The original QA/QC protocol suggested that a surrogate 
chemical compound be added to approximately 10% of the VOST 
cartridges prior to their being analyzed, so that surrogate 
data could be used to calculate recovery as a measure of the 
accuracy of sample preparation and analysis. This scheme 
was not adhered to, however, because it was felt that 
artificially spiking these TENAX based cartridges with a 
surrogate compound dissolved in methanol might inadvertently 
alter the adsorption properties of the VOST cartridges. It 
is well known in the chemical literature that the adsorption 
of some types of compounds onto TENAX will desorb other 
compounds. Thus, it was decided to insert approximately 10% 
blind QC samples into the sample batches in lieu of using 
surrogate spikes. These QC samples were spiked with known 
concentrations of the two compounds of interest (CC1 4 and 
TCE). In addition, the EPA provided audit gas samples as 
another check on the accuracy of the VOST assays. 

Three sets of VOST QC audit samples were submitted for 
analyses. In the first set, a 1000-to-1 dilution error 
spiked TCE in concentrations much higher than expected in 
offgas. Average recoveries for this set were 50% for cc1 4 
and 5.5% for TCE. The second set was spiked more in range 
with concentrations actually seen in the offgas samples and 
showed much better recoveries, averaging 130% for cc1 4 and 
127% for TCE. USEPA audit gases were used to spike the 
third set of VOST QC samples and average recoveries of 78.5% 
for cc1 4 and 98.6% for TCE resulted. 

The EPA samples were gas phase and are therefore 
considerably more representative of a true stack gas sample 
than are the samples provided by the HSE-9 QA/QC laboratory. 
HSE-9's samples were liquid phase spikes which in no way 
represented real world conditions. This becomes even more 
clear when the QC results from the two spiking procedures 
are examined. The EPA gas phase audit samples are within a 



few percent of the "True Value" while the liquid phase 
samples differ in some cases by much greater amounts. 

Detailed results for the analysis of all audit samples are 
presented with a discussion in Appendix A. 
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4.0 RESULTS 

The trial burn was comprised of four test conditions, two of 
liquid feed and two of solid feed, during which the primary 
variable was combustion chamber temperature. During 
conditions 1 and 2 (liquid feed), a total of 1269 lb of cc1 4 
and 558 lb of TCE were fed to the incinerator. Total cc14 and TCE fed to the incinerator during conditions 3 and 4 
(solid feed) was 964 lb and 442 lb, respectively. For the 
whole of the trial burn, a total of 2233 pounds of cc14 and 
1000 pounds of TCE was fed to the incinerator. 

Principal Organic Hazardous Constituents 

Test conditions and results of analysis for the destruction 
and removal efficiency (DRE) of the principal organic 
hazardous constituents in the incinerator feed are presented 
in Tables 1 through 4 of this report. 
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Particulate Emissions 

Test conditions and results of analysis for particulate 
emissions are presented in Tables 5 through 8 of this 
report. 

Carbon Monoxide and Chloride Emissions 

The test conditions and results of analysis for carbon 
monoxide and chloride emissions are presented along with the 
particulate emissions results in Tables 5 through 8 of this 
report. 

Data required for the determination of POHC, HCl and 
particulate emission rates and DRE are located in Appendices 
A through E and in the Clean Air Engineering, Inc. report on 
the trial burn, Appendix 0 of this report. 
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4.1 SUMMARY OF TEST RESULTS 

Destruction and Removal Efficiency (DRE) of POHCs 

Destruction and Removal Efficiencies are based on the inlet 
mass flow rate calculated from waste feed material and the 
outlet measured mass flow rate. 

A. Carbon Tetrachloride (CC1 4) 

1) The DRE of CC1 4 during condition 1 exceeded 99.99% for 
VOST sample periods 1-2, 1-5 and 1-6. The DRE of cc14 
for periods 1-1, 1-3 and 1-4 can only be expressed as 
"less than" values and are, therefore, not reported. 

2) The DRE of cc14 during condition 2 exceeded 99.99% for 
VOST sample periods 2-1, 2-4, 2-5 and 2-6. The DRE of 
cc1 4 for periods 2-2 and 2-3 can only be expressed as 
"less than" values and are, therefore, not reported. 

3) The DRE of cc14 during condition 3 exceeded 99.99% for 
all six VOST sample periods. 

4) The DRE of cc14 during condition 4 exceeded 99.99% for 
all six VOST sample periods. 

B. Trichloroethylene (TCE) 

1) The DRE of TCE during condition 1 exceeded 99.9999% for 
VOST sample periods 1-2, 1-3 and 1-6. The DRE of TCE 
for periods 1-1, 1-4 and 1-5 can only be expressed as 
"less than" values and are, therefore, not reported. 

2) The DRE of TCE during condition 2 exceeded 99.9999% for 
VOST sample periods 2-1, 2-4, 2-5 and 2-6. The DRE of 
TCE for periods 2-2 and 2-3 can only be expressed as 
"less than" values and are, therefore, not reported. 

3) The DRE of TCE during condition 3 
VOST sample periods 3-5 and 3-6. 
periods 3-1, 3-2, 3-3 and 3-4 was 
but did not achieve 99.9999%. 

exceeded 99.9999% for 
The DRE of TCE for 
greater than 99.999% 

4) The DRE of TCE during condition 4 exceeded 99.9999% for 
five of the six VOST sample periods. The DRE of TCE for 
period 4-4 was 99.99985%. 



Exhaust Stack Particulate Emissions 

1) Particulate concentrations (corrected to 7% o2) were 
no greater than 0.0110 grjdscf for all three EPA 
Method-S sample periods during condition 1. 

2) Particulate concentrations (corrected to 7% o2) were 
no greater than O.OlS3 grjdscf for all three EPA 
Method-S sample periods during condition 2. 

3) Particulate concentrations (corrected to 7% o2) were 
no greater than 0.0237 grjdscf for all three EPA 
Method-S sample periods during condition 3. 

4) Particulate concentrations (corrected to 7% o2) were 
no greater than 0.0244 grjdscf for all three EPA 
Method-S sample periods during condition 4. 

Chloride Removal Efficiency 

1) The chloride removal efficiency during condition 1 was 
>99.998% for all three EPA Method-S sample periods. 

1) The chloride removal efficiency during condition 2 was 
>99.939% for all three EPA Method-S sample periods. 

1) The chloride removal efficiency during condition 3 was 
>99.623% for all three EPA Method-S sample periods. 

1) The chloride removal efficiency during condition 4 was 
>99.609% for all three EPA Method-S sample periods. 

Carbon Monoxide (CO) Concentration at the Stack 
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1) The co concentration during condition 1 averaged 8 ppmv 
over the three EPA Method-s sampling periods. 

2) The co concentration during condition 2 averaged 6 ppmv 
over the three EPA Method-S sampling periods. 

3) The co concentration during condition 3 averaged s ppmv 
over EPA Method-S sampling periods 2 and 3. 

4) The co concentration during condition 4 averaged 6 ppmv 
over the three EPA Method-S sampling periods. 



TABLE lA 
Summary of Results 

Principle Organic Hazardous Constituents 
Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 4, 1986 

Run No. 
Start Time (Approx.) 

Organic Feed Rate 
cc14 , ( lbmjhr) 
TCE , ( lbmjhr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
o2 , (Volume %) 
co2 , (Volume %) 
Density, (lbm/ft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbmjhr 

Organic 
CC1 4 , 
CC1 4 , 
TCE, 
TCE, 

Emissions 
(ppbv) 
(lbmjhr) 
(ppbv) 
(lbmjhr) 

Condition 1 

1-1 
1:10pm 

65.91 
28.50 

209 
35.20 
9.2 
8.6 
0.0407 
73.60 

1475 
586 

3604 

1>1. 88 
1 >2.64E-5 

1*** 
1*** 

1-2 
2:00pm 

74.80 
32.34 

209 
35.20 
9.2 
8.6 
0.0407 
73.60 

1475 
586 

3604 

65.09 
9.13E-4 
1.81 
2.17E-5 

1-3 
2:43pm 

74.80 
32.34 

209 
35.20 
9.2 
8.6 
0.0407 
73.60 

1475 
586 

3604 

56.14 
7.88E-4 

<0.129 
<1.54E-6 

Destruction & Removal Efficiency
1 CC1 4 , (%) *** 

TCE, (%) 1*** 
99.99878 99.99895 
99"99993 >99.99999 

1 Analytical detector quenched
results possibly underestimated. 
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TABLE lB 
summary of Results 

Principle Organic Hazardous Constituents 
Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 4, 1986 

Run No. 
Start Time (Approx.) 

Organic Feed Rate 
cc14 , (lbm/hr) 
TCE , ( lbm/hr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
0 , (Volume %) 
c&2 , (Volume %) 
Density, (lbm/ft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbmjhr 

Organic 
CC14 , 
CC1 4 , 
TCE, 
TCE, 

Emissions 
(ppbv) 
(lbmjhr) 
(ppbv) 
(lbmjhr) 

Condition 1 

1-4 
3:25pm 

76.39 
33.04 

209 
35.20 
9.2 
8.6 
0.0407 
73.60 

1475 
586 

3604 

1>59.18 
1 >8.30E-4 
1*** 
1*** 

Destruction & Removal Efficiency 
cc1 4, (%) 1*** 
TCE, (%) 1*** 

1 Analytical detector quenched
results possibly underestimated. 

1-5 
6:54pm 

76.92 
33.30 

213 
36.52 
9.2 
8.6 
0.0401 
73.60 

1521 
585 

3654 

1>52.57 
i>7.37E-4 

*** 
1*** 

1-6 
7:38pm 

76.92 
33.30 

213 
36.52 
9.2 
8.6 
0.0401 
73.60 

1521 
585 

3654 
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52.43 
7.35E-4 
1. 588 
1. 90E-5 

99.99904 
99.99994 



TABLE 2A 
Summary of Results 

Principle Organic Hazardous Constituents 
Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 5, 1986 
Condition 2 

Run No. 
start Time (Approx.) 

Organic Feed Rate 
cc1 4 , (lbm/hr) 
TCE , ( lbm/hr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
o 2 , (Volume %) 
co2 , (Volume %) 
Density, (lbm/ft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbmjhr 

Organic 
CC14 , 
CC1 4 , 
TCE, 
TCE, 

Emissions 
(ppbv) 
(lbmjhr) 
(ppbv) 
(lbm/hr) 

Destruction & Removal Efficiency 

2-1 
9:50am 

78.63 
33.17 

216 
32.45 
10.4 
8.0 
0.0405 
93.34 

1351 
550 

3283 

0.62 
8.16E-6 

<0.115 
<1. 30E-6 

CC14 I (%) 99.99999 
TCE, (%) >99. 99999 

1 Analytical detector quenched-
2 Sample broken by analytical laboratory

results possibly underestimated. 

2-2 
10:44am 

78.63 
33.17 

216 
32.45 
10.4 
8.0 
0.0405 
93.34 

1351 
550 

3283 

1*** 
1*** 
1*** 
1*** 

2-3 
12:16pm 

77.84 
32.78 

226 
31.96 
10.4 
8.0 
0.0400 
93.34 

1356 
548 

3255 

2*** 
2*** 

2>0.115 
2>1. 29E-6 
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TABLE 2B 
summary of Results 

Principle Organic Hazardous Constituents 
Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 5, 1986 

Run No. 
Start Time (Approx.) 

Organic Feed Rate 
cc1 4 , ( lbmjhr) 
TCE, ( lbm/hr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
o 2 , (Volume %) 
co2 , (Volume %) 
Density, (lbm/ft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbm/hr 

Organic 
CC1 4 , 
CC1 4 , 
TCE, 
TCE, 

Emissions 
(ppbv) 
(lbmjhr) 
(ppbv) 
(lbmjhr) 

Condition 2 

2-4 
1:02pm 

77.84 
32.78 

226 
31.96 
10.4 
8.0 
0.0400 
93.34 

1356 
548 

3255 

11.98 
1. 57E-4 
1.93 
2.17E-5 

Destruction & Removal Efficiency 

2-5 
2:48pm 

78.37 
33.04 

229 
31.99 
10.4 
8.0 
0.0398 
93.34 

1345 
541 

3214 

44.99 
5.83E-4 
1. 32 
1. 46E-5 

2-6 
3:27pm 

78.37 
33.04 

229 
31.99 
10.4 
8.0 
0.0398 
93.34 

1345 
541 

3214 

20 

62.91 
8.15E-4 
1.43 
1. 58E-5 

CC1 4 , (%) 99.99979 99.99925 99.99896 
TCE, (%) 99.99993 99.99996 99.99996 



TABLE 3A 
summary of Results 

Principle Organic Hazardous Constituents 
Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 6, 1986 

Run No. 
Start Time (Approx.) 

Organic Feed Rate 
cc14 , ( lbmjhr) 
TCE , ( lbmjhr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
0 , (Volume %) 
c62 , (Volume %) 
Density, (lbmjft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbm/hr 

Organic 
CC1 4 , 
CC1 4 , 
TCE, 
TCE, 

Emissions 
(ppbv) 
(lbm/hr) 
(ppbv) 
(lbm/hr) 

Condition 3 

3-1 
10:36am 

49.30 
24.19 

225 
35.40 
10.1 
8.0 
0.0396 
87.66 

1543 
596 

3669 

22.05 
3.15E-4 
2.75 
3.35E-5 

Destruction & Removal Efficiency 

3-2 
11:17am 

49.30 
24.19 

225 
35.40 
10.0 
7.6 
0.0396 
87.66 

1543 
596 

3669 

22.46 
3.20E-4 
2.77 
3.38E-5 

3-3 
5:09pm 

55.77 
27.22 

216 
39.47 
10.2 
7.6 
0.0392 
85.08 

1654 
604 

3888 

21 

57.68 
8.34E-4 
14.80 
1.83E-4 

CC1 4 , ( %) 99.99937 99.99935 99.99851 
TCE, (%) 99.99986 99.99986 99.99933 



TABLE 3B 
Summary of Results 

Principle Organic Hazardous Constituents 
Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 6, 1986 

Run No. 
Start Time (Approx.) 

Organic Feed Rate 
cc1 4 , ( lbmjhr) 
TCE, ( lbmjhr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
o 2 , (Volume %) 
co2 , (Volume %) 
Density, (lbm/ft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbmjhr 

Organic 
CC1 4 , 
CC1 4 , 
TCE, 
TCE, 

Emissions 
(ppbv) 
(lbm/hr) 
(ppbv) 
(lbm/hr) 

Condition 3 

3-4 
5:56pm 

55.77 
27.22 

216 
39.47 
10.0 
7.6 
0.0392 
85.08 

1654 
604 

3888 

46.01 
6.65E-4 
6.59 
8.14E-5 

Destruction & Removal Efficiency 

3-5 
7:24pm 

54.05 
26.17 

210 
27.36 
10.2 
7.6 
0.0418 
88.69 

1565 
692 

3922 

2.41 
4.00E-5 
0.066 
9.30E-7 

3-6 
7:57pm 

54.05 
26.17 

210 
27.36 
10.2 
7.6 
0.0418 
88.69 

1565 
692 

3922 

22 

29.14 
4.83E-4 
0.091 
1. 29E-6 

CC1 4 , (%) 99.99881 99.99992 99.9991 
TCE, (%) 99.99969 99.99999 99.99999 



TABLE 4A 
Summary of Results 

Principle Organic Hazardous Constituents 
Destruction and Removal Efficiency 
(Volatile Organic sampling Train) 

September 7, 1986 

Run No. 
Start Time (Approx.) 

Organic Feed Rate 
cc1 4 , (lbmjhr) 
TCE , ( lbmjhr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
o 2 , (Volume %) 
co2 , (Volume %) 
Density, (lbm/ft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbmjhr 

organic 
CC1 4 , 
CC1 4 , 
TCE, 
TCE, 

Emissions 
(ppbv) 
(lbmjhr) 
(ppbv) 
(lbmjhr) 

Condition 4 

4-1 
1:49pm 

57.36 
28.28 

213 
25.37 
12.3 
5.9 
0.0419 
132.33 

1468 
666 

3685 

54.73 
8.73E-4 
0.595 
8.10E-6 

Destruction & Removal Efficiency 

4-2 
2:30pm 

57.36 
28.28 

213 
25.37 
12.3 
5.9 
0.0419 
132.33 

1468 
666 

3685 

5.96 
9.50E-5 

<0.118 
<1.61E-6 

4-3 
3:53pm 

58.68 
28.41 

211 
25.59 
11.0 
7.0 
0.0421 
103.31 

1538 
698 

3886 

23 

27.23 
4.55E-4 
0.441 
6.31E-6 

CC14 I (%) 99.99848 99.99983 99.99922 
TCE I ( %) 99.99997 >99. 99999 99.99998 



TABLE 4B 
Summary of Results 

Principle Organic Hazardous Constituents 
Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 7, 1986 

Run No. 
start Time (Approx.) 

Organic Feed Rate 
cc14 , ( lbmjhr) 
TCE , ( lbmjhr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
o 2 , (Volume %) 
co2 , (Volume %) 
Density, (lbm/ft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbmjhr 

Organic 
CC1 4 , 
CC1 4 , 
TCE, 
TCE, 

Emissions 
(ppbv) 
(lbmjhr) 
(ppbv) 
(lbm/hr) 

Condition 4 

4-4 
4:38pm 

58.68 
28.41 

211 
25.59 
11.0 
7.0 
0.0421 
103.31 

1538 
698 

3886 

61.56 
1.03E-3 
2.910 
4.16E-5 

Destruction & Removal Efficiency 

4-5 
6:09pm 

61.59 
30.13 

202 
26.07 
10.2 
8.0 
0.0427 
89.51 

1536 
701 

3933 

59.11 
9.93E-4 
1. 808 
2.59E-5 

4-6 
6:46pm 

61.59 
30.13 

202 
26.07 
10.2 
8.0 
0.0427 
89.51 

1536 
701 

3933 

24 

49.36 
8.29E-4 
1. 368 
1.96E-5 

CC1 4 , ( %) 99.99824 99.99839 99.99865 
TCE, ( %) 99.99985 99.99991 99. 99993 



TABLE 5 
Summary of Results 

Particulate, CO and HCl Emissions 
(EPA Method 5) 

September 4, 1986 
Condition 1 

Run No. 
Start Time (Approx.) 

Organic Feed Rate 
cc1 4 , (1bmjhr) 
TCE, ( 1bm/hr) 
Total Chloride 
(as HCl) , ( lbmjhr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
0 , (Volume %) 
c82 I (Volume %) 
Density, (lbm/ft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbm/hr 

Particulate Emissions 
grjdscf 
gr/dscf (corr. to 7% o 2 ) 
lbmjhr 

Carbon Monoxide Emissions 
ppmv 
ppmv (corr. to 12% co2 ) 
ppmv 
(corr. to 50% Excess Air) 
lbmjhr 

Chloride Emissions (as HCl) 
ppmv 
lbm/hr 

Chloride Removal Efficiency (%) 

Percent Isokinetic (%) 

1-1 
1:10pm 

70.36 
30.42 

92.01 

209 
35.20 
9.2 
8.6 
0.0407 
73.60 

1475 
586 

3605 

0.0093 
0.0110 
0.0466 

5 
7 

6 
0.013 

<0.485 
<0.0016 

>99.998 

103.91 

1-2 
6:52pm 

76.92 
33.30 

100.63 

213 
36.52 
9.2 
8.6 
0.0401 
73.60 

1521 
585 

3654 

0.0056 
0.0066 
0.0280 

6 
8 

7 
0.015 

<0.489 
<0.0016 

>99.998 

104.11 

1-3 
9:25pm 

76.92 
33.30 

100.63 

212 
36.60 
9.2 
8.6 
0.0401 
73.60 

1467 
565 

3528 

0.0087 
0.0103 
0.0422 

7 
17 

14 
0.030 

25 

<0.477 
<0.0015 

>99.998 

104.94 



TABLE 6 
Summary of Results 

Particulate, co and HCl Emissions 
(EPA Method 5) 

September 5, 1986 
Condition 2 

Run No. 
start Time (Approx.) 

Organic Feed Rate 
cc14 , (lbmjhr) 
TCE, ( lbm/hr) 
Total Chloride 
(as HCl) , ( lbmjhr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
o2 , (Volume %) 
co2 , (Volume %) 
Density, (lbmjft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbm/hr 

Particulate Emissions 
grjdscf 
grjdscf (corr. to 7% o2 ) 
lbm/hr 

Carbon Monoxide Emissions 
ppmv 
ppmv (corr. to 12% co2 ) 
ppmv 
(corr. to 50% Excess Air) 
lbm/hr 

Chloride Emissions (as HCl) 
ppmv 
lbm/hr 

Chloride Removal Efficiency (%) 

Percent Isokinetic (%) 

2-1 
9:50am 

78.63 
33.17 

102.14 

216 
32.45 
10.4 
8.0 
0.0405 
93.34 

1351 
550 

3283 

0.0104 
0.0137 
0.0488 

5 
8 

6 
0.012 

<0.447 
<0.0014 

>99.998 

98.60 

2-2 
12:20pm 

77.84 
32.78 

101.08 

226 
31.96 
10.4 
8.0 
0.0400 
93.34 

1356 
548 

3255 

0.0086 
0.0114 
0.0405 

6 
9 

8 
0.014 

19.76 
0.0614 

99.939 

102.24 

2-3 
2:40pm 

78.37 
33.04 

101.78 

229 
31.99 
10.4 
8.0 
0.0398 
93.34 

1345 
541 

3214 

0.0116 
0.0153 
0.0537 

7 
11 

9 
0.017 

137.5 
0.422 

99.585 

101.27 

26 



TABLE 7 
summary of Results 

Particulate, CO and HCl Emissions 
(EPA Method 5) 

September 6, 1986 
Condition 3 

Run No. 
Start Time (Approx.) 

Organic Feed Rate 
cc1 4 , (lbmjhr) 
TCE , ( lbm/hr) 
Total Chloride 
(as HCl), (lbmjhr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
o , (Volume %) 
c62 , (Volume %) 
Density, (lbm/ft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbm/hr 

Particulate Emissions 
grjdscf 
grjdscf (corr. to 7% o 2 ) 
lbm/hr 

Carbon Monoxide Emissions 
ppmv 
ppmv (corr. to 12% co2 ) 
ppmv 
(corr. to 50% Excess Air) 
lbmjhr 

Chloride Emissions Cas HCl) 
ppmv 
lbm/hr 

Chloride Removal Efficiency (%) 

Percent Isokinetic (%) 

3-1 
10:35am 

49.30 
24.19 

67.01 

225 
35.40 
10.1 
8.0 
0.0396 
87.66 

1543 
596 

3669 

0.0120 
0.0154 
0.0611 

3 

74.68 
0.253 

99.623 

104.74 

3 Data out of range of the upper limit. 

3-2 
5:07pm 

55.77 
27.22 

75.52 

216 
39.47 
10.0 
7.6 
0.0392 
85.08 

1654 
604 

3888 

0.0165 
0.0210 
0.0852 

5 
8 

6 
0.013 

33.00 
0.113 

99.850 

105.65 

3-3 
7:27pm 

54.05 
26.17 

72.88 

210 
27.36 
10.2 
7.6 
0.0418 
88.69 

1565 
692 

3922 

0.0183 
0.0237 
0.1086 

5 
8 

6 
0.015 

50.40 
0.198 

99.728 

97.96 

27 



TABLE 8 
Summary of Results 

Particulate, CO and HCl Emissions 
(EPA Method 5) 

September 7, 1986 
Condition 4 

Run No. 
Start Time (Approx.) 

Organic Feed Rate 
cc1 4 , ( lbmjhr) 
TCE, ( lbmjhr) 
Total Chloride 
(as HCl) , ( lbmjhr) 

Gas Conditions 
Temperature, (°F) 
Moisture, (Volume %) 
o 2 , (Volume %) 
co2 , (Volume %) 
Density, (lbmjft3 ) 
Excess Air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lbmjhr 

Particulate Emissions 
grjdscf 
grjdscf (corr. to 7% o 2 ) 
lbm/hr 

Carbon Monoxide Emissions 
ppmv 
ppmv (corr. to 12% co2 ) 
ppmv 
(corr. to 50% Excess Air) 
lbm/hr 

Chloride Emissions Cas HCl) 
ppmv 
lbm/hr 

Chloride Removal Efficiency (%) 

Percent Isokinetic (%) 

4-1 
1:50pm 

57.36 
28.28 

77.93 

213 
25.37 
12.3 
5.9 
0.0419 
132.33 

1468 
666 

3685 

0.0055 
0.0089 
0.0315 

5 
10 

8 
0.015 

13.0 
0.049 

99.937 

96.30 

4-2 
3:57pm 

58.68 
28.41 

79.25 

211 
25.59 
11.0 
7.0 
0.0421 
103.31 

1538 
698 

3886 

<0.0001 
<0.0001 
<0.001 

5 
9 

7 
0.015 

71.2 
0.282 

99.644 

101.63 

4-3 
7:10pm 

61.59 
30.13 

83.36 

202 
26.07 
10.2 
8.0 
0.0427 
89.51 

1536 
701 

3933 

0.0188 
0.0244 
0.1132 

7 
11 

9 
0.021 

82.0 
0.326 

99.609 

103.11 

28 



5.0 DISCUSSION 

5.1 RESULTS 

Destruction and Removal of Carbon Tetrachloride 

During analysis of VOST cartridges from condition 1, results 
from periods 2, 3 and 6 yielded OREs in excess of 99.99%. 
The samples obtained during runs 1, 4 and 5 quenched the 
flame in the analytical detector. Emissions for these 
periods were reported as "greater than" values in the 
analytical report. Due to this, OREs calculated for these 
periods can only be reported as "less than" values, and 
their validity is subject to question. Hence, they are not 
reported. 

During analysis of VOST cartridges from condition 2, 
analysis of samples from periods 1, 4, 5 and 6 yielded OREs 
in excess of 99.99%. The sample obtained from run 2 
quenched the flame in the analytical detector. The sample 
container used from run 3 was broken at the analytical 
laboratory and the sample was lost. Because of this, OREs 
for these two periods are not reported. 

All samples taken during conditions 3 and 4 were analyzed 
without problems and DREs for cc14 calculated for these 
conditions exceeded 99.99% in all cases . 
Destruction and Removal Efficiency of Trichloroethylene 

For condition 1, only the analytical results from runs 2, 3 
and 6 were used to calculate OREs. OREs for TCE exceeded 
99.9999% for these periods. The samples obtained from runs 
1, 4 and 5 quenched the flame in the analytical detector. 
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For condition 2, only the analytical results from runs 1, 4, 
5 and 6 were used to calculate OREs. OREs for TCE exceeded 
99.9999% for these periods. The sample obtained from run 2 
quenched the flame in the analytical detector and the sample 
from run 3 was broken and could not be analyzed. 

Results were obtained from the analysis of all the samples 
from condition 3. OREs of TCE exceeded 99.9999% for runs 5 
and 6. OREs for runs 1, 2, 3 and 4 fell near, but below, 
99.9999%. 

Results were obtained from the analysis of all the samples 
from condition 4. The only run for which the DRE of TCE did 
not exceed 99.9999% was period 4. 



Problems with DRE of TCE During Condition 3 

In comparing differences in the CAI process behavior during 
conditions 3 and 4 to determine why DRE performance 
standards were not met in runs 1-4 of condition 3, the 
following observations can be made: 

a) Primary chamber temperatures averaged ca. 1675°F for 
day 3 and 1460°F for day 4; 

b) Secondary chamber temperatures were steady at 2200°F 
for day 3 and 2000°F for day 4. 

c) The percentage of o2 in the secondary chamber offgas 
averaged ca. 7% on day 3 and 10% on day 4. 

The lower temperatures in the primary combustion chamber 
during condition 4 might have served to allow smoother, less 
energetic volatilization of the organics in the solid feed 
matrix than was the case in condition 3. In addition, the 
lower temperatures in both primary and secondary chambers 
would have allowed a longer residence time for more complete 
destruction of the TCE. 

A higher percentage of excess air during condition 4, and 
hence a higher sec o2 level, would also be expected to 
produce a favorable shift towards complete combustion of the 
solids. 

Process conditions during run 4 of condition 4 did not 
differ significantly from those of the other periods during 
that day, when DRE performance standards of >99.9999% were 
met. No explanation presents itself for this anomaly. 

Particulate Emissions at the Stack 

The EPA Method 5 sample train was modified by replacing the 
water in the impingers with 0.1 N sodium hydroxide to 
enhance the collection of chlorides from the gas stream. 
For this reason, the condensed moisture was measured 
gravimetrically and not volumetrically. 
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The first and last traverse points were adjusted to 1 inch 
away from the duct wall. The volume of gas mete~ed during 
run 1, condition 1, was adjusted down by 0.12 ft because of 
a leak check run on the sample train between points 1-1 and 
1-2. 

Carbon Monoxide Concentrations at the Stack 

During conditions 1, 2 and 4, the co concentrations averaged 
10 ppmv when corrected to 12% co2 in the stack gas. During 
run 1, condition 3, the CO concentration exceeded the upper 



limit of the detector and chart recorder. This corresponded 
to, and was a result of, an inadvertent reduction in the 
amount of steam injection into the primary chamber during 
this period (see Appendix B). The chart recorder system was 
calibrated so that the upper limit was approximately 500 
ppmv co. Following renewal of steam injection, the co 
concentration dropped to an average of about 10 ppmv when 
corrected to 12% co2 during runs 2 and 3. During run 2, two 
peaks were noted. At actual stack conditions, the first 
peak of 70 ppmv occured at 5:16 pm and the second peak of 63 
ppmv occured at 5:29 pm. 
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These results were determined by continuous gas sample 
analysis employing the NDIR and procedures outlined in EPA 
Method 10. Problems in the operation and calibration of the 
FID instrument made its results somewhat suspect and no 
assessment of comparative accuracy of the two instruments or 
methods is possible at this time. 

Gaseous Chloride Emissions 

During condition 1, gaseous chloride concentrations were 
below the detectable limit of 0.5 ppmv. During condition 2, 
gaseous chloride concentrations rose from <0.5 ppmv during 
run 1 to 137 ppmv during run 3. 

During condition 3, gaseous chloride concentrations averaged 
53 ppmv over the three runs. During condition 4, gaseous 
chloride concentrations went from 13 ppmv during run 1 to 82 
ppmv during run 3. 

The scrubber discharge liquid (process sump) pH during the 
trial burn varied between values of 1.4 to 12.6. Mean pH 
during sampling periods ranged from 2.6 to 8.8. The average 
pH over the total of all trial burn sample periods was 4.7. 
In all cases, gaseous chloride emissions were well below 4 
lbjhr and scrubber HCl removal efficiency exceeded 99%. 

5.2 EXCEPTIONS TO THE TRIAL BURN PLAN (Appendix I) 

The following are exceptions to the Trial Burn Plan, 
Appendix J of the Los Alamos Part B Application of November 
1986, Revision 1.0, of October 1985 (Appendix I in this 
report): 

a) Page 7, Table 1--Automatic feed cutoff parameters have 
been changed to include Minumum SCC temperature, 
Maximum co concentration, Minimum sec o2 (%),Minimum 
scrub solution pH, and Maximum combustion gas velocity. 
Minimum and maximum values for automatic feed cutoff 
parameters have been adjusted as discussed in section 
7, "Proposed Permit Conditions." 



Minimum Primary Combustion Chamber temperature varies 
with the feed rate and excess o2 and should not be a 
feed cutoff parameter. Minimum and maximum HEPA filter 
pressure drop are nuclear safety concerns and it is 
therefore not appropriate to address this parameter in 
chemical operations. HEPA filters must be certified 
through DOP testing (see Appendix G) by an independent 
auditing organization at LANL before the CAI is allowed 
to operate; therefore, permit restrictions on HEPA 
filter pressure drop would be unnecessary and 
redundant. 

b) Page 10, #7--CO monitoring was performed with a Horiba 
NDIR analyzer using EPA Method 10 technique. The 
offgas sample point was at the duct prior to the stack 
(point #10 of Fig. 5, page 17) rather than between the 
reheater and HEPA filter banks. 

c) Page 19, i.--Problems with the FID analyzer did not 
allow confirmation of ORSAT stack gas analysis. 

d) Page 33, #3--Twelve EPA Method 5 sampling runs were 
made, 3 replicates for each of the four test 
conditions. A total of 24 VOST sampling runs were 
made, 6 replicates for each test condition. 

e) Page 34, Table 5--ccl4 and TCE accounted for about 65% 
by weight of the liqu1d feed. Ash content was approx. 
0.25 % by weight. 

f) Page 35, Table 6--Pel-E-Cel, a commercial cellulosic 
absorbent made from corncob, was substituted for 
sawdust. 

g) Page 36, Table 7 & page 39, #2--Sampling run duration 
was 80 minutes for EPA Method 5 and 20 minutes for 
VOST. 

h) Page 39, #3--Actual consumption of test wastes totaled 
2233 lb of cc14 and 1000 lb of TCE for all four test 
conditions. 

i) Page 40, Table 9--The actual test schedule took four 
days, each day corresponding to a new test condition. 

5.3 EXCEPTIONS TO THE QUALITY ASSURANCE PLAN (Appendix J) 
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The following exceptions were noted to the Quality Assurance 
Project Plan for a Controlled Air Incinerator Trial Burn of 
March 1986: 

a) Section 3.0--Final combustion temperature in conditions 
1 and 3 was 2200 °F. TCE was added as a POHC in the 
feed mixtures. 



b) Table 6-1.--Scrubber discharge liquid samples were 
taken at the beginning, middle and end of each EPA 
Method 5 run and composited. Since POHC and HCl 
emission rates were integrated over their entire sample 
periods, it was felt that the scrubber discharge liquid 
samples should be a composite of samples taken over the 
total sample period, and thus be as representative of 
the average value as possible. 

c) Section 11.0--As discussed in section 3.3 of this 
report, no surrogate spiking of VOST cartridges before 
analysis was performed. In accordance with section 
12.0 of the Quality Assurance Plan (Appendix J), in 
place of replicate analyses of composited samples, 
replicate standard reference materials were submitted 
for analysis to monitor instrument precision and 
accuracy. 

5.4 Demonstration of Waste Feed Cutoff System 
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on February 20, 1987 a system checkout of waste stream 
shutdown circuits was performed by TDF personnel. The 
control circuits tested were for low sec temperature, low 
sec o2 concentration, low process liquid pH, and high offgas 
co concentration. simulated out-of-compliance operating 
conditions were generated by substituting a variable current 
source as input to control circuits, in place of actual 
thermocouples/transducers. Current sources were then varied 
to simulate a change in value of the system parameter of 
interest, causing a trip in the corresponding control relay. 
When current levels varied outside the setpoint value, the 
waste liquid shutoff valve serving the liquid burner was 
observed to close. Coil voltage for the timer in the solid 
waste feeding circuit was observed to drop from 117 VAC to 
o.o VAC, dropping out the timer and serving to interrupt the 
solid waste feeding system. 

Detailed documentation of the waste feed cutoff system 
checkout is included in Appendix B. 



6.0 SOURCES OF FUGITIVE EMISSIONS 

The Treatment Development Facility (TDF) ventilation control 
zones and filtered exhaust systems, designed initially for 
plutonium confinement and modified for fission/activation 
product and hazardous materials processing, are also 
effective in confining and containing fugitive emmissions 
from volatile liquid processing operations. 

There are two primary sources of possible fugitive emissions 
of volatile compounds in the TDF process area: 1) the liquid 
feed preparation room, and 2) the Controlled Air Incinerator 
itself. 

Ventilation Zone Concept 

The process areas on the first floor of the TDF are divided 
into three ventilation zones, with the non-process areas 
designated as a fourth zone. The zones are separated from 
each other by physical barriers and pressure gradients to 
minimize the possibility of the spread of contaminants. 
Progressing from Zone 4, ambient atmosphere, each 
succeeding zone is held at an increasingly greater negative 
pressure as the probability of the existence of contaminants 
increases. Zone 3 is defined as the process area entrances 
and consists of the change rooms, Health Physics area, 
halls, control room, the shipping and receiving area, and 
the equipment egress bay. These areas are held at negative 
air pressures with respect to the ambient atmospheric 
pressures of Zone 4. 

34 

Zone 2 is defined as the areas surrounding the process 
equipment, vessels, and tanks. Air is supplied to the Zone 
2 incinerator area via single HEPA filters from the main air 
supply system and from the Zone 3 shippingjreceiving area. 
In-leakage occurs at the doors separating the two areas to 
provide confinement and mitigate any flow of contamination 
to the Zone 3 areas. Air is supplied to the liquid feed 
preparation Zone 2 area from the surrounding zone 3 process 
Bay 2 via a transfer plenum containing a powered louver 
connected to the fire protection system. 

Zone 1 is defined as the interiors of the process equipment, 
vessels, and tanks. The incinerator and its associated 
offgas cleanup systems are exhausted through the process 
HEPA filters and activated carbon bed. The air from the 
liquid feed preparation room and the barrel exhaust hood is 
exhausted via double HEPA filters and an activated carbon 
filter to the main facility stack (SE-1). The feed 
mix/blend tank vents are fed directly into this exhaust 
plenum. 

Air from the Bay 1 incinerator Zone 2 and Zone 3 areas is 
also exhausted via SE-1 after double HEPA filtration. Air 



from the Bay 2 Zone 3 process area is double HEPA filtered 
and exhausted via facility stack SE-2. 

Liquid Feed Preparation Room 

During periods in which volatile chemical compounds are 
stored in the liquid feed preparation room, a 200 SCFM 
exhaust blower is in operation to supplement the normal 
negative zone pressure gradient. During liquid transfer and 
feeding operations, and any time when there is an increased 
possibility of airborne vapors present, a 1000 SCFM exhaust 
blower is also in operation to ensure capture of fugitive 
vapors and their exhaust through the room HEPA and carbon 
bed filters. 

Controlled Air Incinerator 
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During actual incinerator operation, the process induced 
draft blower holds the primary and secondary chambers of the 
CAI at a negative pressure (approximately -2 in. WC) with 
respect to the surrounding Zone 2. Should a process upset 
result in a pressurization of the combustion chambers for 
more than a five second period, a controlled shutdown of the 
process will occur, stopping waste feed. The shutdown delay 
is necessary to allow for momentary "puffing" of the CAI 
chamber pressure during periods following the initial batch 
feeding of solid materials. This behavior is to be expected 
during solids feeding and more rigorous restrictions would 
result in unnecessary process shutdowns. 



7.0 PROPOSED PERMIT CONDITIONS 

Based on the foregoing Trial Burn Results, the following 
operating conditions and parameters have been shown to 
achieve or exceed the performance standards of 40 CFR 
264.343 and are recommended as conditions for permitted 
operation of the Los Alamos Controlled Air Incinerator when 
burning RCRA hazardous wastes (see Table 9): 

7.1 PROPOSED SOLID WASTE PERMIT CONDITIONS 

a) Maximum Allowable co Emissions 
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The maximum allowable co concentration in the CAI 
offgas in ppmv should be 10 times the percent co2 
concentration. Above this level, the automatic waste 
feed cutoff will be actuated, timed to suspend waste 
feed should the CO levels not decrease below this limit 
within a five (5) minute period. Should co emissions 
exceed 500 ppm at any time, waste feed will be 
automatically stopped without timed delay. This is 
consistent with the shutoff requirements during PCB 
incineration at Los Alamos. 

Based on trial burn co2 levels, the maximum co 
concentration would thus be allowed to vary up to a 
maximum of 90 ppm. Although average co emissions 
during the trial burn were much less than these levels, 
CO "spikes" typically occur during normal incinerator 
operation. If permitted conditions restrict co 
concentrations to the lower levels seen in the trial 
burn, normal operation can be expected to result in 
frequent and unnecessary controlled shutdowns of the 
CAI. 

Because the accuracy of the FID could not be certified 
for CO detection during the trial burn, Los Alamos 
agrees to employ an NDIR type analyzer for 
determination of CO concentrations in incinerator 
offgas when burning RCRA wastes. We intend, however, 
to gather comparative NDIR and FID data to determine 
the relative effectiveness of the FID as a process 
monitoring instrument. Should results appear 
favorable, substitution of the FID will be submitted 
for review to the NMEID. 

b) Maximum Thermal Duty 

The maximum thermal input to the primary chamber of the 
CAI while achieving performance standards during the 
trial burn was 1.51 MM BTU/hr. This is the total of 
waste and auxiliary feeds to the incinerator, and 
should be the maximum thermal duty permitted for the 





Table 9. Recommended Permit Conditions 

Type of RCRA Permit 
Parameter Solid Liquid 

Max. co in Offgas 
(ppm) 

Max. PCC Thermal 
Input (MM BTU/hr) 

Temperature (oF): 

90/500 

1.51 

Primary Chamber NPC 
Secondary Chamber 1950-2050 

Max. Combustion 3654 
Gas Flow (lb/hr) 

Minimum o 2 in 7.5 
sec (%) 

Minumum Scrubber pH 1.0 

Venturi Pressure 
Drop (in. WC) 

Waste Feed: 
Appendix VIII 
Constituents 

Minimum BTU/lb 

waste Feed Rate 
(lbjhr) 

Maximum Organic 
Chlorine (lb/hr) 

Max. Ash Content 
(wt%) 

Max. Viscosity 
(SSU) 

Max. Natural Gas 
in Primary Chamber 

(MM BTU/hr) 

water Injection 
Rate 

NPC 

CC1 4 & 
Lower 

NPC 

NPC 

81.1 

NPC 

NPC 

NPC 

90/500 

1.51 

NPC 
1950-2050 

3933 

6.0 

1.0 

NPC 

CC1 4 & 
Lower 

8418 

NPC 

99.4 

<0.3 

200 

NPC 

NPC 

Explanation 

Timed/Immediate 
(Feed cutoff) 

(Feed Cutoff) 

(Feed cutoff) 

(Feed cutoff) 

(Feed Cutoff) 
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Total for liquid 
solid & aqueous 

Total for liquid 
and aqueous 

NPC=Not a Permit Condition 



CAI during RCRA hazardous waste incineration. 
Hazardous wastes containing more incinerable Appendix 
VIII Constituents than cc14 should be allowed to be fed 
to the CAI in greater amounts than cc14 , provided that 
the total thermal input does not exceed the maximum 
permitted thermal duty and any other restrictions on 
waste composition are satisfied. 

c) Combustion Chamber Temperature 

Based on trial burn results, it is recommended that an 
operating range of 1950-2050 °F be set for the 
Secondary Combustion Chamber temperature. Since 
Primary Combustion Chamber temperature is dependent on 
feed rate and excess o2 , no permit restriction should 
be set for this parameter. 

d) Combustion Gas Flowrate 

The maximum stack gas flowrate established while 
achieving performance standards during solids 
incineration was 3933 lb/hr (65.55 lbjmin). It is 
recommended that this be set as the upper limit for 
permitted operation. 

e) Minimum Scrubber pH 
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Chloride removal efficiencies in the offgas were 
unaffected by swings in the pH of the process scrubber 
liquid, which varied from a pH of 1.0 to 10.3 (by 
analysis). Building sump pH levels were controlled at 
all times between a pH of 3 and 6.5. Thus, the CAI 
demonstrated effective control of system waste water pH 
and gaseous chloride removal efficiency. Based on 
these results the minimum scrubber liquid pH allowed 
should be 1.0. 

f) Venturi Pressure Drop 

Venturi pressure drop should not be specified as a 
permit condition for particulate control due to the 
presence of the HEPA filtration system. See discussion 
in Appendix G. 

g) Appendix VIII Constituents 

Since the OREs for cc1 4 in the solids trial burn tests 
3 & 4 exceeded 99.99%, the permit should allow 
incineration of all wastes containing cc1 4 and any 
Appendix VIII Constituents lower than CC14 on the EPA 
Ranking of Incinerability List. Since DREs for TCE in 
solids trial burn 4 were shown to exceed 99.9999%, all 
F027 compounds lower than CC14 on the EPA Ranking of 
Incinerability List should also be allowed when 



operating at those same conditions. Thus, all Appendix 
VIII Constituents at levels above 1000 ppm, with the 
exception of CFC1 3 , CHBr3 , and CF2c1 2 , should be 
allowed. Discuss~on in Section D-5b(2) (d) (2) of the 
trial burn plan supports this position. 

h) Minimum Heating Value 
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Per the discussion in Section D-5b(2) (f) of the trial 
burn plan, since the CAI has auxiliary fuel firing 
capability in both chambers, no permit requirement 
should be made which specifies a minimum solids, sludge 
or slurry heating value. The maximum heat value 
allowed would be such that the sum total of all feed 
streams would not exceed the maximum thermal duty of 
the primary chamber. 

i) Solid Waste Feed Rate 

The only permit conditions related to the solid waste 
feed rate should be the maximum allowable primary 
chamber thermal duty and the primary and secondary 
chamber temperatures. As long as these permit 
conditions are met, organic solid wastes should be 
destroyed at the DRE levels specified in the RCRA 
regulations. 

j) Liquid Waste Feed Rate 

As stated in the 1983 Guidance Manual for Hazardous 
Incinerator Permits, EPA-PBSS-100577, on page 4-6, 
wastes more easily incinerated than cc1 4 should be 
permitted at rates up to the maximum thermal duty of 
the primary chamber. 

k) Water Feed Rate 

Per the discussion on page 46 of the Trial Burn Plan, 
both RCRA solid and liquid permits should allow the 
injection into the primary chamber of contaminated 
water for incineration. Justification is the 
successful demonstration of flameless oxidation of cc1 4 
in the solids trial burn tests. Contaminated water 
means a liquid containing no less than 90 weight 
percent of water in which the organic contaminant, if 
any, is cc14 or falls below cc1 4 on the EPA Ranking of 
Incinerabil~ty List. 

1) Maximum Organic Chlorine Content of Waste 

The permit should allow the maximum organic chlorine 
feed rate shown by the trial burn results to occur 
while achieving HCl removal greater than 99%, i.e.-
99.34 lb/hr (102.14 lb/hr as HCl). Since the source of 



HCl is irrelevant to the performance of the CAI's air 
pollution control equipment, either all solid or all 
liquid or any combination of solid and liquid feed 
should be allowed. 

m) Maximum Ash Content of Waste 

There should be no ash content permit condition for 
incineration of solids in the CAI. Since particulate 
emission rates were well below the maximum allowed in 
all periods of the trial burn, this testing should be 
considered an acceptable particulate test for all solid 
wastes and sludges. 

n) Physical Form of Wastes 

The physical form given in the RCRA solid hazardous 
waste permit should specify solids, sludges, and 
slurries. 

o) Natural Gas Feed Rate 
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The only permit limit on natural gas feed rate should 
be the maximum thermal duty. This will allow the 
substitution of easily incinerated wastes (higher waste 
heat value) for auxiliary fuel as long as specified 
operating conditions are maintained. This situation is 
discussed on page 4-6 of the 1983 Guidance Manual for 
Hazardous waste Incinerator Permits, EPA-PB84-100577. 

7.2 PROPOSED LIQUID WASTE PERMIT CONDITIONS 

a) Maximum Allowable co Emissions 

See previous discussion for solid wastes, Section 
7.l.a. 

b) Maximum Thermal Duty 

The incineration of any combination of liquid, aqueous, 
and solid/sludge wastes with a total thermal duty equal 
to the maximum permitted duty (see previous discussion 
in Section 7.l.b) should be permitted. 

c) Combustion Chamber Temperature 

Based on trial burn results, it is recommended that an 
operating range of 1950-2050 °F be set for the 
Secondary Combustion Chamber temperature. Since 
Primary Combustion Chamber temperature is dependent on 
feed rate and excess o2 , no permit restriction should 
be set for this parameter. 



d) Combustion Gas Flowrate 

The maximum stack gas flowrate established while 
achieving performance standards during liquids 
incineration was 3654 lb/hr (60.90 lb/min). It is 
recommended that this be set as the upper limit for 
permitted operation. 

e) Minimum Scrubber pH 
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See discussion under Solid Wastes Permit Conditions, 
Section 7.l.e. 

f) Venturi Pressure Drop 

Venturi pressure drop should not be specified as a 
permit condition for particulate control due to the 
presence of the HEPA filtration system. See discussion 
in Appendix G. 

g) Appendix VIII constituents 

Since the liquid feed for trial burn tests 1 and 2 
contained cc14 , the permit should allow incineration of 
cc14 and all wastes containing any Appendix VIII 
Constituents lower than CC14 on the EPA Ranking of 
Incinerability List. Since DREs for TCE in solids 
trial burn 4 were shown to exceed 99.9999%, all F027 
compounds lower than CC14 on the EPA Ranking of 
Incinerability List should also be allowed when 
operating at those same conditions. Thus, all Appendix 
VIII Constituents at levels above 1000 ppm, with the 
exception of CFC1 3 , CHBr3 , and CF2c1 2 , should be 
allowed. Discuss1on in Section D-5b(2) (d) (2) of the 
trial burn plan supports this position. 

h) Minimum Heating Value 

A minimum heating value of 8418 BTU/lb, based on trial 
burn liquid feed analyses, should be set as a liquid 
feed permit condition. Results of analyses of trial 
burn liquid feed mixtures are presented in Appendix A. 

i) Liquid Waste Feed Rate 

As stated in the 1983 Guidance Manual on page 4-6, 
wastes more easily incinerated than cc1 4 and higher 
than the minimum heat value should be permitted at 
rates up to the maximum thermal duty of the primary 
chamber. 



j) Water Feed Rate 

Per the discussion on page 46 of the Trial Burn Plan 
(Appendix I), both RCRA solid and liquid permits should 
allow the injection into the primary chamber of 
contaminated water for incineration. Justification is 
the successful demonstration of flameless oxidation of 
cc14 in the solids trial burn tests. Contaminated 
water means a liquid containing no less than 90 weight 
percent of water in which the organic contaminant, if 
any, is cc14 or falls below cc14 on the EPA Ranking of 
Incinerabil1ty List. 

k) Maximum Organic Chlorine Content of Waste 
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The permit should allow the maximum organic chlorine 
feed rate shown by the trial burn results to occur 
while achieving HCl removal greater than 99%, i.e.-
99.34 lbjhr (102.14 lbjhr as HCl). Since the source of 
HCl is irrelevant to the performance of the CAI's air 
pollution control equipment, either all solid or all 
liquid or any combination of solid and liquid feed 
should be allowed. 

1) Maximum Ash Content of Waste 

The maximum permitted liquid waste ash content should 
be that demonstrated during the trial burn, <0.3 weight 
percent of the feed. Results of analyses of trial burn 
liquid feed mixtures are presented in Appendix A. 

m) Maximum Liquid Feed Viscosity 

The CAI employs a National Air Oil Burner Co. model 
S.A.R. No. 0 atomizing oil burner for injection of 
liquid feed into the primary chamber. This burner will 
accommodate many grades of oils, tars, pitches and 
asphalts up to a viscosity of 150-200 Saybolt Seconds 
Universal (see Appendix H). Therefore, the maximum 
viscosity of liquid waste feed to the CAI allowed shall 
be no greater than 200 ssu. 

n) Physical Form of Wastes 

The physical form given in the RCRA liquid hazardous 
waste permit should specify liquid organic and aqueous 
wastes. 

o) Natural Gas Feed Rate 

The only permit limit on natural gas feed rate should 
be the maximum thermal duty. This will allow the 
substitution of easily incinerated wastes (higher waste 
heat value) for auxiliary fuel as long as specified 



operating conditions are maintained. This situation is 
discussed on page 4-6 of the 1983 Guidance Manual. 

7.3 WASTE ANALYSIS 

In accordance with the Los Alamos Part B Application 
Waste Characterization and Analysis Plan (Vol lA, 
Section 3.0), all waste materials to be incinerated in 
the CAI will be analyzed for heating value, organic 
chlorine and ash content. wastes whose origin and 
history cannot be determined will also be analyzed for 
selected parameters such as ignitability, reactivity, 
pH, EP toxicity, and elemental composition. 

7.4 OPERATIONAL INSPECTIONS 

Operational inspections of the CAI and process area 
which are required under RCRA regulations will be 
conducted in accordance with 40 CFR 264.347(b) and with 
Section 6 of the Los Alamos Part B Permit Application 
of November 1986, "Procedures to Prevent Hazards." 

7.5 EMERGENCY WASTE FEED CUT-OFF TESTING 

43 

Since the CAI is not routinely operating, the emergency 
waste feed cut-off system will be tested before startup 
of the CAI during permitted operation while burning 
RCRA wastes, but not necessarily on a monthly basis. 



RCRA TRIAL BURN REPORT: APPENDIX 



APPENDIX A. ANALYTICAL RESULTS 

1) ANALYSIS FOR POHCs & CHLORIDE IN INCINERATOR FEED 

i) Carbon Tetrachloride (CC1 4 ) Feedstock 
ii) Trichloroethylene (TCE) Feedstock 

iii) Liquid Mixture Feed (LMF) 
iv) Fuel Oil Feed (FOF) 
v) Alurnagel (ALGL) 

vi) Pel-e-cel (PEL) 
vii) caustic Solution (CS) 
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Source of Samples: --> Burn Test 
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Sample Other ID Cas. 
No. No. Number 

00.96591 46%CT 56235 
86.12412 LA-l-V-l-CCL4 5623S 
86.12413 LA-1-V-1-TCE 79016 
86.12414 LA-1-V-1-L.M.F. 5623S 

79016 
CL 
SOLIDS,DIS 

l:f6.1241S LA-1-V-2-L.M.F. S623S 
79016 
CL 
SOLIDS,DIS 

86.12416 LA-1-V-3-L.M.F. 5623S 
79016 
CL 
SOLIDS,DIS 

86.12417 LA-2-V-1-L.M.F. S623S 
79016 
CL 
SOLIDS,DIS 

86.12418 LA-2-V-2-L.M.F. S623S 
79016 
CL 
SOLIDS,DIS 

86.12419 LA-2-V-3-L.M.F. 56235 
79016 
CL 
SOLIDS,DIS 

=·==··· 

Date: /L / I / ?t 

Analytical Report 

• = - •••••• 
Analysis Analytical 

Type Result 

CC14 40 
CC14 100 
TCE 97 
CC14 32 
TCE 16 
Chloride 1 
Disolved Solids 123SO 
CC14 43 
TCE 21 
Chloride 8 
Disolved Solids 5460 
CC14 40 
TCE 20 
Chloride 3 
Disolved Solids 2630 
CC14 30 
TCE 16 
Chloride 5 
Disolved Solids 6600 
CC14 41 
TCE 20 
Chloride 3 
Disolved Solids S010 
CC14 46 
TCE 18 
Chloride 4 
Disolved Solids 10SSO 

1proved, Contracting Approved, Quality Control 

-------------- ---- - *" • a a 1 - N W 

Date: 12/01/86 

Sample Sheet # S42S 

I-- ··------------==-Uncertainty 
Units +/-

% 4 
% 5 
% s 
% 2 
% 1 
MG/L .s 
MG/L 123S 
% 2 
% 1 
MG/L .s 
MG/L 546 
% 2 
% 1 
MG/L .5 
MG/L 263 
% 3 
% 1 
MG/L .5 
MG/L 660 
% 2 
% 1 
MG/L .s 
MG/L 501 
% 3 
% 1 
MG/L .5 
MG/L lOSS 

Date: I L / 1 / f/ 

w wrmwrmwaw 



.,.,.., : John vavruska 
MS - E 517 
Tel. (505)-667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Burn Test 

---- • ---=· -Sample Other ID Cas. 
No. No. Number 

00.96584 24ug/gCT,32 TCE 56235 
79016 

00.96585 33ug/gCT,25 TCE 56235 
79016 

00.96589 32ug/L CT,40TCE 56235 
79016 

).96590 32ug/L CT,40TCE 56235 
79016 

00.96773 20ng/gCT20510TC 56235 
79016 

00.96774 38ng/gCT38494TE 56235 
79016 

00.96775 20ng/mlCT20280T 56235 
79016 

00.96776 60ng;mlCT60840T 56235 
79016 

86.10192 IA-1-V-1-F.O.F. 56235 
79016 
CL 

86.10193 IA-2-MS-1-ALGL 56235 
79016 
CL 

86.10194 IA-1-MS-1-ALGL 56235 
79016 
CL 

86.10195 IA-3,4-V-123PEL 56235 
79016 
CL 

86.10196 IA-3-V-3-I .A. 56235 
79016 
CL 
PH 

q6.10197 IA-4-MS-123-I.A 56235 
79016 
CL 
PH 

86.10198 IA-1-V-1-HEPA 56235 
79016 

Analytical Report 

Analysis 
Type 

CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 

Date: 12/01/86 

Sample Sheet # 5422 

- ---· ... ·------------== Analytical Uncertainty 
Result Units +/-

< 5 UG/L 2 
< 5 UG/L 2 
< 5 UG/L 2 
< 5 UG/L 2 

25 UG/L 3 
34 UG/L 4 
21 UG/L 3 
47 UG/L 5 
.1 UG/KG .1 
7.8 UG/KG 1 
.1 UG/KG .1 
.OS UG/KG .1 
44 UG/L 4 
8050 UG/L 805 
69 UG/L 7 
44000 UG/L 4400 

< 1 MG/L 1 
< 1 MG/L 1 
< 1.000 MG/L 1.000 

27 UG/KG 3 
1 UG/KG 1 

38.000 UG/G 2.000 
510 UG/KG 51 
628 UG/KG 63 

54.000 UG/G 2.000 
82 UG/KG 8 
70 UG/KG 7 
2,610.000 UG/G 130.000 

168 UG/KG 16 
150 UG/KG 15 
8,750.000 UG/G 435.000 

9.900 PH UNITS 0.200 
2000 UG/KG 200 
600 UG/KG 60 
26,700.000 UG/G 1,335.000 

8.900 PH UNITS 0.200 
38 UG/KG 4 

< 1 UG/KG 1 



CL 
PH 

86.10199 LA-4-V-3-HEPA4 56235 
79016 
CL 
PH 

~~~ Date: /ZI I I Yt ..,...:L...--~-~,--$.;;z;.... __________ _ 
/ ~ 

Approved, Contracting 

Chloride 
pH 
CC14 
TCE 
Chloride 
pH 

9.000 UGIG 
8.300 PH UNITS 

150 UG/KG 
10 UG/KG 
87,700.000 UGIG 

5.900 PH UNITS 

15 

1.000 
0.200 

1 
4,335.000 

0.200 

Date: I 2 1 / I ,, / 

Approved, QUality control 

---------------~·----------------------------·--------~·-·-----------------------------------------------



1: John Vavruska 
MS - E 517 
Tel. (505)~667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Burn Test 

Analytical Report 

Date: 12/01/86 

Sample Sheet # 5423 

---- wwwaa• • ..,.,... I •• mrww---=-ww • a swwsawwwwwww--• 

Sample Other ID Cas. 
No. No. Number 

-------
00.96767 80.8 ppm CL 
86.10186 LA-1-V-1-C.S. CL 
86.10187 LA-2-V-1-C.S. CL 
86.10188 LA-2-V-3-C.S. CL 
86.10189 LA-3-V-1-C.S. CL 

>.10190 LA-3-v-2-c.s. CL 
J.10191 LA-4-V-123-C.S. CL 

Approved, Contracting 

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

Analysis 
Type 

Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 

Uncertainty Analytical 
Result Units +/-

83.000 MG/L 
1,050.000 MG/L 
1,050.000 MG/L 
1,375.000 MG/L 

950.000 MG/L 
1,300.000 MG/L 
1,350.000 MG/L 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

Date: 1'-/ tj.Sl 

Approved, Quality Control 

- wmmwwwwww • wwrmwwwwwa 



APPENDIX A. ANALYTICAL RESULTS 

2) ANALYSIS FOR POHCs & CHLORIDE IN EFFLUENTS 

i) Offgas (VOST-T,TC & MS-IMP) 
ii) scrubber Discharge Liquid (SDL) 

iii) Activated Charcoal (ACF & ACU) 
iv) Makeup Water (MW) 

v) Incinerator Ash (IA) 
vi) HEPA Filters (HEPA & HEPA4) 



·,: John Vavruska 
MS - E 517 
Tel. (505)~667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Burn Test 

------ -- I II - ---Sample Other ID Cas. 
No. No. Number 

00.96586 4800ngCT,280TCE 56235 
79016 

00.96587 220ngCT,4500TCE 56235 
79016 

00.96588 800ngCT,1100TCE 56235 
79016 

.96770 20ngCT,20280TCE 56235 
79016 

00.96771 10ngCT,10140TCE 56235 
79016 

00.96772 40ngCT,40560TCE 56235 
79016 

86.12449 1-V-1-T,TC 56235 
79016 

86.12450 1-V-2-T,TC 56235 
79016 

86.12451 1-V-3-T,TC 56235 
79016 

86.12452 1-V-4-T,TC 56235 
79016 

86.12453 1-V-5-T,TC 56235 
79016 

86.12454 1-V-6-T,TC 56235 
79016 

86.12455 1-V-(1-6)-T,TC 56235 
79016 

86.12456 2-V-1-T,TC 56235 
79016 

86.12457 2-V-2-T,TC 56235 
79016 

86.12458 2-V-3-T,TC 56235 
79016 

-".12459 2-V-4-T,TC 56235 

86.12460 2-V-5-T,TC 
79016 
56235 
79016 

86.12461 2-V-6-T,TC 56235 
79016 

Analytical Report 

Date: 12/01/86 

Sample Sheet # 5379 

--=----===z~--------=----------~----= 
Analysis Analytical Uncertainty 

Type Result Units +/-

CC14 2900 NG 299 
TCE 240 NG 24 
CC14 330 NG 33 
TCE 4800 NG 488 
CC14 1440 NG 144 
TCE 2100 NG 210 
CC14 8 NG 1 
TCE 1150 NG 115 
CC14 5.6 NG 1 
TCE 499 NG 50 
CC14 

r),<" i< •(" NG 
TCE NG 
CC14 > ),~8~ v-',·: ~~~.J NG 19 
TCE NG 
CC14 6780 NG 678 
TCE 161 NG 16 
CC14 5110 NG 511 
TCE < 10 NG 1 
CC14 > 5760 I NG 576 
TCE ,) , T ;:;, v o,-<.L '.' NG 
CC14 > 5410 NG 541 
TCE t),J ~vl~i..A~) NG 
CC14 5410 NG 541 
TCE 140 NG 14 
CC14 < 10 NG 1 
TCE 3 NG 1 
CC14 63 NG 6 
TCE < 10 I , NG 1 
CC14 . f).) 4" ,,.., ,) NG 
TCE /J,<.:/(n.- NG 
CC14 NG 
TCE < 10 NG 1 
CC14 1190 NG 119 
TCE 164 NG 16 
CC14 4580 NG 458 
TCE 115 NG 12 
CC14 5660 NG 566 
TCE 110 NG 12 



86.12462 2-V-(1-6)-T,TC 56235 
79016 

86.12463 3-V-1-T,TC 56235 
79016 

86.12464 3-V-2-T,TC 56235 
79016 

'1.12465 3-V-3-T,TC 56235 
79016 

86.12466 3-V-4-T,TC 56235 
79016 

86.12467 3-V-5-T,TC 56235 
79016 

86.12468 3-V-6-T,TC 56235 
79016 

86.12469 3-V-(1-6)-T,TC 56235 
79016 

86.12470 4-V-1-T,TC 56235 
79016 

86.12471 4-V-2-T,TC 56235 
79016 

86.12472 4-V-3-T,TC 56235 
79016 

86.12473 4-V-4-T,TC 56235 
79016 

86.12474 4-V-5-T,TC 56235 
79016 

86.12475 4-V-6-T,TC 56235 
79016 

86.12476 4-V-(1-6)-T,TC 56235 
79016 

86.12477 (1-4)-V-1-T,TCA 56235 
79016 

86.12478 (1-4)-V-2-T,TCA 56235 
79016 

5.12479 (1-4)-V-3-T,TCA 56235 
79016 

86.12480 (1-4)-V-4-T,TCA 56235 
79016 

86.12481 (1-4)-V-5-T,TCA 56235 
79016 

86.12482 (1-4)-V-6-T,TCA 56235 
79016 

86.12483 (1-4)V-ALL-T,TC 56235 
79016 

~~~ Date: 121 I I?( 

Approved~ Contracting 

CC14 8 
TCE < 10 
CC14 2170 
TCE 231 
CC14 2230 
TCE 235 
CC14 5660 
TCE 1240 
CC14 4440 
TCE 543 
CC14 258 
TCE 6 
CC14 2993 
TCE 8 
CC14 < 10 
TCE < 10 
CC14 5600 
TCE 52 
CC14 590 
TCE < 10 
CC14 2600 
TCE 36 
CC14 5200 
TCE 210 
CC14 6200 
TCE 162 
CC14 4900 
TCE 116 
CC14 < 10 
TCE < 10 
CC14 < 10 
TCE 502 
CC14 < 10 
TCE 605 
CC14 < 10 
TCE 614 
CC14 615 
TCE < 10 
CC14 

ptt~K/,.; TCE 
CC14 730 
TCE < 10 
CC14 < 10 
TCE < 10 

j 

Approved, duality Control 

waawwaww wwwmmrm 

NG 1 
NG 1 
NG 217 
NG 23 
NG 223 
NG 23 
NG 566 
NG 124 
NG 444 
NG 54 
NG 26 
NG 1 
NG 300 
NG 1 
NG 1 
NG 1 
NG 560 
NG 5 
NG 59 
NG 1 
NG 260 
NG 4 
NG 520 
NG 21 
NG 620 
NG 16 
NG 490 
NG 12 
NG 1 
NG 1 
NG 1 
NG 50 
NG 1 
NG 61 
NG 1 
NG 61 
NG 62 
NG 1 
NG 
NG 
NG 73 
NG 1 
NG 1 
NG 1 

Date: 1 L I 1 I ,_<;--:' 

------ www:ww ---



"': John vavruska 
MS - E 517 
Tel. (505)-667-7391 

From: Larry R. Field 
HSE-9 I Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Burn Test 

Analytical Report 

Date: 12101186 

Sample Sheet # 5377 

--------------------------~-----~------~---------~------~~~----------------~-------m-----~----------------------Sample 
No. 

Other ID 
No. 

00.96768 25.9 ppm CL 
00.96769 12.9 ppm CL 
86.12420 PA1234M5123IMPB CL 
86.12421 LA-1-M5-1-IMP CL 
86.12422 LA-1-M5-2-IMP CL 
~,.12423 LA-1-M5-3-IMP CL 

J.12424 LA-2-M5-1-IMP CL 
8'6 .12425 LA-2-M5-2-IMP CL 
86.12426 LA-2-M5-3-IMP CL 
86.12427 LA-3-M5-1-IMP CL 
86.12428 LA-3-M5-2-IMP CL 
86.12429 LA-3-M5-3-IMP CL 
86.12430 LA-4-M5-1-IMP CL 
86.12431 LA-4-M5-2-IMP CL 
86.12432 LA-4-MS-3-IMP CL 

cas. 
Number 

,<~ ~0< Date: /z I 1 I.+-/~ 

Approved, Contracting 

Analysis 
Type 

Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 
Chloride 

Uncertainty Analytical 
Result Units +1-

27.000 MG/L 1.000 
13.000 MG/L 1.000 

< 1.000 MG/L 1.000 
< 1.000 MG/L 1.000 
< 1.000 MG/L 1.000 
< 1.000 MG/L 1.000 
< 1.000 MG/L 1.000 

48.000 MG/L 1.000 
325.000 MG/L 1.000 
168.000 MG/L 1.000 

72.000 MG/L 1.000 
148.000 MG/L 1.000 

42.000 MG/L 1.000 
220.000 MG/L 1.000 
270.000 MG/L 1.000 

Date: /2- I , I ·~·( 

Approved, Quality Control 

mmu:a --- :wwwaa 



1: John Vavruska 
MS - E 517 
Tel. (505)~667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Burn Test 

Analytical Report 

Date: 12/01/86 

Sample Sheet # 5424 

-=----- __________ -=z ____ 
------ === - ,.. ____ _._____ ---

Sample Other ID Cas. Analysis Analytical Uncertainty 
No. No. Number Type Result Units +/-

86.12400 LA-1-V-1-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE .14 UG/L .1 
CL Chloride 14,000.000 MG/L 700.000 
PH pH 10.300 PH UNITS 0.200 

86.12401 LA-1-V-2-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE < .12 UG/L .1 
CL Chloride 18,000.000 MG/L 900.000 
PH pH 2.900 PH UNITS 0.200 

86.12402 LA-1-V-3-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE .21 UG/L .1 
CL Chloride 26,000.000 MG/L 1,300.000 
PH pH 2.400 PH UNITS 0.200 

86.12403 LA-2-V-1-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE < .12 UG/L .1 
CL Chloride 13,000. 000 MG/L 650.000 
PH pH 2.200 PH UNITS 0.200 

86.12404 LA-2-V-2-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE .57 UG/L .1 
CL Chloride 25,000.000 MG/L 1,250.000 
PH pH 1.800 PH UNITS 0.200 

86.12405 LA-2-V-3-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE .18 UG/L .1 
CL Chloride 28,000.000 MG/L 1,400.000 
PH pH 1.600 PH UNITS 0.200 

86.12406 LA-3-V-1-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE .43 UG/L .1 
CL Chloride 20,000.000 MG/L 1,000.000 
PH pH 1.000 PH UNITS 0.200 

86.12407 LA-3-V-2-S.D.L. 56235 CC14 .14 UG/L .1 
79016 TCE .64 UG/L .1 
CL Chloride 9,000.000 MG/L 450.000 
PH pH 3.500 PH UNITS 0.200 

-~.12408 LA-3-V-3-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE .59 UG/L .1 
CL Chloride 19,000.000 MG/L 950.000 
PH pH 4.100 PH UNITS 0.200 

86.12409 LA-4-V-1-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE .43 UG/L .1 



CL Chloride 12,000.000 MG/L 600.000 
PH pH 2.000 PH UNITS 0.200 

86.12410 LA-4-V-2-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE .57 UG/L .1 
CL Chloride 18,000.000 MG/L 900.000 
PH pH 207.000 PH UNITS 0.200 

-; .12411 LA-4-V-3-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE .35 UG/L .1 
CL Chloride 22,000.000 MG/L 550.000 
PH pH 1.900 PH UNITS 0.200 

____--:> -:::_.--7 ~ 

___:;;:: _,____ /~,..._ Date: 1 L I 1 I !i( ---'--;_, ~.~.....-________ o __ a_t_e_: _l_< _1_1_1 __ ;;( 

Approved# C ntracting Approved, Quaiity Control 



': John vavruska 
MS - E 517 
Tel. (505)-667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Burn Test 

Analytical Report 

.. -----· -·· ·-· wmrrm ~=:awwwa 

Sample Other ID cas. Analysis 
No. No. Number Type 

00.96764 6.4 ppm CL Chloride 
00.96765 3.2 ppm CL Chloride 
00.96766 12.9 ppm CL Chloride 
86.12433 IA-1-V-A.C. (F) 56235 CC14 

79016 TCE 
CL Chloride 
PH pH 

86.12434 IA-12V123-AC(U) 56235 CC14 
79016 TCE 
CL Chloride 
PH pH 

86.12435 IA-3-V-3-AC. (U) 56235 CC14 
79016 TCE 
CL Chloride 
PH pH 

86.12436 IA-4-V-123-AC(U 56235 CC14 
79016 TCE 
CL Chloride 
PH pH 

86.12437 IA-1-V-1-M.W. 56235 CC14 
79016 TCE 
CL Chloride 

86.12438 IA-1-V-2-M.W. 56235 CC14 
79016 TCE 
CL Chloride 

86.12439 IA-1-V-3-M.W. 56235 CC14 
79016 TCE 
CL Chloride 

86.12440 IA-2-V-1-M.W. 56235 CC14 
79016 TCE 
CL Chloride 

86.12441 IA-2-V-2-M.W. 56235 CC14 
79016 TCE 
CL Chloride 

86.12442 IA-2-V-3-M.W. 56235 CC14 
79016 TCE 
CL Chloride 

86.12443 IA-3-V-1-M.W. 56235 CC14 

Date: 12/01/86 

Sample Sheet # 5378 

-------- ---- -------- ---Analytical Uncertainty 
Result Units +/-

7.000 MG/L 1.000 
3.600 MG/L 1.000 

14.500 MG/L 1.000 
990 UG/KG 99 

< 1 UG/KG 1 
2,300.000 UG/G 1.000 

9.900 PH UNITS 0.200 
< 1 UG/KG 1 

35 UG/KG 4 
9 I 780.000 UG/G 1.000 

5.700 PH UNITS 0.200 
1100 UG/KG 110 
58 UG/KG 6 
30,100.000 UG/G 1.000 

6.000 PH UNITS 0.200 
620 UG/KG 62 
110 UG/KG 11 
12,550.000 UG/G 1.000 

4.900 PH UNITS 0.200 
< .1 UG/L .1 
< .12 UG/L .1 

3.000 MG/L 1.000 
< .1 UG/L .1 
< .12 UG/L .1 

3.000 MG/L 1.000 
< .1 UG/L .1 
< .12 UG/L .1 

3.000 MG/L 1.000 
< .1 UG/L .1 
< .12 UG/L .1 

3.000 MG/L 1.000 
< .1 UG/L .1 
< .12 UG/L .1 

3.000 MG/L 1.000 
< .1 UG/L .1 
< .12 UG/L .1 

3.000 MG/L 1.000 
< .1 UG/L .1 



79016 TCE < .12 UG/L .1 
CL Chloride 3.000 MG/L 1.000 

86.12444 IA-3-V-2-M.W. 56235 CC14 < .1 UG/L .1 
79016 TCE < .12 UG/L .1 
CL Chloride 3.000 MG/L 1.000 

. ~6 .12445 IA-3-V-3-M.W • 56235 CC14 < .1 UG/L .1 
79016 TCE < .12 UG/L .1 
CL Chloride 3.000 MG/L 1.000 

86.12446 IA-4-V-1-M.W. 56235 CC14 .2 UG/L .1 
79016 TCE .13 UG/L .1 
CL Chloride 3.000 MG/L 1.000 

86.12447 IA-4-V-2-M.W. 56235 CC14 .2 UG/L .1 
79016 TCE .13 UG/L .1 
CL Chloride 3.000 MG/L 1.000 

86.12448 IA-4-V-3-M.W. 56235 CC14 .2 UG/L .1 
79016 TCE < .12 UG/L .1 
CL Chloride 3.000 MG/L 1.000 

------- _ _____, __ -:--
~=---""', ~~:'~z Date: 121 r 1 f( r) (t~:: 

----~,;:~------------------

Date: 1 z I 1 I ;-(" 

-Approved, Contracting Approved, Quality Control 

- - I W I I W I • IWWW----



John vavruska 
r:s - E ~1_7 

Tel. (505~-667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Burn Test 

Analytical Report 

==========--=--=== = ::::::::::===rm--==========:::== 
Sample Other ID Cas. Analysis 
No. No. Number Type 

-- -·uu ~-9-6584 , -z 4ug79CT732-TCE --ss-z3 s --- -ccl4--
79016 TCE 

00.96585 33ug/gCT,25 TCE 56235 CC14 
79016 TCE 

00.96589 32ugjL CT,40TCE 56235 CC14 
79016 TCE 

.;0.96590 32ug/L CT,40TCE 56235 CC14 
79016 TCE 

00.96773 20ng/gCT20510TC 56235 CC14 
79016 TCE 

00.96774 38ng/gCT38494TE 56235 CC14 
79016 TCE 

00.96775 20ngjmlCT20280T 56235 CC14 
79016 TCE 

00.96776 60ng/mlCT60840T 56235 CC14 
79016 TCE 

ss . .:.c:.n IJ\-1-V-1-F.O.F. 56235 CC14 
79016 TCE 
CL Chloride 

86.10193 IA-2-M5-1-ALGL 56235 CC14 
79016 TCE 
CL c:-:2:::: =~ 

86.10194 IA-1-M5-l-ALGL 56235 CC14 
79016 TCE 
CL Chloride 

86.10195 LA-3,4-V-123PEL 56235 CC14 
79016 TCE 
CL Chloride 

86.10196 LA-3-V-3-I.A. 56235 CC14 
79016 TCE 
CL Chloride 
PH pH 

6.10197 LA-4-MS-123-I.A 56235 CC14 
79016 TCE 
CL Chloride 
PH pH 

85.10198 LA-1-V-1-HEPA 56235 CC14 
'7s.::..: ...... ~~ 

·'-~ 

Date: 12/01/86 

Sample Sheet # 5422 

== =- -========= 
Analytical Uncertainty 

Result Units +I-

<- 5 UG/L 2--
< 5 UG/L 2 
< 5 UG/L 2 
< 5 UG/L 2 

25 UG/L 3 
34 UG/L 4 
21 UG/L 3 
47 UG/L 5 
.1 UG/KG .1 
7.8 UG/KG 1 
.1 UG/KG .1 
.OS UG/KG .1 
44 UG/L 4 
8050 UG/L 805 
69 UG/L 7 
44000 UG/L 4400 

< 1 MG/L 1 
< 1 MG/L 1 
< 1.000 MG/L 1.000 

27 UG/KG 3 
1 UG/KG 1 

39,000 UG/G 2.000 
510 UG/KG 51 
628 UG/KG 63 

54.000 UG/G 2.000 
82 UG/KG 8 
70 UG/KG 7 

2,610.000 UG/G 130.000 
168 UG/KG 16 
150 UG/KG 15 
8,750.000 UG/G 435.000 

9.900 PH UNITS 0.200 
2000 UG/KG 200 
600 UG/KG 60 
26,700.000 UG/G 1,335.000 

6.900 PH UNITS 0.200 
38 UG/KG 4 

< 1 UG/!ZG 1 



CL Chloride 9.000 UG;G 1 r::('! 
• >J '-' ..1 

PH pH 8.300 PH UNITS 0.200 
86.10199 LA-4-V-3-HEPA4 56235 I CC14 150 UG/KG 15 

79016 / TCE 10 UG/KG 1 
CL Chloride 87,700.000 UGIG 4,335.000 
PH pH 5.900 PH UNITS 0.200 

Date: /ZI / I Y/ ____ _::_::.~- Date: / ,;_ I/ I :'+'( 

Approved, QU~lity Control 

==========~========--==========--=======--==============================--=====~==========z============ 



APPENDIX A. ANALYTICAL RESULTS 

3) ANALYSIS OF PARTICULATE IN OFFGAS 



': John Vavruska 
MS - E 517 
Tel. (505)~667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Burn Test 

--------- - ···-Sample Other ID cas. 
··--= 

No. No. Number 

86.10161 LANL-1-M5-1 AL 
FE 
NA 

86.10162 LANL-1-M5-2 AL 
FE 
NA 

.10163 LANL-1-M5-3 AL 
FE 
NA 

86.10164 LANL-2-M5-1 AL 
NA 

86.10165 LANL-2-M5-2 AL 
FE 
NA 

86.10166 LANL-2-M5-3 AL 
FE 
NA 

86.10167 LANL-3-M5-1 AL 
FE 
NA 

86.10168 LANL-3-M5-2 AL 
FE 
NA 

86.10169 LANL-3-M5-3 AL 
FE 
NA 

86.10170 LANL-4-M5-1 AL 
FE 
NA 

86.10171 LANL-4-M5-2 AL 
FE 
NA 

.• 10172 LANL-4-M5-3 AL 
FE 
NA 

86.10173 BLANK AL 
FE 
NA 

Analytical Report 

Date: 12/01/86 

Sample Sheet # 5421 

----~-
wwwrmwwwwmawwww---=-----.aawwww 

Analysis Analytical Uncertainty 
Type Result Units +I-

A1 5.300 MG/L 0.100 
Fe 3.200 MG/L 0.100 
Na 2.500 MG/L 0.100 
A1 6.700 MG/L 0.100 
Fe 5.000 MG/L 0.100 
Na 2.400 MG/L 0.100 
A1 5. 700 MG/L 0.100 
Fe 2.500 MG/L 0.100 
Na 2.100 MG/L 0.100 
A1 2.300 MG/L 0.100 
Na 2.100 MG/L 0.100 
A1 3.500 MG/L 0.100 
Fe 7.600 MG/L 0.100 
Na 2.000 MG/L 0.100 
A1 3.600 MG/L 0.100 
Fe 22.200 MG/L 0.100 
Na 2.400 MG/L 0.100 
A1 3.400 MG/L 0.100 
Fe 26.200 MG/L 0.100 
Na 2.200 MG/L 0.100 
A1 3.700 MG/L 0.100 
Fe 31.100 MG/L 0.100 
Na 2.400 MG/L 0.100 
A1 3.100 MG/L 0.100 
Fe 51.200 MG/L 0.100 
Na 2.300 MG/L 0.100 
A1 4.100 MG/L 0.100 
Fe 18.400 MG/L 0.100 
Na 2.400 MG/L 0.100 
A1 3.300 MG/L 0.100 
Fe 29.300 MG/L 0.100 
Na 2.400 MG/L 0.100 
A1 5.400 MG/L 0.100 
Fe 65.600 MG/L 0.100 
Na 2.200 MG/L 0.100 
A1 8.100 MG/L 0.100 
Fe 0.600 MG/L 0.100 
Na 1.700 MG/L 0.100 



86.12484 Fe• 0. 099 mg/L AL Al < 0.100 MG/L 0.100 
FE Fe 0.120 MG/L 0.100 
NA Na 6.900 MG/L 0.100 

86.12485 Fe•.08Al•.45mgL AL Al 0.500 MG/L 0.100 
FE Fe 0.100 MG/L 0.100 
NA Na 0.100 MG/L 0.100 

~ :ft~\ Date: /2-- I I I Y/ 
/7-"<7~-' 
. / 
Approved, Contracting 

Date: 1 z. 1 1 I '?- f 

Approved, Quality Control 

WWWWWWM MW IIW M .. • • rmwww---••---= 



APPENDIX A. ANALYTICAL RESULTS 

4) ANALYSIS FOR HEAT CONTENT, ASH, DENSITY, ELEMENTAL 
& MATRIX CONSTITUENTS 

i) Fuel Oil (FOF) 
ii) Liquid Mixture Blend (LMF) 



ANALYSIS FOR HEAT CONTENT, ASH, DENSITY, ELEMENTAL & MATRIX 
CONSTITUENTS 

Note: Data contained in this section was unavailable at the 
time of submission of the the Raw Data report to the 
New Mexico Environmental Improvement Division. 



UNIVERSITY OF CALIFORNIA 
CAE Project No: 3770 

Analysis of Liquid Waste 
Feed Samples 



APPENDIX A. ANALYTICAL RESULTS 

5) ANALYSIS FOR 0 2 , C02 , & CO IN OFFGAS 

i) ORSAT Analysis 
ii) o 2;combustibles Strip Chart 

iii) co Emission Strip Chart 



i) ORSAT Analysis 
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ii) o2;combustibles Strip Chart 
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iii) co Emission Strip Chart 
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CLEA...~ AIR ENGINEERING, INC I 
November 21, 1986 . : 
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CARBON MONOXIDE EMISSIONS 

UNIVERSITY OF CALIFORNIA 
LOS ALAHOS NATIONAL LABORATORY 

Purchase·Order No: 2-LFD-1415F-1 
-CAE Project No: 3770 
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UNIVE..."Q,SITY OF CALIFORNIA 
CAE Project No: 3770 I i 

/ 

Run 

Condition 1 
Sept. 4, 1986 

- Condition 2 
. Sept. 5, 1986 

Condition 3 
sept. 6, 1986 

Condition 4 
- Sept. 7, 1986 

----,- ____ ,_ ~--- ____ ,.. __ 

/ 
/ . ~ .. 

:1 

Summary of Results 
Carbon Monoxide Concentrations 

(as ppmv, dry basis) 

1· 2 

5 6 

5 6 

* - 5** 

5 5 

,. 

3 

12 

7 

5 

7 

._-_---: ... -

*-Data out ot range ot chart recorder 
**-Two peaks noted at 70 and 63 ppm during middle of run 
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APPENDIX A. ANALYTICAL RESULTS 

6) QC AUDIT SAMPLE RESULTS 

i) HSE-9 QA Report 
ii) EPA Audit Gas 



i) HSE-9 QA Report 



TO· 

Los Alamos National Laboratory 
Los Alamos, New Mexico 87545 

Lee c. Borduin, HSE 7, 

memorandum 
E517 DATE November 26, 1986 

FROM: Larry R. Field, HSE~~ntracting MAIL STOP/TELEPHONE: K484/4086 

SYMBOL HSE-9/86-555 .. ?. 
SUBJECT Quality Assurance of Burn Test Analyses Performed By CEP (Santa Fe). 

The results obtained from the Quality Control Samples submitted to CEP 
are given below. In addition a summary of analytical events is 
included at the end of this memorandum. 

Chloride Analyses: 

Sample Number Analytical Result 
Units (ppm) 

QC Result % Recovery 

~~~~=•==========z========~============~=•=••=••••~•••••==•••••••••••= 

00.96767 83. 81. 98. 
00.96764 7. 6.4 91. 
00.96765 3.6 3.2 113. 
00.96766 14.5 12.9 112. 
00.96768 27. 25.9 104. 
00.96769 13. 12.9 100. 

The average percent recovery for the chloride containing QC spiked 
samples was 103 % . 

Inorganic Analyses (Na, Fe, & Al): 

Sample Number Analytical Result 
Units (mg/L) 

QC Result % Recovery 

==---------==·--======---=-============·==-====-------------===------86.12484(Fe) 
86.12485(Fe) 
86.12485(Al) 

0.12 
0.1 
0.5 

0.099 
0.08 
0.45 

121. 
125. 
111. 

The average percent recovery for the Inorganic (Fe & Al) containing QC 
spiked samples was 119 % • Sodium (Na) was not in the QC sample. 
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Analyses of Liquid Mixture Feed: 

Sample Number Analytical Result QC Result % Recovery 
Units ( % ) 

---------------------------------------------------------------------00.96591(CC1 4 ) 40. 46. 87. 

The average percent recovery for the Liquid Feed Mixture containing QC 
spiked sample was 87 % . 

Analyses of Volatile Organics in Soils: 

Sample Number Analytical Result QC Result % Recovery 
Units (ug/kg) 

-------------------------==============------------------------------First Set 

00.96773(TCE) 7.8 
00.96773(CC1 4 ) 0.1 

00.96774(TCE) 0.05 
00.96774(CC1 4 ) 0.1 

Second Set 

00.96584(TCE) ND 
00.96584(CC1 4 ) ND 

00.96585(TCE) ND 
00.96585(CC1 4 ) ND 

20510. 
20. 

38494. 
38. 

32.0 
24.3 

24.8 
32.7 

0.03 
0.5 

0.00 
0.2 

0.0 
0.0 

0.0 
0.0 

The average percent recovery for the First Set of Volatile Organics in 
Soil containing QC spiked samples was 0.1 % . 

The average percent recovery for the Second Set of Volatile Organics in 
Soil containing QC spiked samples was 0.0 % . 

ND is not detected. 
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Analyses of Volatile Organics in Water: 

Sample Number Analytical Result 
Units (ug/L) 

QC Result % Recovery 

---------------------------------------------------------------------First Set 

00.96775(TCE) 
00.96775(CC1 4 ) 

00.96776(TCE) 
00.96776(CC1 4 ) 

Second Set 

00.96589(TCE) 
00.96589(CC1 4 ) 

00.96590(TCE) 
00.96590(CC1 4 ) 

8050. 
44. 

44000. 
69. 

34. 
25. 

47. 
21. 

20280. 
20. 

60840. 
60. 

32. 
40. 

32. 
40. 

39. 
220. 

72. 
115. 

106. 
63. 

146. 
53. 

The average percent recovery for the First Set of Volatile Organics in 
Water containing QC spiked samples was 56. % for TCE and 167 % for cc1 4 

The average percent recovery for the Second Set of Volatile Organics in 
Water containing QC spiked samples was 126. % for TCE and 58 % for cc1 4 

Vost Cartridge Analyses: 

Sample Number Analytical Result 
Units (ng) 

QC Result % Recovery 

-------=--=====·======··====·==========··-==-------------------------First Set 

00.96770(TCE) 1150. 20280. 6 . 
00.96770(CC1 4 ) 8 . 20. 40. 

00.96771(TCE) 499. 10140. 5. 
00.96771(CC1 4 ) 6 . 10. 60. 

00.96772(TCE) NR 40560. 
00.96772(CC1 4 ) NR 40. 
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Second Set 

00.96586(TCE) 240. 280. 86. 
00.96586(CC1 4 ) 2900. 4800. 60. 

00.96787(TCE) 4800. 4500. 106. 
00.96787(CC1 4 ) 330. 220. 150. 

00.96588(TCE) 2100. 1100. 190. 
00.96588(CC1 4 ) 1440. 800. 180. 

The average percent recovery for the First Set of Vost Cartridges 
containing QC spiked samples was 5.5 % for TCE and 50 % for cc1 4 . 

The average percent recovery for the Second Set of Vest Cartridges 
containing QC spiked samples was 127. % for TCE and 130 % for cc1 4 . 

NR is not reported. 

Summary of Analytical Events: 

Approximately 10 % of the analyses performed for this study were 
evaluated by the insertion of Quality Control Samples. The results 
obtained from the analyses of these samples are listed above. 

Good analytical recoveries were achieved from the determinations 
of Chloride and the atomic species (Fe, Al, and Na) in spiked QC 
samples. However, such was not the case for the organic analyses of 
TCE and cc1 4 in various matrices i.e., air, water, and soil. 

Inspection of the analytical data obtained from, and auditing of 
the analytical procedures used by, the contract analytical laboratory 
(CEP of Santa Fe) pointed out two distinct flaws. One was in the 
spiking of the QC samples themselves and the other was in the 
analytical technique used by CEP to analyze the liquid feed mixtures. 

1.) The problem with the spiked QC samples was that the TCE 
was spiked at a 1000 fold excess of what it should be. The 
behavior of large amounts of these volatile organic materials 
on sorption media such as soils and Tenax is unknown and may 
account for the low recoveries observed for the first set of 
analyses. Thus, it was decided to resubmit additional QC 
samples to CEP for analyses, that contained organic materials 
spiked at levels more-in-line with what was found in the 
majority of the other samples. The recoveries on second set 
were better for the vest cartridges, but were erratic for the 
water samples. 
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2.)The improper analytical technique used by CEP for the 
analyses of the Liquid Feed mixtures was GC-ECD. The reason 
for this being improper is that calibration curves for the 
ECD are extremely non-linear at the high levels found in the 
samples we submitted. GC-FID on the other hand is the 
appropriate analytical technique for these analyses. Thus, 
it was decided to resubmit for analyses, all of the samples 
previouslS analazed by GC-ECD along with new QC samples. The 
results o taine for the QC samples for the old vs new method 
are found in tabular form in this memorandum as First Set • 
old method(GC-ECD) and Second Set • new method(GC-FID). The 
average recoveries for these are listed at the bottom of each 
table. 

It should be noted here that the poor recoveries observed for the 
soil samples, may result from dramatic differences in altitude between 
the sampling site and analytical laboratory. Further, the soil used to 
make these QC samples is not truly representative of the ash samples 
for which they were intended, so the low recoveries may not be an 
indication of the reliability of data obtained from the ash samples. 
Then again, it may. 

cy: Peggy Gautier, QA/QC. 



ii) EPA Audit Gas sample Analysis Results 



Ms. Cynthia Sokol 
Research Triangle Institute 
Building #6 
P. 0. Box 12194 
Research Triangle Park, NC 27709 

Dear Ms. Sokol: 

December 23, 1986 
HSE-7A-86-77 
E517 
(505) 667-7391 

Pursuant to a request by R.K.M. Jayanty, enclosed you will 
find an Analytical Report presenting results of analyses for 
Carbon Tetrachloride and Trichloroethylene on VOST samples 
taken during a RCRA Trial Burn at this location on September 
4-7, 1986. These analyses were performed by the analytical 
firm of Controls for Environmental Pollution, Inc. of Santa 
Fe, New Mexico. Included in this report are analytical results 
on audit gases (Ref. #'s: AAL #11924 and AAL #12421) obtained 
through your office. These results are outlined in yellow on 
the second page of the report. 

Also enclosed is a copy of a cover letter received from R.K.M. 
Jayanty concerning shipment and handling of the aforementioned 
audit gas cylinders. Please note that in this letter audit gas 
AAL #12421 is identified as 1,1,1-Trichloroethane, whereas the 
secondary POHC in our feed mixture was Trichloroethylene. 
Therefore, all VOST sample analyses were conducted to quantify 
the presence of Trichloroethylene (along with Carbon 
Tetrachloride) and NOT 1,1,1-Trichloroethane. 

I hope these results meet with your approval. If you should 
have any questions, please call me at (505) 667-7391. 

st=9h~ 
David A. Hutchins 
Group HSE-7 
Chemical Waste Operations 
Los Alamos National Laboratory 

DAH:mec 

Enclosures: ajs 

Cy: R. Garde, HSE-7, MS E518 
L. C. Borduin, HSE-7, MS E517 

CRM-4, MS AlSO 
HSE-7 Files, MS E517 



lESEARCH TRIANGLE INSTITUTE 

Center for Environmental Measurements 

Mr. David A. Hutchins 
Los Alamos National Laboratory 
P. 0. Box 1663 
Ma i1 stop E 517 
Los Alamos, New Mexico 87545 

Dear Mr. Hutchins: 

February 11, 1987 

Please find attached the Revised Audit Results for audit numbers 91 and 
92, reflecting the corrected values of the test runs for carbon tetrachlo
ride and trichloroethylene. 

If you have any questions, please contact me (919) 541-6483. 

RKMJ/ sr/91 ,92 

cc: Darryl von Lehmden, EMSL/EPA 
Robert Lampe, EMSL/EPA 
Florence Richardson, EPA/Washington 
Ralph Koenig, LANL 
Mark Sides, Region VI, EPA 

Post Office Box 12194 Research Triangle Park, North Carolina 27709 

Si, ncere ly, ;;;· . 

f.!}/}jty~ 
Project Leader 

Telephone: 919 541-6000 
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FIELD AUDIT REPORT/NUMBER 91-Revi sed 

PART A- To be filled out by organization supplying audit cylinders (RTI) 

1. Organization supplying audit sample( s) and shipping address 

Research Triangle Institute 
P.O. Box 12194 
Cornwallis Road 
Researcn-rrfcin~gTl-e~Pra-rrk-,'Nr.~c-.~2~7~7~09~---------------------

2. Individual requesting Audit, organization, and phone number 

Mark Sides, Region VI EPA, Dallas, TX (214) 767-8944 

3. Audit supervisor, organization, and phone number 

R.K.M. Jayanty, Research Triangle Institute~ (919) 541-6483 

4. Shipping instructions - Name, Address, Attention 

Ralph Koenig, T.A. 50, Bldg. 37, SM-30 Bikini Rd., Los Alamos 

National Laboratory, Los Alamos, NM 87545 

5. Shipping date for cylinder August 22, 1986 

6. Guaranteed arrival date for cylinder by Overnite Trans. Co. 

7. Audit cylinder(s) status/constituent concentration 

A. Cylinder number 

B. Cylinder pressure, psig 

c. Cylinder construction 

D. Audit Balance Gas 

E. Date of Last Analysis 

F. Audit Gas(es), ppb 

Carbon tetrachloride 

Chl orofonn 

Perchloroethylene 

Benzene 

Vinyl chloride 

cc: Darryl von Lehmden, EMSL/EPA 
Robert Lampe, EMSL/EPA 

AAL 11924 

1800 

Aluminum 

Nitrogen 

4/86 

16.9 + 0.5 

23.2 + 0.5 

78 + 1.9 

52.6 + 1.7 

31.8 + 1.0 

Florence Richardson, EPA/Washington 
Mark Sides, Region VI, EPA 
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FIELD AUDIT REPORT/NUMBER 91-Revi sed 

PART B- To be filled out by audit supervisor 
1. Organic chemical manufacturing process Hazardous Waste Trial 

Burn 
2. Name of individual/organization being audited 

Ralph Koenig, Los Alamos National laboratory 
3. Location of audit Los Alamos National Laboratory, Los Alamos 

New Mexico 87545 
4. Use of audit material Ascertain accuracy of VOST sampling and 

GC/MS analysis procedures. 
5. Audit Results 

A. Cylinder number 
B. Pressure before audit, psig 
C. Pressure after audit, psig 
D. Audit date: 

AAL 11924 
1800 
1500 
9/7/86 

. Compound 
Auditee 

Cone. (ppb) 

1 2 3 Average 
Carbon 

tetrachloride 12.32 * 

Chloroform 

Perchl oroethyl ene __ 

Benzene 

Vinyl chloride 

E. Audit Accuracy* 

14.20 

Carbon tetrachloride -22 
Chloroform N/A 
Perchl oroethyl ene N/A 
Benzene N/A 
Vinyl chloride N/A 

13.26 

N/A 

N/A 

N/A 

N/A 

RTI 
Concentration 

16.9 + 0.5 

23.2 + 0.5 

78 + 1.9 

52.6 + 1.7 

31.8 + 1.0 

* Percent accuracy= Auditee Cone. - RTI Cone. 

RTI Cone. 
X 100 

6. Problems (if any) This revised report replaces a91. 



FIELD AUDIT REPORT/NUMBER 92-Revi sed 
Page 1 of 2 

PART A- To be filled out by organization supplying audit cylinders (RTI) 
1. Organization supplying audit sample(s) and shipping address 
Research Triangle Institute 
P .0. Box 12194 
Cornwallis Road 
Research Triangle Park, N.C. 27709 

2. Individual requesting Audit, organization, and phone number 

Mark Sides, Region VI EPA, Dallas, TX (214) 767-8944 

3. Audit supervisor, organization, and phone number 

R.K.M. Jayanty, Research Triangle Institute, (919) 541-6483 

4. Shipping instructions - Name, Address, Attention 

Ralph Koenig, T.A. 50, Bldg. 37, SM-30 Bikini Rd. Los Alamos 

National Laboratory, Los Alamos, NM 87545 

5. Shipping date for cylinder August 22 ~ 1986 

6. Guaranteed arrival date for cylinder by Overnite Trans. Co. 

7. Audit cylinder(s) status/constituent concentration 

A. Cylinder number AAL 12421 
e. Cylinder pressure, psig 1400 

• c. Cylinder construction Aluminum 
D. Audit Balance Gas Nitrogen 
E. Date of Last Analysis 6/86 
F. Audit Gas(es) PPB 

Acetonitrile 14.9 + 1.0 

Methyl Ethyl Ketone 18.1 + 1.0 

Trichloroethylene 13.2 + 0.7 

1 ,2-Dichloroethane 16.7 + 0.9 

Trichlorofluoromethane 15.9 + 0.5 

Bromomethane (7 /85 )' 15.0 + 0.6 

Dichlorodifluoromethane 15.5 + 0.6 

1 ,2-Dibromoethane 16.2 + 0.7 

1 ,1,1-Trichloroethane 16.3 + 0.9 

cc: Darryl von Lehmden, EMSL/EPA 
Robert Lampe, EMSL/EPA 
Florence Richardson, EPA/Washington 
Mark Sides, Region VI, EPA 
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FIELD AUDIT REPORT /NUMBER _ __::..:92~-

PART B- To be filled out by audit supervisor 
1. Organic chemical manufacturing process Hazardous Waste Trial 

Burn. 
2. Name of individual/organization being audited 

Ralph Koenig, Los Alamos National Laboratory 
3. Location of audit Los Alamos National Laboratory 

New Mexico 87545 
4. Use of audit material Ascertain accuracy of VOST scmpling and 

GC/MS analysis procedure. 

5. Audit Results 
A. 
B. 
c. 
D. 

Cylinder number 
Pressure before audit, psig 
Pressure after audit, psig 
Audit date: 

Compound 

1 2 
Acetonitrile 

AAL 12421 
1400 
1350 

9/7/86 

Audi tee 
Cone. (ppb) 

3 Avg. 
N/A 

Methyl Et-hyl Ketone N/ A 

Trichloroethylene 12.25 1-2.9513.'82 :-1-3-.01 

1 ,2-Dichl oroethane N/A 

Trichl orofl uoranethane N/A 

Bromomethane N/A 

Diehl orodi fl uoranethane N/A 

1 ,2-Dibranoethane N/A 

1 ,1 ,1-Trichloroethane N/A 

RTI 
Concentration 

14.9 + 1.0 

18.1 + 1.0 

13.2 + 0.7 
-- .!:__ ....... , t,. ·~· : -~~!:)[ 

16.7 + 0.9 

15.9 + 0.5 

15.0 + 0.6 

15.5 + 0.6 

16.2 + 0.7 

16.3 + 0.9 

E. Audit Accuracy* 
Acetonitrile 
Methyl Ethyl Ketone 
Trichloroethylene 
1,2-Dichloroethane 
Trichlorofluoranethane 

N/A 
N/A 
-1 
N/A 
N/A 

Branomethane 
Dichlorodifluoromethane 
1,2-Dibranoethane 
1,1,1-Trichloroethane 

N/A 
N/A 
N/A 
N/A 

* Percent accuracy = Auditee Cone. - RTI Cone. 
X 100 

RTI Cone. 

6. Problems {if any) This revised report replaces 692. 

-'- , __ ""-~ 



COMPARISON OF VOST QC AUDIT ANALYSES 

Analytical 
Sample Number Result QC Result % Recovery 

n 
First Set 
00.96770 (TCE) 1150 20280 6 
00.96770 (CC1 4 ) 8 20 40 

00.96771 (TCE) 499 10140 5 
00.96771 (CC1 4 ) 6 10 60 

00.96772 (TCE) NR 40560 
00.96772 (CC1 4 ) NR 40 

Average: TCE 5.5 
CCl.i 50 . 

Second Set 
00.96586 (TCE) 240 280 86 
00.96586 (CC1 4) 2900 4800 60 

00.96587 (TCE) 4800 4500 106 
00.96587 (CC1 4) 330 220 150 

00.96588 (TCE) 2100 1100 190 
00.96588 (CC1 4 ) 1440 800 180 

Average: TCE 127 
CCl.i 130 

Analytical EPA QC % 
Sample Number Result Cone. Value Recovery 

(ng) (:g:gb) (:g:gb) 
EPA Audit Gases 
86.12477 (TCE) 502 12.25 13.2 93 
86.12477 (CC1 4 ) <10 0 

86.12478 (TCE) 605 12.95 13.2 98 
86.12478 (CC1 4 ) <10 0 

86.12479 (TCE) 614 13.82 13.2 105 
86.12479 (CC1 4 ) <10 0 

86.12480 (TCE) <10 0 
86.12480 (CC1 4 ) 615 12.32 16.9 73 

86.12481 (TCE) NR 0 
86.12481 (CC1 4 ) NR 16.9 

86.12482 (TCE) <10 0 
86.12482 (CC1 4 ) 730 14.20 16.9 84 

Average: TCE 99 
CCl.i 78 



APPENDIX B. INCINERATOR OPERATING CONDITIONS 

1) Operating Parameters 



INCINERATOR OPERATING CONDITIONS 

Parameter 

Waste Feed Rate, 
(1bm/hr) 

1-1 

147 

Waste Heat Content 8418 
(Ca1cu1ated-BTU/1b) 

PCC Fuel Gas (SCFM) .5 
(@ 960 BTU/SCF) 

RUN # 
1-2 1-3 1-4 1-5 1-6 

166.8 166.8 170.4 171.6 171.6 

8418 8418 8418 8569 8569 

.5 .5 .5 .5 .5 

PCC Thermal Input 
(MM BTU/hr) 

1.266 1.433 1.433 1.463 1.499 1.499 

Upper Combustion 2200 
Chamber temp., (°F) 

Lower Combustion 1850 
Chamber temp., (°F) 

Offgas Flow (acfm) 1475 

Stack Gas Temp. (°F) 209 

Mean Scrub Soln. pH 4.8 

Bldg. Sump pH 3.2 

Venturi Pressure 45 
Drop (in WC) 

2200 2200 

1900 1925 

1475 1475 

209 209 

4.4 4.6 

4.8 5.5 

45 45 

2200 2200 2200 

1950 1850 1925 

1475 1521 1521 

209 213 213 

5.1 8.8 3.8 

5.9 6.3 6.2 

45 42 38 

Chloride Feed Rate 
(as HCl, lbjhr) 

86.21 97.82 97.82 99.93 100.6 100.6 

Chloride Emissions <.0016 <.0016 <.0016 <.0016 <.0016 <.0016 
(lb/hr) 

Scrubber Efficiency 99.99 99.99 99.99 99.99 99.99 99.99 
(%) 

sec o 2 Level (%) 
(Strip Chart) 

CO Emissions 
(ppmv @ 12% o 2 ) 

Ash in Feed (%) 

Particulate Out 
(grjdscf @ 7% o2) 

6.0 

7 

<.3 

.011 

6.2 

7 

<.3 

.011 

6.2 6.2 6.0 6.8 

7 7 8 8 

<.3 <.3 <.3 <.3 

.011 .011 .0066 .0066 



INCINERATOR OPERATING CONDITIONS 

------------------------------------------------------------
RUN # 

Parameter 2-1 2-2 2-3 2-4 2-5 2-6 

Waste Feed Rate, 173.4 173.4 171.6 171.6 172.8 172.8 
(1bm/hr) 

Waste Heat Content 8512 8512 8586 8586 8522 8522 
(Ca1cu1ated-BTU/1b) 

PCC Fuel Gas (SCFM) .5 .5 .5 .5 .5 .5 
(@ 960 BTU/SCF) 

PCC Thermal Input 1.505 1.505 1.502 1. 502 1. 501 1.501 
(MM BTU/hr) 

Upper Combustion 2000 2000 2000 2000 2000 2000 
Chamber temp., (°F) 

Lower Combustion 1875 1910 1950 1975 2000 2010 
Chamber temp., (OF) 

Offgas Flow (acfm) 1351 1351 1356 1356 1345 1345 

stack Gas Temp. (OF) 216 216 226 226 229 229 

Mean Scrub Soln. pH 5. 1--- ---A· 8 _ A.8 5.0 3.6 2.6 

Bldg. sump pH 4.7 5.7 6.2 6.4 6.4 6.5 

Venturi Pressure 38 38 38 38 39 39 
Drop (in WC) 

Chloride Feed Rate 102.14 102.14 101.08 101.08 101.8 101.8 
(as HCl, lb/hr) 

Chloride Emissions <.0014 <.0014 .0616 .0616 .4220 .4220 
(lb/hr) 

Scrubber Efficiency 99.99 99.99 99.94 99.94 99.59 99.59 
(%) 

sec o 2 Level (%) 8.0 8.0 8.0 8.0 8.2 8.2 
(Strip Chart) 

co Emissions 8 8 9 9 11 11 
(ppmv @ 12% 02) 

Ash in Feed (%) <.3 <.3 <.3 <.3 <.3 <.3 

Particulate out .0137 .0137 .0114 .0114 .0153 .0153 
(grjdscf @ 7% o 2 ) 



INCINERATOR OPERATING CONDITIONS 

Parameter 

Waste Feed Rate, 
(lbm/hr) 

RUN # 
3-1 3-2 3-3 3-4 3-5 3-6 

165.6 165.6 186.6 186.6 177.6 177.6 

Waste Heat Content 4874 4874 4874 4874 4874 4874 
(Calculated-BTU/lb) 

PCC Fuel Gas (SCFM) 1.0 1.0 1.0 1.0 1.0 1.0 
(@ 960 BTU/SCF) 

PCC Thermal Input .8647 .8647 .9671 .9671 .9232 .9232 
(MM BTU/hr) 

Upper Combustion 2200 2200 2200 2200 2200 2200 
Chamber temp., (°F) 

Lower Combustion 1690 1720 1640 1675 1675 1650 
Chamber temp., (°F) 

Offgas Flow (acfm) 1544 1544 1655 1655 1567 1567 

Stack Gas Temp. (°F) 225 225 216 216 210 210 

Mean Scrub Soln. pH 1.7 1.7 4.2 5.4 4.1 3.9 

Bldg. sump pH 6.4 6.5 6.0 6.1 6.4 6.4 

Venturi Pressure 39 39 39 39 39 39 
Drop (in WC) 

Chloride Feed Rate 
(as HCl, lb/hr) 

67.01 67.01 75.52 75.52 72.88 72.88 

Chloride Emissions .2525 .2525 .1130 .1130 .1978 .1978 
( lb/hr) 

Scrubber Efficiency 99.62 99.62 99.85 99.85 99.73 99.73 
(%) 

sec o2 Level (%) 
(Strip Chart) 

co Emissions 
(ppmv @ 12% o2 ) 

Ash in Feed (%) 

Particulate Out 
(grjdscf @ 7% o2 ) 

-7.0 -7.0 -6.5 -6.0 -7.5 -8.0 

*** *** 8 8 8 8 

. 0154 . 0154 . 0210 . 0210 . 0237 . 0237 



INCINERATOR OPERATING CONDITIONS 

RUN # 
Parameter 4-1 4-2 4-3 4-4 4-5 4-6 

Waste Feed Rate, 
(1bm/hr) 

190.2 190.2 193.8 193.8 203.4 203.4 

Waste Heat Content 
(Calculated-BTU/lb) 

PCC Fuel Gas (SCFM) 
(@ 960 BTU/SCF) 

4874 4874 

1.0 1.0 

4874 

1.0 

4874 4874 4874 

1.0 1.0 1.0 

PCC Thermal Input 
(MM BTU/hr) 

.9846 .9846 1.002 1.002 1.049 1.049 

Upper Combustion 2000 
Chamber temp., (°F) 

Lower Combustion 1350 
Chamber temp., (°F) 

Offgas Flow (acfm) 1469 

Stack Gas Temp. (°F) 213 

Scrub Soln. pH 6.2 

Bldg. Sump pH 5.5 

Venturi Pressure 39 
Drop (in WC) 

2000 2000 

1325 1425 

1469 1540 

213 211 

6.2 5.8 

5.8 6.2 

39 39 

2000 2000 2000 

1525 1575 1575 

1540 1537 1537 

211 202 202 

6.2 4.6 5.7 

6.3 6.4 6.5 

39 39 39 

Chloride Feed Rate 
(as HCl, lb/hr) 

77.93 77.93 79.25 79.25 83.36 83.36 

Chloride Emissions .0491 .0491 .2819 .2819 .3260 .3260 
( lbjhr) 

Scrubber Efficiency 99.94 99.94 99.64 99.64 99.61 99.61 
(%) 

sec o2 Level (%) 
(Strip Chart) 

co Emissions 
(ppmv @ 12% o 2 ) 

Ash in Feed (%) 

Particulate out 
(grjdscf @ 7% o2) 

-11.0 -10.5 -10.0 -10.0 -9.5 -10.0 

10 10 9 9 11 11 

.0089 .0089 .0136 .0136 .0244 .0244 



APPENDIX B. INCINERATOR OPERATING CONDITIONS 

2) Flowrate & Temperature Data 



FLOWRATE & TEMPERATURE DATA 

SAMPLE PERIOD 
PARAMETER 1-1 1-2 1-3 1-4 1-5 1-6 
Baro. p (in Hg) 23.19 23.19 23.19 23.19 23.08 23.08 

HEPA OG (scfm) 903 903 903 903 922 922 

Cond. Tout (F) 156 155 156 155 157 157 

Cond. Pout (psia) 9.580 9.580 9.580 9.580 9.653 9.800 

PH20 @ Tcond. (psia) 4.307 4.205 4.307 4.205 4.413 4.413 

Secondary Air (scfm) 15 15 15 15 15 17 

Under fire Air (scfm) 20 20 20 20 20 20 

Upper B. Air (scfm) 93 86 83 81 97 87 

Lower B. Air (scfm) 7 7 7 7 7 7 

Liquid B. Air ( lb/m) 14.2 14.0 14.0 14.0 16.0 16.0 

Liquid B. Air (scfm) 190 188 188 188 215 215 

Upper B. Fuel ( scfm) 23 22.3 23 21.7 25 25.5 

Lower B. Fuel (scfm) .5 .5 .5 .5 .5 .5 

Total Steam (lb/hr) 106 105 104 103 107 105 

Secondary Temp. (F) 2200 2200 2200 2200 2200 2200 

Primary Temp. (F) 1825 1900 1930 1950 1850 1925 

Waste Feed (lbjmin) 2.45 2.78 2.78 2.84 2.86 2.86 

% CC14 44.84 44.84 44.84 44.84 44.84 44.84 

% TCE 19.39 19.39 19.39 19.39 19.39 19.39 

#2 Fuel oil (%) 34.93 34.93 34.93 34.93 34.93 34.93 

CC1 4 Feed ( lb/hr) 65.91 74.80 74.80 76.39 76.92 76.92 

TCE Feed (lb/hr) 28.50 32.34 32.34 33.04 33.30 33.30 

#2 Fuel Oil (lb/hr) 51.35 58.26 58.26 59.52 59.94 59.94 

Ave. co (ppm) 5 5 5 5 6 6 

Ave. C02 (%) 8.6 8.6 8.6 8.6 8.6 8.6 



FLOWRATE & TEMPERATURE DATA 

SAMPLE PERIOD 
PARAMETER 2-1 2-2 2-3 2-4 2-5 2-6 
Baro. p (in Hg) 23.05 23.05 23.05 23.05 23.05 23.05 

HEPA OG (scfm) 814 814 805 805 795 795 

Cond. Tout (F) 151 153 153 152 152 152 

Cond. Pout (psia) 9.784 9.784 9.790 9.790 9.757 9.757 

PH20 @ Tcond. (psia) 3.813 4.005 4.005 3.907 3.907 3.907 

Secondary Air (scfm) 17 15 16 18 19 18 

Underfire Air (scfm) 20 20 20 21 20 20 

Upper B. Air (scfm) 47 44 39 37 35 35 

Lower B. Air (scfm) 8 8 8 8 8 8 

Liquid B. Air ( lb/m) 16.4 16.4 16.2 16.2 16.2 16.2 

Liquid B. Air (scfm) 220 220 217 217 217 217 

Upper B. Fuel (scfm) 7.8 7.2 6.5 6.0 6.0 5.8 

Lower B. Fuel (scfm) . 5 .5 . 5 . 5 . 5 . 5 

Total Steam ( lbjhr) 105 104 101 100 99 98 

Secondary Temp. (F) 2000 2000 2000 2000 2000 2000 

Primary Temp. (F) 1875 1910 1950 1975 2000 2010 

Waste Feed (lbjmin) 2.89 2.89 2.86 2.86 2.88 2.88 

% CC14 45.35 45.35 45.35 45.35 45.35 45.35 

% TCE 19.12 19.12 19.12 19.12 19.12 19.12 

#2 Fuel Oil (%) 34.69 34.69 34.69 34.69 34.69 34.69 

CC1 4 Feed (lb/hr) 78.63 78.63 77.84 77.84 78.37 78.37 

TCE Feed ( lb/hr) 33.17 33.17 32.78 32.78 33.04 33.04 

#2 Fuel Oil ( lbjhr) 60.15 60.15 59.53 59.53 59.94 59.94 

Ave. co (ppm) 5 5 6 6 7 7 

Ave. C02 (%) 8.0 8.0 8.0 8.0 8.0 8.0 



FLOWRATE & TEMPERATURE DATA 

SAMPLE PERIOD 
PARAMETER 3-1 3-2 3-3 3-4 3-5 3-6 
Baro. p (in Hg) 23.15 23.15 23.05 23.05 23.05 23.05 

HEPA OG (scfm) 923 923 998 998 953 953 

Cond. Tout (F) 154 155 160 160 142 140 

Cond. Pout (psia) 9.775 9.775 9.726 9.726 9.726 9.726 

PH2o @ Tcond. (psia) 4.103 4.205 4.741 4.741 3.041 2.889 

Secondary Air (scfm) 142 140 116 100 150 146 

Underfire Air (scfm) 45 45 47 47 47 44 

Upper B. Air (scfm) 157 152 156 147 171 175 

Lower B. Air (scfm) 7 7 20 20 7 53 

Liquid B. Air ( lb/m) 0 0 0 0 0 0 

Liquid B. Air (scfm) 0 0 0 0 0 0 

Upper B. Fuel (scfm) 14 13 12.8 12.3 14.5 13.4 

Lower B. Fuel (scfm) 1 1 1 1 1 1 

Total Steam ( lb/hr) 4 4 99 99 99 99 

Secondary Temp. (F) 2200 2200 2200 2200 2200 2200 

Primary Temp. (F) 1690 1720 1640 1675 1675 1650 

Waste Feed (lbjmin) 2.76 2.76 3.11 3.11 2.96 2.96 

% CC14 29.85 29.85 29.91 29.91 30.40 30.40 

% TCE 14.62 14.62 14.56 14.56 14.68 14.68 

#2 Fuel Oil (%) 0 0 0 0 0 0 

CC1 4 Feed ( lb/hr) 49.30 49.30 55.77 55.77 54.05 54.05 

TCE Feed ( lbjhr) 24.19 24.19 27.22 27.22 26.17 26.17 

#2 Fuel Oil ( lb/hr) 0 0 0 0 0 0 

Ave. co (ppm) 5 5 5 5 

Ave. C02 (%) 8.0 8.0 7.6 7.6 7.6 7.6 



FLOWRATE & TEMPERATURE DATA 

SAMPLE PERIOD 
PARAMETER 4-1 4-2 4-3 4-4 4-5 4-6 
Baro. p (in Hg) 23.13 23.13 23.13 23.13 23.10 23.10 

HEPA OG (scfm) 892 892 938 938 948 948 

Cond. Tout (F) 139 138 138 138 138 137 

Cond. Pout (psia) 9.731 9.731 9.731 9.731 9.721 9.721 

PH20 @ Tcond. (psia) 2.817 2.744 2.744 2.744 2.744 2.674 

Secondary Air (scfm) 145 143 145 141 142 143 

Underfire Air (scfm) 51 51 50 50 50 50 

Upper B. Air (scfm) 134 137 132 132 132 133 

Lower B. Air ( scfm) 7 7 7 7 7 7 

Liquid B. Air ( lb/m) 0 0 0 0 0 0 

Liquid B. Air (scfm) 0 0 0 0 0 0 

Upper B. Fuel (scfm) 20 20 19.7 19.3 19.5 19.7 

Lower B. Fuel (scfm) 1 1 1 1 1 1 

Total Steam ( lb/hr) 99 99 99 99 99 99 

Secondary Temp. (F) 2000 2000 2000 2000 2000 2000 

Primary Temp. (F) 1350 1325 1425 1525 1575 1575 

Waste Feed (lbjmin) 3.17 3.17 3.23 3.23 3.39 3.39 

% CC14 31.14 30.14 30.25 30.25 30.25 30.25 

% TCE 14.90 14.90 14.68 14.68 14.79 14.79 

#2 Fuel Oil (%) 0 0 0 0 0 0 

CC1 4 Feed (lb/hr) 57.36 57.36 58.68 58.68 61.59 61.59 

TCE Feed ( lb/hr) 28.28 28.28 28.41 28.41 30.13 30.13 

#2 Fuel Oil (lb/hr) 0 0 0 0 0 0 

Ave. co (ppm) 5 5 5 5 7 7 

Ave. C02 (%) 5.9 5.9 7.0 7.0 8.0 8.0 



APPENDIX B. INCINERATOR OPERATING CONDITIONS 

3) Log Book & Manual Data Sheets 
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APPENDIX B. INCINERATOR OPERATING CONDITIONS 

4) Feed cut-off system Documentation 





APPENDIX C. FEED PREPARATION & FEED RATE DATA 

1) LIQUID FEED RATES 



Liquid Feed Rate Data 

condition 1--9/4/86 

0. 249 W/0 
34.93 W/0 
44.84 W/0 

Condition 2--9/5/86 

0.249 
34.69 W/0 
45.35 W/0 

Alumagel 
Fuel Oil 
CC1 4 
TCE 19.99 W/0 (*19.39) 

Alumagel 
Fuel Oil 
CC1 4 
TCE 19.71 W/0 (*19.12) 

* TCE wt% corrected to 97% analysis of TCE feedstock 

Sample Period Flowmeter; Corrected POHC Feed 
and Time Corrected Flowrate lbm/hr 

~E~P~A~M~-~5~--~V~O~S~T~------~l~b~m~/~m~1~·n~------~lb~m~/~h~r--~C=C=l_4 __ 97% TCE 

LA-1-M5-1 LA-1-V-1 
1310-1445 1315-1335 

LA-1-V-2 
1401-1421 

LA-1-V-3 
1443-1503 

LA-1-V-4 
1525-1545 

LA-1-M5-2 LA-1-V-5 
1852-2015 1824-1844 

LA-1-M5-3 
2125-2245 

LA-1-V-6 
1938-1958 

LA-2-M5-1 LA-2-V-1 
0950-1120 0958-1018 

LA-2-V-2 
1044-1104 

LA-2-M5-2 LA-2-V-3 
1220-1340 1216-1236 

LA-2-V-4 
1302-1322 

LA-2-M5-3 LA-2-V-5 
1440-1600 1448-1508 

LA-2-V-6 
1527-1547 

2.26/2.45 

2.59/2.78 

2.59/2.78 

2.62/2.84 

2.64/2.86 

2.64/2.86 

2.64/2.86 

2.67/2.89 

2.67/2.89 

2.64/2.86 

2.64/2.86 

2.66/2.88 

2.66/2.88 

147 65.91 28.50 

166.8 74.80 32.34 

166.8 74.80 32.34 

170.4 76.39 33.04 

171.6 76.92 33.30 

171.6 76.92 33.30 

171.6 76.92 33.30 

173.4 78.63 33.17 

173.4 78.63 33.17 

171.6 77.84 32.78 

171.6 77.84 32.78 

172.8 78.37 33.04 

172.8 78.37 33.04 

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

Date IIP>/86 
I I 

LOS ALAMOS CAI 
LIQUID FEED FLOWRATE CALIBRATION 

Liquid W4r<x.tf27S"F Data Recorded by QJ... n~---
F 1 owm e t e r Type___;fl~t c,ec.:......;_>/'(_r:!l:...;.;n&J=-----Hc-o~Pc_'2._;;C.=------

(1 

Pump 
Data stroke Micromotion Chart Measured Quantities Calculated 
Point Setting Readout Reading HfO Vol Time Flowrate 

No. (%) (lb/minl (lb/minl mL) _Lsec) (lb/rninl 

I 7D 2.. 03 2.0b 12-'8 74-.0! 2., 18 

.:< 7o 2-0.3 2.ot, I '2 78 77.?.{' "2..151 

3 /00 ~-7~ .2. ,2. 3 I'S'f~ b2.:::,b 2>.2.-o 

4- /00 2. ,9 ~ 2 ,2,..3 1~08 bLr/5'" 3.2-f 

> 8~ 2,60 .2.32.. I 3oc b/.87 2.78 

I G as- Z .s-B 2.;32. /31 ~- 62.,91 2.76 

7 75' 2. .z.g ..2.,30 14-~t 7Z.f,o 2,4-£ 

_/8 7~ "2.-2--8 ;2.,3c) 13Cf8 7 5'"" I(, 2. .4-b 

9 Go 1-84- /. Bb I"VrB 84-.-L"l b /. 16 
/0 cOO I .. gz_ I. B;;- IZ3) 83./8 I .. 1b 

II t<l /. 4-o ;.# ;octo 93. s-G (. 'f 7 

/2 ts I, 4-1 (.# 81(;, 80.0Cf /. 'f8 
(3 3o 0.9 t; 0.97 eA·o If 3-87 e;.c;s 

/4 3o o.c, 4- o.q7 998 /3f:-!7 0.96 

rr:- tr- 0.44- 0,4~ 83o 2-61-86 o.lf-L 

16 {~ o.43 0 -1-r" 7~7 zqs,rs;- o .Cf I 

' 
I 



LOS ALAMJS CAI 

Liquid Feed Flowrate Calibration 

11/25/86 

TIGRAPH 200 STATUS 

CHANNEL I A I B I C I D I £ I I 
--------------·-----·-----·-----·-----·-----·---, HI SETPOINT ~ I 99 I 99 I 99 I 99 I 99 I 91 
--------------·-----·-----·-----+-----·-----·---1 LO SET PO I NT ~ I 0 I 0 I 0 I 0 I 0 I ~ 

--------------·-----·-----·-----·-----·-----·---~ CHANNEL SELECT I ON I ON I ON I ON I ON I 01 
--------------·-----·-----·-----·-----·-----·---~ CHART NODULE I PIA : P2A I P3A I P4A I PSA I P6 

--------------·-----·-----·-----·-----·-----·---SCALE HI END 17. SO :100. I 100. 114S. I 14S. I 14!5 
--------------·-----·-----·-----·-----·-----·---SCALE LO END 10.00 10.00 100.0 100.0 10.00 10.0 
--------------·-----·-----·-----·-----·-----·---SCALE UNITS I~AST£1LVL-11LVL-21PT-OIIPT-021PT-
--------------+-----+-----+-----+-----+-----+---
LO PASS fiLTERI OUT : OUT I OUT I OUT I OUT I OU 
--------------·-----·-----·-----·-----·-----·---CHART SPEED 4.!5 IN/HOUR 
--------------·---------------------------------

JUMP SPEED orr IN/HOUR 
--------------+---------------------------------
TIM£ fORMAT MONTH - DAYSoHOURSIMINUTES 
--------------+---------------------------------
Till£ II-2So 10121 YEAR I '86 
--------------+---------------------------------
GRIDS ORDERED I BY CHANNEL LIN£ SYNC 60 HZ 
--------------+---------------------------------

PRINTER TEST COMPLETE. 
ABCD£fGH!JKLIINOPQRSTUV~XYZ/abc~•f9hoJkl•ooPq•<tu 

IJJJ//////l/l/JJ/////1///1//111/II/11//1//Jl/ll_L 
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LIQUID FEED RATE STRIP CHART 

Designations on the following strip chart are as follows: 

Trace Designator 

A WASTE 

B LVL-1 

c LVL-2 

D PT-01 

E PT-02 

F PT-03 

Identification 

Waste Feed (0-7.5 lbm/min) 

Level in Feed Tank #1 (%) 

Level in Feed Tank #2 (%) 

Feed Tank #1 Pump Discharge 
Pressure (0-145 psi) 

Feed Tank #2 Pump Discharge 
Pressure (0-145 psi) 

Liquid Burner Feed Pressure 
(0-145 psi) 

Please note t~at date and time are printed periodically on 
the left hand side of the chart. In addition, trace 
designators are printed in sequence (A-F) on the left hand 
side of the chat·t. When each designator is printed, the 
appropriate chart scale for that input is also printed 
(i.e.- A=WASTE, 0-7.5 lbm/min; B=LVL-1, 0-100%; D=PT-01, 0-
145 psi; etc.). The scale for any trace continues for four 
(4) vertical divisions, until the next trace designator and 
scale are printed. 

To correctly determine the value for a particular trace at 
any given point on the chart you must refer back to the 
scale printed for that trace when the trace designator is 
printed (once every 24 vertical divisions). Traces ARE NOT 
attenuated to correspond to different scales. Attempts to 
determine values for a given trace other than with reference 
to its appropriate scale will result in erroneous readings! 

Please note also that beginning with 9/05/86 chart speed was 
changed from 18 inchesjhr to 9 inchesjhr to conserve chart 
paper. 
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APPENDIX C. FEED PREPARATION & FEED RATE DATA 

2) LIQUID FEED PREPARATION 
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APPENDIX C. FEED PREPARATION & FEED RATE DATA 

3) SOLID FEED RATES 



Solid Feed Rate Data 

Feedstocks: CC1 4 100%, TCE 97% 

Condition 3--9/6/86 Condition 4--9/7/86 

Sample Gross 
Period Box #s wt. Times CCl TCE 
& Time Fed (lbs) Fed (lb~l (lbs) 
LA-3-MS-1 21 37.20 1029 11.12 5.64 
1035-1155 22 37.18 1040 11.06 5.62 

23 37.22 1050 11.10 5.60 
LA-3-V-l 24 37.10 1104 11.12 5.54 
1036-1056 25 37.20 1117 11.16 5.56 

28 37.28 1130 11.06 5.68 
LA-3-V-2 29 1150 
1117-1137 Total 223.18 81 min 66.62 33.64 

Feedrates (lbm/hr) 49.30 24.19 
(corrected to 97% TCE) 

165.6 lbmjhr 29.85% 14.62% 
--------------------------------------------------------
LA-3-MS-2 34 37.28 1700 11.16 5.64 
1707-1832 32 37.42 1713 11.24 5.60 

35 37.36 1725 11.26 5.54 
LA-3-V-3 38 37.38 1737 11.12 5.64 
1709-1729 36 37.32 1748 11.14 5.64 

40 37.16 1800 11.12 5.56 
LA-3-V-4 42 36.58 1812 11.08 5.58 
1756-1816 41 37.76 1824 11.10 5.58 

43 1836 
Total 298.26 96 min 89.22 44.78 

Feedrates (lbmjhr) 55.77 27.22 
(corrected to 97% TCE) 

186.6 lbm/hr 29.91% 14.56% 
---------------------------------------------------------
LA-3-MS-3 45 36.82 1922 11.30 5.56 
1927-2050 47 36.68 1934 11.10 5.58 

46 36.50 1946 11.08 5.54 
LA-3-V-5 37 37.48 1959 11.40 5.56 
1924-1944 50 36.58 2012 11.08 5.58 

81 36.70 2024 11.08 5.54 
LA-3-V-6 87 36.98 2036 11.32 5.64 
1957-2017 70 2049 

Total 257.74 87 min 78.36 39.00 

Feedrates (lbmjhr) 54.05 26.17 
(corrected to 97% TCE) 

177.6 lbmjhr 30.40% 14.68% 

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



LA-4-MS-1 54 37.20 1342 11.06 6.16 
1350-1512 66 36.72 1352 11.16 5.58 

59 36.62 1407 11.10 5.52 
LA-4-V-1 86 36.82 1415 11.08 5.58 
1349-1409 92 37.12 1427 11.06 5.76 

89 37.04 1439 11.18 5.54 
LA-4-V-2 57 36.62 1451 11.06 5.60 
1430-1450 71 36.52 1503 11.12 5.52 

XX 1515 
Total 294.66 93 min 88.82 45.26 

Feedrates (lbmjhr) 57.36 28.28 
(corrected to 97% TCE) 

190.2 lbmjhr 30.14% 14.90% 
---------------------------------------------------------
LA-4-MS-2 49 36.52 1555 11.06 5.56 
1557-1718 65 36.64 1607 11.10 5.54 

82 36.62 1617 11.06 5.52 
LA-4-V-3 55 36.60 1629 11.06 5.58 
1558-1618 52 37.42 1641 11.26 5.54 

68 36.78 1653 11.10 5.62 
LA-4-V-4 73 36.70 1702 11.12 5.56 
1638-1658 85 36.74 1714 11.18 5.58 

74 1726 
Total 294.02 91 min 88.94 44.50 

Feedrates (lbmjhr) 58.68 28.41 
(corrected to 97% TCE) 

193.8 lbmjhr 30.25% 14.68% 

---------------------------------------------------------
LA-4-V-5 63 36.50 1806 11.10 5.56 
1809-1829 61 36.58 1818 11.08 5.58 

76 36.58 1830 11.10 5.56 
LA-4-V-6 75 36.76 1840 11.10 5.54 
1846-1906 91 36.88 1852 11.08 5.60 

64 36.92 1900 11.24 5.62 
LA-4-MS-3 69 36.66 1912 11.10 5.62 
1910-2030 83 36.82 1924 11.20 5.54 

88 36.70 1930 11.08 5.56 
56 36.66 1940 11.06 5.60 
79 37.26 1952 11.30 6.04 
53 37.10 2002 11.08 5.54 
80 36.56 2015 11.06 5.54 

6 2027 
Total 477.98 141 min 144.58 72.90 

Feedrates (lbm/hr) 61.59 30.13 
(corrected to 97% TCE) 

203.4 lbmjhr 30.25% 14.79% 

------------------------------------------------------------
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4) SOLID FEED PREPARATION 
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RCRA TRIAL BURN SOLID MATRIX 

FEED PREPARATION PROCEDURE 

Following is a step-by-step procedure for preparation of solid 
matrix feed material for the RCRA trial burn in the Los Alamos 
Controlled Air Incinerator. It is emphasized that steps 5 and 6 
must be performed using full face respirators eauipped with 
activated carbon canisters. 

1. Open the top lid on a box containing a 5 gal polyethylene jug. 
Unscrew the wide mouth cap and place on top of jug. Label the 
side of the box with an ID number. 

2. Place the boxjjugjcap on the digital balance and record the 
weight in lbs. Record the weight and punch the TR (tare) button 
on the balance. _ .. __ . _____ . 

3. Add the specified weight (15.28 lbs) of Pel-E-Cel (pelletized 
ground corn cobs) to the jug using a scoop and large polyethylene 
funnel supported on the ring stand. Record the actual weight of 
Pel-E-cel added to the jug. Punch the TR button on the balance. 
l-ote: For this operation, a dust mask· must be v.·orn. 

4. Add the specified amount of water (1.53 lbs) to the jug 
-- -- -through a separate funnel. Record the actual weight of water 

cdded to the jug. 

5. Transfer a drum of carbon tetrachloride (Ccl4 ) into the liquid 
feed roaJ with the forklift, placing it on the scale and in the 
right h·>.mispherical opening in the drum ventilation hood. Verify 
that both ventilation blowers are on. Make sure the drum pump, 
transfer line and valve, and intermediate carboy assembly are 
ready for liquid transfer from the drum. FROM THIS POINT ON, A 
FULL F/\.:E RESPIRATOR \HTH ACTIVATED CARBON CANISTER MUST BE WORN. 

· Remove the bung from the drum and insert the drum pump shaft into 
the bunghole until the end of the shaft rests on the bottom of 
the dru~. Wrap a rag around the open area between the shaft and 
the bung to minimize release of vapors. Begin transfer of cc14 
by pressing the air trigger on the drum pump. Release the 
trigger before the intermediate 5 gallon polyethylene carboy is 
full. Place a boxjjug which has previously been loaded with Pel-

. E-Cel and water on the balance. Punch the TR button on the 
scale. Begin gravity transfer of cc1 4 from the intermediate 
carboy into the jug through the drain valve on the bottom of-the 
carboy until the desired weight (11.10 lbs) has been reached. 
Record the actual weight of cc1 4 transferred and punch the TR 
button on the bali'l.nce. · . . -L . __ .• •• <:. 

... '- .... . ; . .. -~. ~:"1..:.:. ' , 
..... - ·.: ... ~ }; _-;,: 

6. For addition of trichloroethylene (TCE) into the solid feed -~~, . 
. · ·.·: .. ·matrix, follow the exact procedure as outlined in step 5 above. ·.···_~ · 

. ·,._ - .· :;_~The desired amount of TCE is 5. 55 lbs. Record the actual weight ·: ~-:· 
-~~; ... ~-;::of TCE added. Punch the TR button on the balance and record --~; . .;;_;:.;;,":::.. 

• .._ ""'-- ..._ -"'- .., •• ~ ~ '- := """'h , • d - ._....., t • ,...... - . h d ! - d ~ .\.- ,. ~~-~~o:;n"":-"~ .. . ~.~·:>;~:._ ......... a~ we ... g ..... 0.1. .... e SO.J..l .lua ..... .lx pa .... <:a':jeo T e es~ ... e ... c ... a.J. . .. -.·;:~=~-: .... 
<.- ~~~:--=:.~:f: weight is 3 7. 0 lbs. Replace cap on_ pol~ethylene jug. r&fp;-;,·-~~!'!'":::f!:!;J:!.~··:~.7 

i~~~;::~*-~~ _F;.·a.:$ ·:<·. · . ·· ·· : · -·~·:>~~ : ·•·· ·· :··"' · , ·' . · ,. -.~,n~;;;t~f~~~r~~rr~: 
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RCRA TRIAL BURN SOLID FEED 

s/r.rfs~ Box+Jug+Cap Pel-e-Cel Water CCl.:1 TCE Total Gross 
Box No. (lbs' (lbs) (1bs) (lbs) (lbs) Wt. ( l bs \ 

I ~ I 7. L C:, -=:----· 3 7. "{. 'f 

'2- ~b f). I 'f -- 37.2 (:; 

J ~ __ I b./:; b - 3/.DL 

y ~t { b.So - ~7-7 'f ---"') ~-SL ~~- y b - 3(,,qg 

G ~2, /6,9 'f - ~ 7.\-CL._ 

7 ~ I b. ;;--f, - .H . . Cfb 
0 ~~~ I bJ:JO -- '? 7 0 b = ·' -
1 ~ I f>.Jz._ .,---- . sb. c,o 

(C) ~~ )(;,,3L ,.--- 3 7-5 'f 
(( ~0 /6.8y .-- . 37. VCf 

((_ ~ (f.,¥'~ -- ~/, 16 

/]. ~v (~;76 - sb.Yo 

" 

... ·. .- .. -·· __ . .., . -:;. ~ - ... 

-~ -. ... -:- ., 
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Bo~: No. 

I<( 

1:;-

IG 
!7 

18 

,q 
2d 

:Zr 
2-z_ 

3 

f!_2tf 

Z--s 
~G 

•-z.7 
28 

zcr 
~ _,o 

'S I 

32... 

33 

. J <f 
-.. · 3 s-
~:2:,.-yb. -: 
.c~:. 3 -} 
~ : ... :::§__;!~~~~ 
~ 

Box+Jug+Cap 
(lbs) 

3. (o 0 

3.7G 

3--68 

3--0'2-

3 ~bu 

I 3r62- I 
I 3-62 

I 3-bo I 
3-6f 

3,£o 
3.Ga 

cJ.-6 'J_ 

I :5. (p-:; 

:3-6 -z_ : 

3.Go 
3J;y 

J ~C -z... 
3-p~ 

3-66 

364.. 
3,6 =< 
J.-6~ · . 

3 . .r- 9 
... -
--

3. 50 -. ,: .. -.:·, _':· 

RC~"\ TRIA~ BURN SOLID FEED r_;::$1 ") ycC IY~-* 1 

. +8/1£ ~e;4a6 
Pel-e-Cel Water CCl. TCE Total Gross ., 

(lbs) (lbs) llbs) (lbs} Ht. (l!:Js) 

(<)."3<- (S"lf;~J 1/.lv :;-.~; 37.31___ 

I~. )o /r~ //. I g ~.st )G.~ 

;:>.3o 1/.50~13 /l/8 I S.S8 sl- 2-L_ 

;.S.Z 2__ f -~() Ao.YJ 1/. I o s.5b 36-98 
r~'".sL- /--b"Z-~n !liZ. >.sY 37-DG 
1 s. yo / . .rz. ;fo..sv I 1-6 rE ~56 37,;'f 

I ::;_.J L 
- /.r-o/o.s ... /I. 08 t:.>f 57./f{ 

ll,s-;~4.+-J I(,;-<- ' 1 --- 3o 5. ~Cf 37.2-V :,, 

I :;,J_z It- n;~rJ{/, Of ~g2- 37 ( ( 8 

/s-; .:3o 1.6~~ If-f o ~bo .s ?.2-"L 

! s-_3 2.- /s~~vl If, IZ-- S::c;r; -~ 7.-({) 

;:;.<(z_ ~ . - ;:2. • ! /,I b· >· ,')0 . - 3 7. -~-£) 

/5". ~0 v~l · "" .20- vy f I .o8 5.5"3 :s 7. '2,'2_ 

/S-37-- 1-~ -
//-2.b ~-~"1, )/.28 

/ S-3 'f ~ ::Zo. Y8 /f. o G s: 68 57.28 

/.?,3b /S"~YG (/.f_'L !;_ry 3/./ 'f 
(S- Yt.-- V-%,7o (/.o 8 5 -- 2_ .~ 3 7. )C) 

I~- -t, o ~-~I t{.J L s-. .;-Lf 37.y6 
fs,~ l~z_ ({.?., y ~-~0 37. 4-L_ 
/S~_-, '( .. ~ ( ( . .;t.O S. )2- )7,t6 

/S."3L-. f-~7j ff.(fo' s-.~y- . 3 7.2-8 

/s-... ;Y . :..!';';·~ ~-:-- ~~~2 jl,'l 6 ~.~ . 37 3 (, .. ~: t" ,,, 
- • . - .:-.... :7 .: 

(.S.--50 :~ ~;~7~i-~~- (~ f{.fy <c_ S..fotp' 3 t ~ '3~~.:~/.'-
!S-12-·· '-~0--1-~re l(.lfo ~~b·: ~-3 7 y:g· '~~:. 

".":·~ • :f- .. 1..._~ 

. ,,~"\f~:~~~:~~~~;:.-';'.~:j (·~~:~~~- ~~~:-:: . . . -: ¥ ~:-=-;. >- ~--r:-~ ~:~~-? -. :, '(: ~:~-~ ~-":"~:-~~;:;:~·-~~~:?t~~::~:~~ 3.i~t:~:-·:~:=-~~;~::~:-: 
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RCRA TRIAL BUP~ SOLID FEED 

Box+Jug+Cap Pel-e-Cel Hater 
Box No. (lbs) I (lbs) (lbs) (lbs} 

38 .3 ·~ 0 I - 7 1/.~~vy /l-/2_ ~ ~...J 2.-

3'1 ·I :J' 6--z-. I (5,3o v __ s-.yh, cr 'T If .o 8 
fro 3. SB I :S--- J y/&_9L ;.s~v I{_ IL 

tfr 31'[ 0 /S,7B ,/_.;u;~,,_ r-//./0 
4-2. :J.s-g r /5~/zo.rL /I. 0 c3 (';,. -.JL. 

CfJ 3r-Go /S,Jd l-;<o.YG I(_ ru 

Cftf 0·0b !(S"--7d /"'~~'10 I!.Z..o 

<f("' I ..3;~2 I cj."3L-- ').,~~ 2t).S I f. )o --
Yb I J, >?::. /S:3L l·%r/) ~-1>- I (.ot) 

t.f7 3,bD /:?: 32- I;~5'U?J.l/t //-/ () 
<f-8 I 3, t;:,o /~:>"b. ),5?:£:~,.~ _/!- () 0 

<.f7 13. _s--y J :;-, 3 7-t_. ,,. ~~,3tl ((_ 0 ( 

57) '13·&-o ;.5. 36 _k~b.t/P ((()8 

S"i 
: /~%v~l f(_2.7._ 3-bL? /5'": 3b 

SL_ .),:;,.b /~>L- /--/~~0 /(_ 2-b 

5"0 3,~ f~,.JY !~ ~.vG ((. ~ il_ 
S"Cf J<6o !>.)o (.S~ 

.<o.Cf~ I j_. 0_6_ 
ss- 3·~~ ;s,:s0 ~~HG ll-t/6 
.)"b 3,5(9 /7--36 r.~-y;;cry 11-~G 
s7 J,t£) Is--: 7_ B-. 1--%~ . :20 2_ ( /.()fJ_ 
5"8 . 3,6:z /_<":.33 / J'l;1.o;~ //. )eJ 

.. Sf' 
-- J'.>ff' /.>:.32..... .. ·. ,~ j, P, f( /( -lc? 
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_-_ G I 3.5Y - /.):..:J'D ,,5%,?~ I f.o co : 

-- -

! !3/_ 
y -

TCE Total Gross 
(lbs) Wt. ( lbs) 

~-G<t 3/.38 

5.5"7 37./f 

5·56 3/,f b 
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,_ 5"8 ~- )G. ~'8 

>-7U '3b.80 
S:SD )~.7D 

s-. s-0 )~.8L...:_ 

S.SY 3 (p . ..so 
,.. ro s.. ~0 )(,, b8 
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s.67j :5 ~ < b 1..._____ 

5'.58 JG. 7f>-' 

5-SZ- 3 b~~ z.-~:-.,-~-c:::_ 
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RCRA TRIAL BURN SOLID FEED Oj f'('y:; 

. }f}/Jt/8(; I . . 
Box+Jug+Cap Pel-e-Cel Water cc1 4 TCE Total Gross 

(lbs) (lbs) (lbs) (lbs) (lbs) Wt ( 1 bs) 
8 )~~;u 

I Bov No -· - . I 

/' 13. ~z. ~~5'-Jo /J~~~ II .!Lf r .r y. 3 7.1 b b (__ 
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73 I 3( ~---e 1 5" __ '3 cJ 1 .w £c., erG /1-IL ~.5(0 3L7o 

7'f I 3r 60 ;s:ro lf-%fb 1!.'2f) --~.~ l6 -8"2..___ 

I 
---'-• 

7S: J~~i 
: IS--~~ 1-7;; I I~ I 0 ~ :srr -· 3L7£ (.o.51. 

76 I 3r -s-1 (!). t(O 1-)~ 
2°·'if ll --10 ~.Sb sb.~'b 

i ..... 

77 ~sf f), "Z/ 
{!'fy; 

20 .)'1 (/,(0{) ~~T - 3~-b'fj 
2(5r8 

....... 

1-t~Sb { (. ~ . 5.~-y 3~·82-78 /~)6 

77 d~s-o It?. ~f f·)Yz lo -~{_ I I. 3o ~(;;,oy 37~d.(; 

Sa ), _{}7__ ;s.J.c_ /.j/'~0)1 1/.0h s. ·ry , 3Co. ~ 

6 81 3.,2._ /(Jy 1-~l) t r ;' o8 s.~Y -)fo.7D 

8"L 3--6 (_ ~~-,vy (~ ..z..o.rr. (/. Ob 5~2- -~ :"3 G, . &, "2-- ·-

·. 8.3 - 3.b G . ('>-.-3d ··.:. :· . ..:~ .. : '~ /.~·- /(. i () ---:~ S. sy_· 1 . 8 -·-. ·; 
~-~7J 

-~- (, • 1.__--'" .'--

-~-8'f 3,6 2._ ~- j),]'( «" :. '\ 1-5~sb /(~o'G_·-: ~,~-y -"~ 6. 7&···.:::·· 
... -- "J,r6-z_· .. I -)8 ;.~r ·. ·f (.. ( 8 s:s-rs·--- ~f3 t; . 7 if .;~:n:. .::--a~ ,.'._---; (' 7' ::- ... 
.t ~_:. . : 0 . : .·-;. -~ ~ . . ·'::-'"" 

. ~-t· 
~. .... . .. 

. ~;'::~i~~:4;,..;~.~~:"' . --- :. - . --->·· . 
' ~. #"·~--· .. ··;;- .. • - •. · 

- ·...::, . r :·~·" --· -.-: __ •:-



~. 

RCRA TRIAL BURN SOLID FEED 

Box+Jug+Cap Pel-e-Cel Hater CCl.1. TCE Total Gross 
Bcx ~To. (lbs) J lbs) flbs) {lbs) { lbs) ~It. {lbs 1 

BG '3 .(;:, ?___ I _/5, 2-S 1.~~ 20. 'I !I~ D8 I S)--c3 I 3G .8 "L_ 

87 3.::-EJ I~- 5cJ 1-~ t(.3.2- I ~~0Y 3(, .9 8 
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APPENDIX D. STACK GAS SAMPLING DATA 

1) EPA METHOD-S & VOST SAMPLE PERIOD CHART 



METHOD 5 RUNS 

LA-1-M5-1-IMP 
9/4 1310-1445 

LA-1-M5-2-IMP 
9/4 1852-2015 

LA-1-M5-3-IMP 
9/4 2125-2245 

LA-2-M5-1-IMP 
9/5 0950-1120 

LA-2-M5-2-IMP 
9/5 1220-1340 

LA-2-M5-3-IMP 
9/5 1440-1600 

LA-3-M5-1-IMP 
9/6 1035-1155 

LA-3-M5-2-IMP 
9/6 1707-1832 

LA-3-M5-3-IMP 
9/6 1927-2050 

LA-4-M5-1-IMP 
9/7 1350-1512 

LA-4-M5-2-IMP 
9/7 1557-1718 

LA-4-M5-3-IMP 
9/7 1910-2030 

M5 & VOST SAMPLE PERIODS 

VOST RUNS 

LA-1-V-1-T,TC 
9/4 1315-1335 

LA-1-V-2-T,TC 
9/4 1401-1421 

LA-1-V-5-T,TC 
9/4 1824-1844 

LA-2-V-1-T,TC 
9/5 0958-1018 

LA-2-V-3-T,TC 
9/5 1216-1236 

LA-2-V-5-T,TC 
9/5 1448-1508 

LA-3-V-1-T,TC 
9/6 1036-1056 

LA-3-V-3-T,TC 
9/6 1709-1729 

LA-3-V-5-T,TC 
9/6 1924-1944 

LA-4-V-1-T,TC 
9/7 1349-1409 

LA-4-V-3-T,TC 
9/7 1558-1618 

LA-4-V-5-T,TC 
9/7 1809-1829 

LA-1-V-3-T,TC 
9/4 1443-1503 

LA-1-V-4-T,TC 
9/4 1525-1545 

LA-1-V-6-T,TC 
9/4 1938-1958 

LA-2-V-2-T,TC 
9/5 1044-1104 

LA-2-V-4-T,TC 
9/5 1302-1322 

LA-2-V-6-T,TC 
9/5 1527-1547 

LA-3-V-2-T,TC 
9/6 1117-1137 

LA-3-V-4-T,TC 
9/6 1756-1816 

LA-3-V-6-T,TC 
9/6 1957-2017 

LA-4-V-2-T,TC 
9/7 1430-1450 

LA-4-V-4-T,TC 
9/7 1638-1658 

LA-4-V-6-T,TC 
9/7 1846-1906 



APPENDIX D. STACK GAS SAMPLING DA~A 

2) EPA METHOD-S & VOST DATA SUMMARY 



DATA FOR HC1 REMOVAL, POHC DRE, & ASSOCIATED CALCULATIONS 

NOTE #1: FOR ALL SAMPLING PERIODS AND CALCULATIONS, THE 
FOLLOWING PARAMETERS ARE CONSTANTS: 

1) 
2) 
3) 
4) 
5) 

EPA METHOD-5 METER CORRECTION FACTOR (Yd)= 0.9999 
PITOT TUBE COEFFICIENT (Cp)= 0.84 
EXHAUST STACK CROSS-SECTIONAL AREA (As)= 0.7773 ~t 2 

CROSS-SECTIONAL AREA OF NOZZLE (An)= 0.000534 ft 
VOST METER CORRECTION FACTOR (Ydv)= 1.0032 

NOTE #2: WASTE FEED RATE & FEED MIXTURE % DATA ARE BASED ON 
CORRECTED FEED RATES & WEIGHT % OF COMPONENTS AS 
PREPARED (97% TCE FEEDSTOCK ASSUMED). 

LA-1-M5-1-IMP 
9/4 1310-1445 

IMP M5 
GEL samp. 

Ave. 
Gas 

LA-1-V-1-T,TC 
1315-1335 

Baro. Ori. 
Press. delP ~fo. Vo~. Temp. COi/02 

ft-_ _2r._ in Hg in Hg 
308.6 35.50 84 23.19 0.74 8.6j9.2 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm ID9:Ll _m.L lbLm % -ill2ID 
.0161 <1 542 2.45 44.84/19.39 5 

LA-1-M5-1-IMP LA-1-V-2-T,TC 
9/4 1310-1445 1401-1421 

IMP M5 Ave. 
GEL Samp. Gas Baro. Ori. 

~fo. Vo~. Temp. Press. delP C0~/02 
ft-_ _2r._ in Hg in Hg "!; 

308.6 35.50 84 23.19 0.74 8.6/9.2 

M5 IMP waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm ID9:Ll _m.L lbLm % -ill2ID 
.0161 <1 542 2.78 44.84/19.39 5 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _Q.L_ min. 
.415~ 209 64 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _2Q_ ng 
20.91 32 >188/* 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _Q.L_ min. 
.415~ 209 64 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _2Q_ ng 
21.71 31 6780/161 



LA-1-M5-1-IMP 
9/4 1310-1445 

IMP M5 
GEL Samp. 

Ave. 
Gas 

LA-1-V-3-T,TC 
1443-1503 

Baro. Ori. 
Press. delP ~fo. vo1. Temp. C0~/02 

ft-_ _Q.E_ in Hg in Hg 
308.6 35.50 84 23.19 0.74 8.6/9.2 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm m9Ll _mL lbLm % __mm1 
.0161 <1 542 2.78 44.84/19.39 5 

LA-1-M5-1-IMP LA-1-V-4-T,TC 
9/4 1310-1445 1525-1545 

IMP M5 Ave. 
GEL Samp. Gas Baro. Ori. 

~fo. vo1. Temp. Press. delP C0~/02 
ft-_ _Q.E_ in Hg in Hg "6 

308.6 35.50 84 23.19 0.74 8.6/9.2 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
9111 m9Ll _mL lbLm % __mm1 
.0161 <1 542 2.84 44.84/19.39 5 

LA-1-M5-2-IMP LA-1-V-5-T,TC 
9/4 1852-2015 1824-1844 

IMP M5 Ave. 
GEL Samp. Gas Baro. Ori. 

~fo. vo1. Temp. Press. delP C0~/02 
ft-_ _Q.E_ in Hg in Hg "6 

409 44.23 79 23.08 0.74 8.6/9.2 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm m9Ll _mL lbLm % __mm1 
.0121 <1 684 2.86 44.84/19.39 6 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q - _QL_ min. 
.415~ 209 64 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _Q.Q_ ng 
18.91 30 5110/<10 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _QL_ min. 
.415~ 209 64 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _Q.Q_ ng 
20.82 39 >5760/* 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _Q.L_ min. 
.4247 213 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _Q.Q_ ng 
21.48 30 >5410/* 



LA-1~M5-2-IMP 

9/4 1852-2015 

IMP M5 Ave. 
GEL Samp. Gas 

~fo. Vo1. Temp. 
ft-_ _Qr._ 

409 44.23 79 

LA-1-V-6-T,TC 
1938-1958 

Baro. Ori. 
Press. delP 
in Hg in Hg 
23.08 0.74 

C0~/02 
~ 

8.6/9.2 

M5 IMP Waste Feed 
Parti- IMP So1n Feed Mixture 
culate C1- Vol. Rate CC1 4/TCE co 
gm mgfl __mL lbLm % ---I?.2.ID 
• 0121 <1 684 2.86 44.84/19.39 6 

LA-1-M5-3-IMP 
9/4 2125-2245 

IMP M5 Ave. 
GEL Samp. Gas Baro. Ori. 

~fo. vo1. Temp. Press. delP C0~/02 
ft-_ _Qr._ in Hg in Hg ~ 

399 41.97 66 23.08 0.68 8.6f9.2 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm mgfl __mL lbLm % ---I?.2.ID 
.0184 <1 648 2.86 44.84/19.39 12 

LA-2-M5-1-IMP LA-2-V-1-T,TC 
9/5 0950-1120 0958-1018 

IMP M5 Ave. 
GEL Samp. Gas Baro. Ori. 

~fo. vo1. Temp. Press. delP C0~/02 
ft-_ _Qr._ in Hg in Hg 

303.8 38.84 71 23.05 0.57 8.0/10.4 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm mgfl __mL lbLm % ---I?.2.ID 
.0200 <1 557 2.89 45.35/19.12 5 

Ave. Ave. M5 
Ve1P Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _Qr._ min. 
.4247 213 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _Q~ ng 
21.36 27.5 5410/140 

Ave. Ave. M5 
VelP stack Samp. 
SQRTS Temp. Time 
in H2Q _ _Qr._ min. 
.4098" 212 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _Q~ ng 
o.o 0 0/0 

Ave. Ave. M5 
VelP stack Samp. 
SQRTS Temp. Time 
in H2Q _ _Qr._ min. 
.379T 216 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _Q~ ng 
20.62 21 63/<10 



LA-2-M5-1-IMP 
9/5 0950-1120 

IMP M5 
GEL Samp. 

Ave. 
Gas 

LA-2-V-2-T,TC 
1044-1104 

Baro. Ori. 
Press. delP ~fo. vo1. Temp. COt/02 

ft-_ _2.E_ in Hg in Hg 
303.8 38.84 71 23.05 0.57 8.0/10.4 

M5 IMP Waste Feed 
Parti- IMP So1n Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm mgfl _!!!l__ lb[m % -1lilffi 
.0200 <1 557 2.89 45.35/19.12 5 

LA-2-M5-2-IMP LA-2-V-3-T,TC 
9/5 1220-1340 1216-1236 

IMP M5 Ave. 
GEL Samp. Gas Baro. Ori. 

~fo. vo1. Temp. Press. de1P COt/02 
ft-_ _2.E_ in Hg in Hg 

307 41.71 92 23.05 0.64 8.0/10.4 

M5 IMP Waste Feed 
Parti- IMP So1n Feed Mixture 
culate C1- Vol. Rate CC1 4/TCE co 
gm mgfl _!!!l__ 1b[m % -1lilffi 
• 0172 48 540 2.86 45.35/19.12 6 

LA-2-M5-2-IMP LA-2-V-4-IMP 
9/5 1220-1340 1302-1322 

IMP M5 Ave. 
GEL Samp. Gas Baro. Ori. 

~fo. vo1. Temp. Press. delP COt/02 
ft-_ _2.E_ in Hg in Hg 

307 41.71 92 23.05 0.64 8.0/10.4 

M5 IMP Waste Feed 
Parti- IMP So1n Feed Mixture 
cu1ate Cl- Vol. Rate CC1 4/TCE co 
gm mgfl _!!!l__ 1b[m % --.ill2ID 
.0172 48 540 2.86 45.35/19.12 6 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q - __Q.E_ min. 
.379~ 216 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _QQ__ ng 
21.68 24.5 *./* 

Ave. Ave. M5 
VelP stack Samp. 
SQRTS Temp. Time 
in H2Q - __Q.E_ min. 
.3785 226 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _QQ__ ng 
21.82 38 */<10 

Ave. Ave. M5 
VelP stack Samp. 
SQRTS Temp. Time 
in H2Q _ __Q.E_ min. 
.3785 226 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp Cl4/TCE 

1 _2Q__ ng 
21.17 36 1190/164 



LA-2-M5-3-IMP 
9/5 1.440-1600 

IMP M5 Ave. 
GEL Samp. Gas 

~fo. Vo1. Temp. 
ft-_ _QL._ 

300.6 41.60 103 

LA-2-V-5-T,TC 
1448-1508 

Bare. Ori. 
Press. delP 
in Hg in Hg 
23.05 0.62 

COt/02 

8.0/10.4 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm mgLl _mL lb[m % _m;ml 
.0226 325 533 2.88 45.35/19.12 7 

LA-2-M5-3-IMP LA-2-V-6-T,TC 
9/5 1440-1600 1527-1547 

IMP M5 Ave. 
GEL Samp. Gas Bare. Ori. 

~fo. Vo1. Temp. Press. delP COt/02 
ft-_ _QL._ in Hg in Hg 

300.6 41.60 103 23.05 0.62 8.0/10.4 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm mgLl _mL lb[m % _m;ml 
.0226 325 533 2.88 45.35/19.12 7 

LA-3-M5-1-IMP LA-3-V-1-T,TC 
9/6 1035-1155 1036-1056 

IMP M5 Ave. 
GEL Samp. Gas Bare. ori. 

~fo. Vo1. Temp. Press. delP COt/02 
ft-_ _2L._ in Hg in Hg 

399 45.07 78 23.15 0.78 8.0/10.1 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm Dl9Ll _mL lbLm % _m;ml 
.0266 168 640 2.76 29.85/14.62 * 

Ave. Ave. M5 
VelP stack Samp. 
SQRTS Temp. Time 
in H2Q _ _QL._ min. 
.374"6" 229 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _Q.Q_ ng 
21.98 40 4580/115 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _QL._ min. 
.374"6" 229 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _Q.Q_ ng 
19.92 48 5660/110 

Ave. Ave. M5 
VelP stack Samp. 
SQRTS Temp. Time 
in H2Q _ _QL._ min. 
.4287 225 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _Q.Q_ ng 
20.14 25 2170/231 



LA-3-M5-1-IMP LA-3-V-2-T,TC 
9/6 1035-1155 1117-1137 

IMP M5 Ave. 
GEL Samp. Gas Baro. Ori. 

Press. delP ~fo. Vo~. Temp. COt/02 
ft-_ _2r__ in Hg in Hg 

399 45.07 78 

M5 IMP 
Parti- IMP Soln 
culate Cl- Vol. 
9ID m9L.l ...J1lL 
.0266 168 640 

LA-3-M5-2-IMP 
9/6 1707-1832 

IMP M5 Ave. 
GEL Samp. Gas 

23.15 0.78 8.0/10.1 

Waste Feed 
Feed Mixture 
Rate CC1 4/TCE 
lbLm % 
2.76 29.85/14.62 

LA-3-V-3-T,TC 
1709-1729 

Baro. ori. 
Press. delP 

co 
.....Imm 

* 

~fo. Vo~. Temp. COt/02 
ft-_ _Qr__ in Hg in Hg 

485.4 47.21 89 23.05 0.84 7.6/10.0 

M5 IMP waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
9ID m9L.l ...J1lL lbLm % .....Imm 
.0374 72 680 3.11 29.91/14.56 5 

LA-3-M5-2-IMP LA-3-V-4-T,TC 
9/6 1707-1832 1756-1816 

IMP M5 Ave. 
GEL Samp. Gas Baro. Ori. 

~fo. Vo~. Temp. Press. delP COt/02 
ft-_ _Qr__ in Hg in Hg 

485.4 47.21 89 23.05 0.84 7.6/10.0 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
9ID ID.9Ll ...J1lL lbLm % .....Imm 
.0374 72 680 3.11 29.91/14.56 5 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _Qr__ min. 
.4287 225 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _Q.Q_ ng 
20.87 33 2230/235 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _Q.f__ min. 
.456"9" 216 80 

VOST VOST 
Samp Gas Off gas 
Vol. Temp CC1 4/TCE 

1 _Q.Q_ ng 
20.71 33 5660/1240 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _Qr__ min. 
.456"9" 216 80 

VOST VOST 
Samp Gas Off gas 
Vol. Temp CC1 4/TCE 

1 _2.Q_ ng 
20.37 33 4440/543 



LA-3-M5-3-IMP 
9/6 1927-2050 

IMP M5 
GEL Samp. 

Ave. 
Gas 

LA-3-V-5-T,TC 
1924-1944 

Baro. Ori. 
Press. delP ~fo. Vo~. Temp. C0~/02 

ft-_ _Qr__ in Hg in Hg 
297.9 48.60 72 23.05 0.92 7.6/10.2 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm mgLl ..1nL lbLm % --lm!!1 
.0442 148 533 2.96 30.40/14.68 5 

LA-3-M5-3-IMP LA-3-V-6-T,TC 
9/6 1927-2050 1957-2017 

IMP M5 Ave. 
GEL Samp. Gas Baro. Ori. 

~fo. Vo~. Temp. Press. delP C0~/02 
ft-_ _2r_ in Hg in Hg 

297.9 48.60 72 23.05 0.92 7.6/10.2 

M5 IMP Waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm mgLl ..1nL lbLm % --lm!!1 
.0442 148 533 2.96 30.40/14.68 5 

LA-4-M5-1-IMP LA-4-V-1-T,TC 
9/7 1350-1512 1349-1409 

IMP M5 Ave. 
GEL Samp. Gas Baro. Ori. 

~fo. Vo~. Temp. Press. delP C0~/02 
ft-_ _2r_ in Hg in Hg 

254.2 46.68 82 23.13 0.82 5.9/12.3 

M5 IMP waste Feed 
Parti- IMP Soln Feed Mixture 
culate Cl- Vol. Rate CC1 4/TCE co 
gm mgLl _ml_ lbLm % -1ll2ID 
.0126 42 466 3.17 30.14/14.90 5 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _Q.f__ min. 
.446T 210 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _Q.Q_ ng 
21.99 25 258/6.0 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _QL_ min. 
.446T 210 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _2.Q_ ng 
21.04 24 2993/8.0 

Ave. Ave. M5 
VelP Stack Samp. 
SQRTS Temp. Time 
in H2Q _ _QL_ min. 
.419U 213 80 

VOST VOST 
Samp Gas Offgas 
Vol. Temp CC1 4/TCE 

1 _2.Q_ ng 
20.96 25 5600/52 



LA-4-M5-1-IMP LA-4-V-2-T,TC 
9/7 1350-1512 1430-1450 

IMP M5 Ave. Ave. Ave. M5 
GEL samp. Gas Baro. Ori. VelP Stack Samp. 

~fo. Vo~. Temp. Press. delP C0~/02 SQRTS Temp. Time 
ft-_ _QL__ in Hg in Hg in H2Q _ __QL_ min. 

254.2 46.68 82 23.13 0.82 5.9/12.3 .419U 213 80 

M5 IMP Waste Feed VOST VOST 
Parti- IMP Soln Feed Mixture Samp Gas Offgas 
culate Cl- Vol. Rate CC1 4/TCE co Vol. Temp CC1 4/TCE 
gm mgLl __m_L lbLm % --lm.ID 1 _Q.Q_ ng 
.0126 42 466 3.17 30.14/14.90 5 20.76 32 590/<10 

LA-4-M5-2-IMP LA-4-V-3-T,TC 
9/7 1557-1718 1558-1618 

IMP M5 Ave. Ave. Ave. M5 
GEL samp. Gas Baro. Ori. VelP Stack Samp. 

~fo. Vo~. Temp. Press. delP C0~/02 SQRTS Temp. Time 
ft-_ _QL__ in Hg in Hg in H2Q _ __QL__ min. 

284.7 52.01 86 23.13 1.04 7.0/11.0 .4405 211 80 

M5 IMP Waste Feed VOST VOST 
Parti- IMP Soln Feed Mixture Samp Gas Offgas 
culate Cl- Vol. Rate CC1 4/TCE co Vol. Temp CC1 4JTCE 
gm mgLl __m_L lbLm % --lm.ID 1 _Q.Q_ ng 
.0000 220 529 3.23 30.25/14.68 5 20.15 34 2600/36 

LA-4-M5-2-IMP LA-4-V-4-T,TC 
9/7 1557-1718 1638-1658 

IMP M5 Ave. Ave. Ave. M5 
GEL Samp. Gas Baro. Ori. VelP Stack Samp. 

~fo. Vo~. Temp. Press. delP C0~/02 SQRTS Temp. Time 
ft-_ _QL__ in Hg in Hg in H2Q _ __QL_ min. 

284.7 52.01 86 23.13 1.04 7.0/11.0 .4405 211 80 

M5 IMP Waste Feed VOST VOST 
Parti- IMP Soln Feed Mixture Samp Gas Offgas 
culate Cl- Vol. Rate CC1 4/TCE co Vol. Temp CC1 4JTCE 
gm mgLl __m_L lbLm % --lm.ID 1 _Q.Q_ ng 
.0000 220 529 3.23 30.25/14.68 5 17.71 32 5200/210 



LA-4-M5-3-IMP LA-4-V-5-T,TC 
9/7 1910-2030 1809-1829 

IMP MS Ave. Ave. Ave. M5 
GEL samp. Gas Baro. Ori. VelP Stack Samp. 

~fo. Vo~. Temp. Press. delP COt/02 SQRTS Temp. Time 
ft-_ _Q.r_ in Hg in Hg in H2Q _ _Qr_ min. 

297.4 51.31 68 23.10 1.02 8.0/10.2 .4428" 202 80 

M5 IMP waste Feed VOST VOST 
Parti- IMP Soln Feed Mixture Samp Gas Offgas 
culate Cl- Vol. Rate CC1 4/TCE co Vol. Temp CC1 4/TCE 
gm mgfl ___mL lbim % -ImiD 1 _QQ._ ng 
.0485 270 505 3.39 30.25/14.79 7 21.44 24 6200/162 

LA-4-M5-3-IMP LA-4-V-6-T,TC 
9/7 1910-2030 1846-1906 

IMP M5 Ave. Ave. Ave. M5 
GEL samp. Gas Baro. Ori. VelP stack Samp. 

~fo. Vo~. Temp. Press. delP COt/02 SQRTS Temp. Time 
ft-_ _Q.r_ in Hg in Hg in H2Q _ _QL_ min. 

297.4 51.31 68 23.10 1.02 8.0/10.2 .4428" 202 80 

M5 IMP waste Feed VOST VOST 
Parti- IMP Soln Feed Mixture Samp Gas Offgas 
culate Cl- Vol. Rate CC1 4/TCE co Vol. Temp CC1 4/TCE 
gm mgfl ___mL lbim % -ImiD 1 _QQ._ ng 
.0485 270 505 3.39 30.25/14.79 7 20.36 25 4900/116 



APPENDIX D. STACK GAS SAMPLING DATA 

3) EPA METHOD-S FIELD DATA SHEETS 
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OA TE: 7 ' I s:- - ~ 5 

OPER.ATOI\: c I F 0 t<.... 

6H tlP Yds 

I STAHDARD HETEP, GAS 
VOL~~ ' 
(f t )) Vd s 

I 
·~INITIAL fiNAL NCT 

-
'/d. 

;6Hf/! 

.99(}9' 

/, 8'07. 

HETE.R nm: GAS 
VOL tr.-!E 
( f t)) 

":NITIAL FINAL 

liH e r n ~ :< : • Ca G · 

BAROKLTRIC PRESSURE (?b): .;?9, ~If_ 

I STANDARD I MLTC:R . i I 
I l-li:T£R 30X I I 

I Tr:I-\P. 7~tP. "i'US I - I ("F) Tds (
0 n Td (MlN) 

NET · IH our AVe jrH our AV-e o I Yd 
I 

VD (. 

~~ 
.~ ,5 

-;. ';)_. I /,Mt>O o. ocD I s; ooo 5: tu>O 13M· 00 1~17· S7~ I· <5,17 !e l*l_zj 1k L~~ JoJ.sl;oS 1aa0'! /. c:/31 !; 
--;.~\;,(}OoO o.otJo 5~ooo 5,t'~biuS]ki,.J;1~.73'1 s· .. Jio3 7f.o "7(o LtJLJ /tl;?.sl ;o3 l;~·$'91!,6'/..<'ylc_-: 

~ . . .I . . · I ~, . . . . ... I I .. 1 I ! · L 
.~!,. ~ ~~. ~ /, oooo oo; ooo /c:J. 0/3 /o .. O/ 9 \.3.>!~·73'1 333.J :.1 I/o, 39 c::A lf.5\~_5_17~. 5 JotJ.5 /N.s,l /t'3 l;~tf;\ too/~:~ 

. I I . . I I I : ,~/; 
.(/} / . .< 1-.;?.:'J.. /,OOCJO OO.oO() /(J,OC10~/0,ooo 33'3./3_1 .'Jl/3.ij87 La 35l.c2fllL.?_:;J.lQ_76,tO/tJ/,5I!OO /O/ /¢,7/I/.004i/ ·~ 

I ., I . i I \ \ I 

:u.l ~. () 1- .3. 9 I/, 000 0 oo. (")(')(')I /0. ooa. l /0. bOO). 3LJ'i, (/ 5'7 353. CjQ <-, /0 ~,=J'i 7G..S 7(..S, 7lD· ~ JO:;J. i 9 9 i/tJ0,5 I /i-1 ssl ~ ~}6:3'6 : ~~ 
,'1/1 3.. () I -3.8 /. ooo o o6 o ocl /o, coo /o J ooo 353 ,q~:u.,::~t.l/.037 3 /tJ, ~1./7 77 77 7 7 l/o'-! 99.5\ /!13 i/Gl,&,~i ~ 7.!~51 ~~ 

I I . . ~ \ ! I ! i I 

I l ! I . I . - I I I ! I ~ ! ,-
1 i I t I ·1 I · I j i I j 
I I ! I · ~-- . .. I I \_1 I i L 
I 1- I I I - ·. \ j·l_j l I ~ 

-i I I! : I ! . I . I -L ! ! I __ __!_ -· I ! ! 
~ Fl0u Rate (cfm) 

• Orifice Pressure differ~ntial (in. H20) 
• Scan~ard Heter inlet pressure d~ffercntial 

~ ~ Stancard Meter Correct:on Yactor 
~ Heter Sox Correction F~ctor 

(in. H20) 

6ll@ =Orifice prcss~rc di(iere~ti~l tha~ g~ves 
0.75 cfm at 7o•r and 29.92" Hg (in. H,O) 

y d c ( y d 
5

) . V c~ s T c'. + I. 6 0 p b + ,\ 0 1 1 J . r, 
Vd 'fds + t.60 p::, + 0 H/.i.;.6· 

fl Btl.·· .o.?J~7.t..H. ··' \.<·;-cs .. ~ t,6?.). ol' 



-,_ 

(_:;g. j. 

Clieni/Owner LA N L-
Planl C8J 
Unllll lnlel/~11 t 
Operalor ,J!M 1)5 'l(LQ 
Date 2/ ~l::f--1-?--
Run No. i 
Sample Box No. ___.,--------
Meier Box No. _..~;6-~f:s....-=-==-------
Melor DH® I· 1:>'0 7 
K Factor !i::.. /?. 3 
Pilot Cp 'f<64 Pilot Leak Ck \7 
Leak Rale Before i. · C)QS: CFM @ 17 Hg 
Leak Rate After CFM @ Hg 
Sialic Press., ln. H1C{f;J-) -b . 

MIN/PT __ 

T....;-::/lu 
\~ • z.z_0 · PARTICULATt:. • cSTING 

g"'-~c .,_ :S] Jf! RAW DATA SET 

Start Time 1g:10 I . , . ~ · '1T~t5 'il I · 2.... · EN\) 

• ,. M a: 
Finish Time 

__,:_~ 
MelerYd ~ 
o.qyyq 

.. , 

f'LcvJ uvT 
o\- VG-

·Filler ll's · 

Z.!5LO 

Beaker II 

SCHEMATIC OF TESTING LOCATION 

PRESSUHE lnllial 
DIFFEREfHIAL Volume: 

'\1",, • 

. · Ambient Temperature, "F. £() ·, ;-. 
/ Barometric Pressure, ln. Hg Z. 3,./Cf ''·· 
· ~--· Assumed Moislure,% 3S"- 3;l ; ', 
· Healer Oox Selling ~51) 0 

. 
1 

Probe Lenglh, Ft. 3 No. £S(fJ.5S2 
Noule Diameter, ln. , 3 7 3 .......=> . o; I 3 
Probe Healer s elllng _::::01:...5D.Llooi!...6 _____ _ 

%01 
% co,_--~,;£W,_..,...,_ 
H,O,ml 
Silica Gel, gm 

Tolal Vic---"'""==:-:.r>-':----=---.,..
. Slack Area, Ft~-~~~--~"---!.:::;. __ 

Pyromeler No. -..1...::'-Yr---------

TEMP. OF ·> P/ffSL-l r 
GAS LEAVING ~-,. ~ 

-· 

F 
·:<: ': Sl\MP~ 

ACROSS ~.--:-·~ 7(a GAS SAMPLE TEMPERATURE . CotlDENSER :'!; . BOX 
TRAVERSE SAMPLING 

POINT TIME 
tWMBER 8, min. 

1--1 l( 
>? 

z /2 
.......... !Ia ,, 

> Lo 
2lf 

7f z:&" 
I gz 

IOTAL ,c-. 

(IVERAGE .(0-\} 
........... 

N~W IJ~ 
&JQJ"j~ 

->f 

STACK VELOCITY ORIFICE GAS SAMPLE AT DHY GAS ME.U:H 
VACUUM TEMPERATURE : IIEAD METER VOLUME II I LET OUTLET 

ln. fig T,. "F DP, Dlt, ln. 11,0 Vm, Ftl Tmin, °F TmOUI, 0 f • 

I 2_ .. , l20 ./? ~ ( 1. s-x) 14 z 'fg, 5/ ~ 94 Cjj 
6. (('L~ . '2- z.o ±1''7£ to 1-o I 

1 
'10 71 

b lZ2. .70 /0'5-'Zb gcj 70 
I . 

& z_z. 2... ./7 ~ ;oS; 3.'1- I?? 9o 

1 ll4 , [2 1()7,6L/ 1o %1..-~ 
J_ lo~ .. zLJ /it !10 ~ 1/ f? . ?1'7 
c; 117 .. z~ , 1tl l1Z1 t4 <iJt'-:> rg( 

j 

?fL/-a l~L , lO .. r z i.fS_ .0 z. 9Z 

·, 

I ® 
M~- /_- ............ AVG.- If AVG. -9 r-.... 

tc). 09) \3 5' ~ "']_ ~ i (o .\ LD ~J c lO ?3'3 '75 AVG. /c.' - ·-;Z. 

' ./ ' / "- ./ 

______ __.... 

A IO ,..· 3,1?> ~~®tilluu-~ulr Engineering, Inc. 
. 314 513 . ; :' 

Nurt.t.r_·: ....... :... .. ill · grz .~~~·.::: ... :\-_513 ~ 7 -4~ II 

. . OR LAST !'; ·TEMPERATI 
lt.1PINGER . L 

T,, •f T Of 

SL /LI/.f. zs-~/zA 
5Ll Zs_(:./z~ 
(,/ z~s!z~ 

r:b --!L,r 
6.5 2~6/Lt(.J'I 

r-. . 
LV/ 

60 l2 s-s;/i/17 ·(2.!/.:' 
.£~ 1Ls-s-4so 
58' ~ts6a~~~ 

Z<)r/zso1 57 
I 

.. 
I' . ' 

.. 
'. i •. 

.... 
' 

-· I 

.-. 

' . : "( ." t. 

·-

Pago I ·' L·~.; __ ol ·,. 
r ' , . , ;~~-.··;! 

.. ·). ~r i .-. · , · .. \.!. l·\·· t 
· ~ · x.·~:; .. ~; · ?.tf/t; 

zst_ 

2 I<' 
- . I 

'?j 



Client/Owner=-=~( i..!.A..l..L:NIW::L:..__ _____ _ 
Plant CAJ· · 

' Unlt# ___ -.-

Operator , j · D4,-I...JI':t v-' '-'-"' 
Date 27 Jf /Vl 
Run No. __ -LJ _____ : _______________ _ 

Sample Box No. ---:-.-------
Meter Box No. -~6-~&-=-==--------------
MeterDH@ f. '607 
K Factor ___ ~.....------------,-
Pitot Cp ' ~ 4 Pilot Leak Ck 1/? 
Leak Rate Before CFM@ Hg 

Start Time 
AM 

_ __,:'---@ 
Finl~h Time 

AM 
_......_:_@ 
Meter Yct 

~ ·. 

o.c1Y99 ... 
' 'I 

PARTICULATE 1. .lNG 
RAW DATA SET , 

, . . Filter ll's · · 

·c_1uv 

',(:}i_ 
f"L-ow ov1 
Op _?ke>F 

Thimble II 

Beaker# 

1:1· "· . i • t , .' 

Ambient Temperature, •F. d(~i · 
.. , . Barometric P~ossure,ln. Hg · :iP,,:~·,.·,' 

Assumed Mo1sture,% ht~; 
Heater Box Setting (;29) 0 ~~Y(/1 
Probe Length, Ft. .3r No.· &fU.;><Q if&r. · 
Noule Diameter In .3 ~ ·~>(.·' · ' . ·- 6 -, .. A 
Probe Heater Selling C) S() ·.! t•:;. 1 

• ! 
%OJ /;1~~.1 

• ., .• , I 

% COJ---::-~------------t{~'·" f. · 
H 0 ml 2..'76 '''L'. I 
s;lidaGel,gm tt..Pz. .'.;::,:· ~ 
Total Vic ~OS' '17.. '}:,~i; ". } 

Leak Rato Alter CFM@ Hg 
Static Press., ln. H

2
0 ( + 1- ) ______ _ SCHEMATIC OF TESTING LOCATION 

Stack Area, Ft~ 
Pyrometer No. 

Tr!:t f)-:. 1;2 11 ·::~~ .• '; 
N[\. ... ,. 

MIN/PT_ PRESSUHE lnlllal 
DIFFERENTIAL Volume: 

/~CROSS GAS SAMPLE TEMPERATURE 
RAVERSE SAMPLING STACK VELOCITY ORIFICE GAS SAt.-IPLE AT DHY G&tLETEfl 

POl tiT TIME VACUUM TEMPERATURE 1 HEAD METER VOLUME INLET OUTLET 
tiUMEJER e, min. ln. Hg T,, °F DP1 Dll, ln. 1!,0 Vm, Fl' Tmln, °F TmOUI, °F • 

,. 7 -( !/ ) s,G b z._ 1(/) ~ IL L,& I tz 10 ~I 8/ / ~ ,__.. 
' 

( ;? )40 7 V1 ' t./9 .. 20 ,·FL I t7, 4 3 Po gj 

z (12)!/4 7 2/lf .. 17. .. 70 12t.G4 80 <?/ 
' '· 7;L )4t c_ 22-0 .. / c;- ~ {, 2_ ll3:7L go ~6 

1'~· ( Lo )sz g Zttt. J l7 ,.70 /l$,/&3 fro 7? 
7Zif J5G ll7~ 74 s- ZoO ,., z .:;~ 8'0 79 -21 ( ~£5 )G,o 4. 1/z_ t1t - I l o;L/,} IZ 't, 5 I 7( 78' 

( _s z)~Lf s- tal .)3 .53 I~~· 68 77 ?g 
.-

!OIAL AVG.-1 AVG. -3 
AVERAGE i AVG. 80 - 17:· . 71 ?j-

~ 

' 
.t4Cf/tt, . ~~©~nru ~UIT' Engineering, Inc. 

...... " " . . . .. .. . .... __ l~~~e---
... 

~·· 

TEMP. OF ~' ·I 

GAS LEAVING i" 
,)!. 

CONDENSER!,~:· 
. OR LAST ,i·ff ... 

IMPINGER '(: 
Tc, •f 

64 ···. 
Sf? 
c:i-"6 : .· .. 

·.56 i.·. 

.s7 
57 
S/5 
5~. 

,f 

•. r J 

·l:1}'•" ' ' ?.li';' •. 
: ,~·, .1; SAMPLE .: .. 
~··· .. BOX ·. '·! ' 
:~ TEMPERATUilE .. : 

: :: ~: ·:\ - ., j 

Tb Of 

i~r/is-37? zy 
Zsr a·~·r-/;. so 
26o/zy;t 
ZS7/;_w, 

lur/l;c-i-

t!}j 

')6~ 
I 

2~y 
7-

zco/z"5p 
Z(,o/zd/z. 

16' 
60 
~~IC: U!/ic;-~ , : 

; .. 

:. ~.!, 

,, . 

-· ··' 
: 

7 ° -.,, ~ ii ·,,. 
Pago L- of ·L- tli • . ;: 

;,]m:· ;;r· ~:~nnt 

j 
·I 
·I 



~· 
PARTICULA I~ fESTING 

RAW DATA SET 

':' ·~·! ~.: 
·S 

·~ 
,,~ 

Client/Owner f-A N \-
Plant C81 
Unltlf ~Inlet/ ut t 
Operator It ~c -l:-KA 
Date /( &' 
RunNo. __ _. __________________ ~-

Sample Box No. --------------
Meter Box No. -~{.""~=-=::-----------
Meter DH@ · [. <6'0 J.. 
K Factor .iff -£"At)) ±-I@ 
Pltot Cp ' ~ 4 Pltot Leak Ck \7 
Leak Rate Belore L -()Q ~ CFM @ 17 Hg 
Leak Rate After CFM @ Hg 
Static Press., ln. ~ 10@) ~b 

MIN/PT_ ... 

Start Time 
AM 

If( :5ZPM 

Finish Time 

Meter Yd 

o.jqyq 
. ·~ ' 

AM 
PM 

1 T~-j•J 

0 
E:;T) 

·:L 
: 

2._ 

'fL-ovJ ovT 
oF- VG--

SCHEMATIC OF TESTING LOCATION 

PRESSUHE In lila I 
DIFFERENTIAL Volume: 

Filler l#'s 

d { s t \ 
Thimble II 

Beaker II 

:, 

: Ambient Temperature, •F _ ·. , 
· Barometric Pressure, ln. Hg ~~. 0~ ';': .. 

Assumed Moisture,% '{\'' 
Heater Box Selling f!56 ° ·,I ·• 

Probe Length, Ft. .:3 No. &lU.5? ·. 
Noule Diameler, ln. • 3l~ ~ · ! 
Probe Heater Setting -=OJ;...S1)......,....__ ____ _ 
% ol g,-::2.. , 
% col g;., k_ · 
H,O, ml V ;:3q S 
Silica Gel, gm r:-'+.----------

. Total Vic 'io~ · 
Stack Area, Fl.1 z~ftj -f2 ~ j;Jll 

Pyrometer No. _..J_~t\.-1-r----------

. TEMP OF ;.• ' . ' ~ 

•, ~. j .. ~· . • ·r 
I:: -~· SAMPLE GAS LEAVING::; ... 

ACflOSS 3/ .. (J__ GAS SAMPLE TEMPERATURE CONDENSER :,'j . . BOX 
TRAVERSE SAMPLING STACK VELOCITY ORIFICE 

POINT TIME VACUUM TEMPERATURE ', tiEAO METER 
NUMBER 9, min. ln. tlg T1, "f DP1 Oil, ln. 1110 

1---7 fls- (.., 'I L 1...lO • ;:_ 2... ~70 

-f?- jO l · .. 2._2._( ,l3 ·?4 
z f-C /) z.z4 , l- f . R6 

--., .f-Lw b Z-1-S" ,.2-1 ,gr_ '"'-.._ 

-~ LD t . .r) to 2.(6 ~ fj ... 7)5 

z4 30 s-i(z_ Z_/4 {) 18 .. 74 \ 
7f ~ _g_\ ;) LD~ ~16 ybG 

( 
_s_z JtD ,:1 lt7 .. /{. I ,u_, 

I 
. - [ - ' 

·Jii#) I r~ 
~ \t),l~) IOIAL ,..--:.,_ ,---..,. 

AVERAGE . ~'60) ( Z-13)~ IC 4Ll~tt!) y - -- ' ./ 

GAS SAMPLE AT OJl.Y...GAS ~·tU~R 
VOLUME INLET OUTLET 

Vm. Fl' lm In, °F Tm oul, 0f 

34,77 &'s~ ~8" 
57 -~l 82._ g~ 

/Jo,g 7 8! ~-
Zl3~[ (.. go x4 
/IG ~ 7/ ~/ 8.5 
4-(.t./ 7 '80 ~L 

SZ,cf7 so g; 
L5.'/. -j; -fiO 19 

I 

8(.) 

tt 2-7 

,.---.... AVG. AV...4--.._ 

\1-\L\·,:r~ \ AVG. <g__yS (7L1) 
....... -..___..... 

'• ..... ·. 
I ." ~ • o 

•I' 

' ORLAST '·· ;.. .·TEMPE.MTUIIE 
IMPINGER · '·· 

T •• Of TD °F 

S/ 2 7o(zS71 
Go l7o/c571 

50 
,· ~ >JI/Ls-¥' /· • 

·. Sl ~s1/~ 2 

.s-o k.s<tl£~:1 i' 
50 Z~Zb/ -. 

5/ ~J~ II-
~(.,() -

sz. ~c!zsy(~ 

. 
. . \ .. 

... 

' .. 
i 

-.. 
·I I 

I .. -.. 
ol 

z_ 
'/•'.: ~.,:.rj~':;r 

-· ., ... , ~ 'I ~ L· :1' , '. , . I . 't. 
I ,,)-,\_1. • ~ ', " ' ),I ' 

/·~· .Y,/f'(;• 

5L 

'4.) 

~0 

.5( 
~; 

5; 
':> ·: 

s-. 



Client/Owner LA N L 
Plant C. A J · . 
Unltll lnle~ut t 
Operator l,, !4= $ 2 £'- C 
Date 1( fl__j._ 
Run No. L 
Sample Box No. ---,-,--------
Meter Box No. _.l.l6-c_,:~"'=<:"'=-==--------
MeterDH@ [. '607 
K Factor--.,.,....,.---------r--
Pllot Cp ' '6 4 Pilot Leak Ck V 
Leak Rate Before ,(,... ao s- CFM @ I'> Hg 
Leak Rate Alter CFM @ . Hg 
Static Press., ln. H20 ( +/-l-------

MIN/PT_ 

PARTICULATE', _..) TING 
RAW DATA SET ·, 

Start Time : 1· • • ~· lJ':P I 
. ~~ c. l 

Finish .Time.Z.O. ,' ; . J-k_ . . . ·. 
~ '( .. ·-1j_ #&/PM .·.0~ . 

Meter Y d . f'~C!VJ b V J 
o.ctqyq I O\-- ?ttuc 

l • ~. 
SCHEMATIC OF TESTING LOCATION 

\If, t, 
PHESSUilE lnlllal 

DIFFEilEriTIAL Volume: 

Filter #'s 

Zt 5 (1 
Thimble II 

Beaker II 

••• , •• J ,,; 

.. ,;~C: I 
Ambient Temperature, •F _ ~1~-t..• { 

--J c:-6 ') ·>~, I 

: . Barometric Pressure, ln. Hn ~ v · 0 ,ic'~'! · ~ ... .. ~~n I · ·· Assumed Moisture, o/o •!' , 

Heater Box Setting p.SC> 0 
\· ·;J , ~ 

Probe Length, Ft. 3 No. &f0.5'S> h·i?·· 1 

Nozzle Diameter, ln. t~;~l; 6 ' . 
Probe Heater Setting 0> SD ·?.'~~' ' ! 
o/o o, :;,:i~ , 
o;. co, ·t M : I , 

· H,O, ml ,:'f,J;. ( 
Silica Gel nrn ~(g•. t • .. t. f 
TotaiVIc f) 
Stack Area, Ft! IIi: Lj €?-;. 1;1 II ·;'/:i< . ''/( 
Pyrometer No. ". · .· 

TEMP. OF ~) t~··.t;····· , ·~;_.;:,:. 

GAS LEAVING :-; tJ~·· SAMPLE' ',,._ 
ACflOSS GAS SAMPLE TEMPERATURE 

,) 
~( .. BOX . . CONDENSER',.:(· 

vAbuuM 
·;:TEMPERATURE .. TRAVERSE SAMPLING 
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r;i/_ 0777 G4 o5~1 • 0 l.. 

7 
'lc (., 4 _{] 7l? z.. ~L\ I 0~~~ ,. 

t r--- r---

,J L • ~ -!YlS- \ 7 ~ 
I 'SO ~-,z_ 231L lh 7.>o47 

iL 7_ 'g) Til ~ l' '3 OL('j_ ;It r OZ. 
8 

.., 

rJL-1- ~ ':." -1. 

9 
j)- b (, { ·_; 3tfs- i6JY1tS~ 

f + t,/...lzLJIJ ,(1, OC17Cf ;.. . 03 
9 

- --·. 
VL- !)- ~5---~ r 

.. ;... .... I~D b9- Z)5l~ 6g. z. liZ .Otf 
( 3 -+tt /., x-- z ~7(., h r: .. ~}'10 -; ~ '--. 

" ' 10 - . 
"'rB-~~ b &'. z-c::-s-4 . .. . .. - . ~ ............. --·· ------

-~ -A10--} 
no · ~?-cs9C 167, o4'JJ 

{0 ~ I I ' 1 
67_ 05'77 167-04'1 

•• . l~l.C~~ · --- -- - . \ 
....... _ ., ... -. ...._ .... -_,_ 



RUN 

~ 

~-

r 

BALANCE _______ _ 

OPERATOR J '&1(1 AeuS-bCO 

DATf i- 4-? G 
' 
/ 

SI-~-;;Er * I OF 3 --=-----

K WT.M fiLTER M OR 
IOENTl f I CAT lOt-< TFB 

1 Bl.J\NK B 

2.1548' p-
2 

Z.l s ~ '7 

l ~ 

Ll$50 

't /!!. ~ 

LI5S/ 

~ 5 

'i l.15SL 
~ 6 

Z.l s-s-_3 
F 

7 ' : 

Z..l'5"~4 
~ 

8 

Z.l:;5s-
~ 

9 

-
-3-MS'-~ Z..l55b 

~ \. .. : 10 
···-··- - .. 

l.... 3 -l-'s-: I lt5S7 

11 ~ 

ML 

CLIENT LCt;, ALA'VIC:5 /1)_ L ~ 

PLANT WS7r-=- ~4-t<~c-2W 

UN I T INC (J\{_5'?1f7o «: 

RUN ~--
WEIGHT SHEET 

WASH 

CORR. GROSS TARE 

- - - - -

. 

r--

r--" 

-
~ 

1 

..-----~ 

. 

5.1(,/~ --... 

3-'16tf 

" :5 .~915t1 ;t 3. 7tZo ' ~ .D01 

tl , ~ 

:J.7L/4g' J, 144/ -
I ;4 g 9tl-4~ ,3 .. 744/ t\ .oo 

I 
l 



BALANCE ______ _ 

OPERATOR J · ~6u5Zf4·2 

DATE f-d: -fG 

SI~~ET M z_ OF_S~---

RUN N WT. H FILTER H OR 
IDENTlfiCATIOI\ TFB 

1 BLANK B 

l/507 

3 

5 

CL I j:NT ______ _ 

PLANT --------
UNIT _______ _ 

RUN II __ 

WEIGHT SHEET 

WASt! 

ML CORR. GROSS TARE 

- - - - 1---------+--------l 

3~771!? 3-7732.. 

it 5- 77(/f 3- 7 7 3 z • --00 

3-7~6 7 

~~5._:_&_6_f3~ __ 43_~_&_o_o~3 __ ~~ ~DO 
"}( 3.S61) T!5 

5. ~(3~ 
3~f 13 3 

----~-+---r-------4-~---4-----r-----------~--~---z.. ../i ZIS"I/ J.rZ34, l;,~z.'o ; 
.,. j.l:J.z 33 3.fZ& .~r -.oo L.~NL·I- ~-;5'-~-~ f ? I"J- I 

6 ~-

z;~IZ. 3.818-5 

-3-~/·'---'"-z.-r-~-~-5--~--. --+----:-- --..r-J-_-2_L_8_s-_-..+-3-.~-z-~-~ z..---r-----

1~-~~·~q~z=z=o~_w5~-~f~zg~·L-I~*~·oo 
* s-RZ-8'2... 

8 

--
• 21:)14 :3.?5 z 1 -s.r z ?i 

Lt.f'Jl, J ~rts-· z. 9 

11 ---- . -l .. .... -- .. ·---- -· 



t 

BALANCE--.-------

OPERATOR J f3m_tr£US lJ!U 

DATE l- ?/ - 6-(, 

SHEET U ~ OF_,-?:;,__ __ 

RUN H WT.H FILTER N OR 
IDENTlflCATlOt-. TFB 

. 1 BLANK 6 

. / ,\ 2.i)l7 r J-~0~ 2 
""""' 

' ~~ 

~ l-'" "' .. M)-") Ztc;tr y= 
:s 

Zl)/( 
F 4 

:,·#-/ 7 
I 

Z. I) ZD 
!tV\.-(-tl'l5- 1- ~- \--5 

ANL ~~-J.K-}t 6 M 6 

...___ ·-r-· IT 13 

--- -s---- ----It::~- E 

lr .. L{ .. MS:2 ~ l \ 9 

' bl""' lc.. 

CLIENT _____ _ 

r~ANT _______ _ 

~NlT _______ _ 

RUN II __ 

WEIGHT SHEET 

WASt-l 

ML CORR. GROSS TARE 

- - - - -
~ 

_..,. --"112.. 
3.~&'08 3.i'7'tZ... ?_-6 l (. '-

~ j.g771-s~s 5,ff 0? '/' -_oc. 

3~Sgf7 3.'? 714 
5-J's:-17. 3.<8 7/s-

:S,K<333 3 .f[g' 4 z_ 

~ 5-!8 37_ 3.g84B,11 .,:t --_o ,....) 

17s-'- lOG. g<'(;,)q lOb, ~4 r· !J-·. 
--'· 

trx. 54-S 1 !()~ .5,(?7/f 

;oG, 587[{ 
l.711] 

--~ r-·-

2.9/s 7 

/60 Gs-. s ?Is- '>-54Co 
6 <:;). 'S717 ?;~.sf/. 7? 

c b. 3'16~ .. 

100 6 r.St.t;z.. b 7- ~'>G 17 
\ . .. .L1-- ~ .. (ooootl?/,. J * 67~ ~&6 7 t7. SGZG' K .oj .... 10 

' ', st.o z;z * 
~ fttt.\)~,{'ol"~ 2 6 

\00 /o 7 .. 5ZCJ5 !CJ7,6L.CJ I 
I 1 

Ai>( ~ r ) --::7 
I tc 7-5 zos- 1 o 7 s- 2.10 

11 I 



APPENDIX D. STACK GAS SAMPLING DATA 

5) EPA METHOD-S IMPINGER SOLUTION VOLUMES 



., 

-~ 

/ 

I 
/ 

CHAIN-OF-CUSTODY 

CLIENT: L,~ A\ ~ ... cs (f"Jrr:ct·~./l ... )~.·orC~_Ion·E~ LOCATION: Ci?\+dJ,J A:l(" J"'-C\111 f~ttCV' 

DESCRIPTION 
SAMPLE NUMBER OF SAMPLE RECOVERY DATE SAMPLE RECOVERY BY 

l 

*"-I. I 
5·"'""'"' 1 .. 

-. if"'t '"!; 
..l.~""t 1 •1l..'t ( ~<.; ~\..t\.t c ,, L) • '"""'!\.... 

.-( I L,,, 
~ w.: ' "" ~ 

! 7 

J~ ... o .• t.~'r- 5cl·~ttoh f:>\c.,,J LAfJl-1,2,3 Y- r\s-\,1..,)·111P. 3 Cj/~lr<; 543~ JH itt:. 
- r;\J ,tto~C, ~.~.I, 2 . 

*T ·' (I;-- ( I. I~ I , .• ,iJ!I•.t\€ r .;=.~ ic"-1- .c~J,T,oJo 1.!11. LAn-r- n~ 1-r!h P 114 /r( 542 ... !. ./.l OE 
I. s. J C-~.J .t:,:tl t ~,e~.;. 2 L};-tJL.-[ ~t~:-7 -IA1 P. c./i.J/J(" _..(f_l.{ ~L- -- -- ~ -- ---·--,..._. -

I- 5. \I. I 
u ) L rrNl-1-tt-1 S' ~ 3- J.AII P, ~/'1{[6 --' y r_ £4. {. I 

I. S. it L \( I LkvL-?...- M5- 1-D1 P. Cj f >1 'f (;- S~7~/ 

l- ~- .\ 2 ll z_ :_;rJL-l-I-15-Z-"I:-hP· ~ /str{ s~o ~ ... L 
I--s. \l 2- \L ) L. PrNL -7..-t•lS'-~-Il·1P, ~ /~/(( s:r~ ,.,;. 
}.:s lt ~ 

u I UnVL..-3-M~-i-Jfl f. 1 ir:l?~ (,YO~ \ 

1 . .5 \( ?, \I 7 Ut!1/L- ~~f.t ~-2-1lv1P. q/~ff(' b('O~ I 
l .. S. 

("/ 
~ cl 

~ Lk/JL-3- N\5-J-Iri\~. Cj/~'/x(f £33 ,J, I 
r,s. ,, L{ (I I LA.VL-4 -rt1~~ r -J:.llP. C)/7h5 11 ~(, ~,J l 
1S /1 y ,, 

2.. L~~~L-~- ~/C:- 2-- iMP. q ,, 11 t 5"l1 tJ._, I 
1.5. \I "f lf 3 LA,-/JL-4 -~1~-3-JM-?. 1/7 h!~ l.)os-~ 't --

-~ 

N At-'-f SiS ~ lh ~f!_ ']) ; Cl- r.JilTL.' S~Lf.S VJt.U- CALL~'-l> ,,_J O.tt-J rJ~D~ 

~TS-1 \--, '::: "'f\"'~er 'So utl~h CARRIER: -Q ' ~ ~ !&}_[--,-
RELINQUISHED BY I RECEIVED BY TIME DATE !MASON FOR CHANGE 

OF CUSTODY 

---- ------·--
- - ... 

~ 

LABORATORY ANALYSIS BY: l)AT~: 

• 

' 

• 
(.) 
c:: 

-J... 
ClJ 
Ql 
r: ..... 
~ 
c.:· 
w 

-~·- ·:··-~-·-, .. -· _ _.... •. ·- . 



APPENDIX D. STACK GAS SAMPLING DATA 

6) VOST FIELD DATA SHEETS 



METER BOX FULL TEST CALIBRATION 

DATE: 'i ~ 2 - s:-l,o HETER BOX Y d: /, ()0 3 ().. HETER BOX: Y 1.. __ _ 
OPERATOR: (._ ' E~x... HETER BOX L\H@: - "" BAROMETRIC PRESSURE (Ph): c:52 '} '21---

Standard -~eter Gas Heter Box Gas 
Volume (ft 3 ) Volume (ft 3

) 

IJJ!PirP :lA. J~J< r.N LkPII. 

(Vds) 
Q Ml t.P Yds Initial Final Net Initial Final 

~ .s .- I j,()CO;') 0.000 • .rsoo ~ 6' (J(J 

I C35l-. -5 - I J.oa:c o. {')00 /,(!JOO /.CX)O 

,()"¥;<:; J) .... I /,('){yy o, oc:>o ~5110 ,seo 

.. ·· . .... 

-

Q - Flow Rate (cfm) 
t.H - Orifice Pressure Differential (in. ll 0) 
t.P - Inlet Pr2ssure Differential Standard Meter (in. H 0) 
Yds - Standard Meter Correction Factor (Unitless) 
Yd - Heter Box Correcti,on Factor (Unitless) 
t.H@ - Orifice Pressure Differential that gives 0.75 cfm 

of air at 70°F and 29.92" Hg (in. H 0) 

(Vd) 
Net 

.5'o~rY I 

I. 0:211 

:.;;/~'1 

Standard Meter Time 
Meter Box (Min.) 

Temperature Temperature 

In 

7:.:J 

?;].C:,. 

7~ 

1--

Tds Td 
Out Avg In Out Avg e Yd L\H@ 

7..l 22 B_1. ·~ ~.(., ~~0 /3_,~<; 1/,~[JQ -
.. 

7:J.'l 7~.5 &5.7 8'3.3 ~6.c ~1.~7 /. ocil..., ...._ 

7~ 73 Sb~s ?~ Rs-.o /'3."<] /•OOIB -
.. 

-·., 

-· 

-

-· 

... 

(Vd~ ( Td + ll60) (Pb + ll!' 13.6\ 
Yd =. (Yds) Vd) \fds + 460 l Pb + L\li I 13. 6) 

0. 0317 L\H r(Tds + 460) ;) 2 
L\1!@ = Pb (T + 460) L Vds. Yds :J 

Q = 17.64 · Vds · Pb 
(Tds + 460) 9 

-

-.. 



PLANT _1-_f}:Ll~-----------
LOCATIDN ___ C ---------
OPERATOR ~~~~ ra~XJfl __ _ 

DATE ___ ql~~-~~----------RUN # ______ j ____________ _ 

VOST FIELD OATH SHEET 
DATA SET # _ _L __ 

' ' J I~ I ~ 
' . ~- "' ., ' . ' :,.:. ..... ' .- . ., . v'. 

. sTAcK r.o. c.A I . Au41--£i·: Sl1 ·:x.c~J __ ~~1_ 
P~~OBE NO. --OS __ u~L~- --- ---!1 :_f:: __ .l/ ___ a:. __ l ___________ ... 
VDST NO. ,_~ 

FILTER r-:5-:-----JiA----------- _, ,·:. 
PROBE HEATER-SET --'-=sg:::q::::: ri! 

F(ELD BLANK LO.: TENn~; ________ _ 
TENAl</CHARCOf1L 

LEAK CHECK 8EFORE __ ~_QJ-~JI~~_Q11~ 
LEAK CHECK AFTER __ -:S_Q.:.l~~fi~J,ll&Lt. tT 
CARTRIDGE I. 0.: 

(J 1611 
;t7.5" 

t·1ETER BOX HO. _Jlj _______________ JJ:~ 
Yd ____ l~Q~-~.:.-=h---------------- '{_'·, · Sp __ _s?-_;2!..L1. ___________________ . f. ': 

I. 

TENAl< _____________________ _ ·. 
TENAX/CHAR ________________ _ ' .. 

Oiarr3m of s~mple location 

· <' :·.;·~~;;;'tf~~~~:~s 
., 

1 ;~~~----r~~~~:~~~-~~~~---li----------~==---GAS-TERP~RHTORES;-DEG-c-------------------:~::~~-~~;-~~~~~~--~~~~:~;~--minutes 1/min Iss ball 1 2 3 4 5 6 liters ~ · .. 
PROBE TENAl< 1 TH::~X 2 GAS OUT . ~1ETER IN t1ETER OUT INITIRL:_J_1Q~_9(_?_ . . Vc\L. 

a 
~ 

l 15 ~I 15 't3::2 /71. I :2. ~ "3 3::2.. I 3 I tfiS- '3s- f.O J I '1 

~~~~~~- ~~~~~~J~~~J~~~~ ~l~-;_~~- ~~~~~~~~~ ~~~~~~~l~~~~~~ ~~~~~~~~~[~~~~~~~~~ q_~ ~~;~~~J~~~~~~~-~=~ I 7 
1 I 1qo .q t 

~~~~~~~::~~~~~:~~~~~~~~~:~~~~~~~~J[~~~~~~~~~r~~~~~~~~j_~~~~~~~~ ~~~~~~~t-~~~~~~~[~~~~~~~~~r"~~~~]"~~~~~;~~~;~ 
---------------1-----------·-------- ---------- ________ l________ --------- --------- ---------- ------- -------- ----

CONDENSATE SAMPLES: AA ~- v -:-l--
SRt·1PLE I • 0. : ----------------- Cot-1t·1ENTS: 

CL~\-t10~ \ 

ho~.--c\ \)\ ~~ ou\\~t. o{ Tfu~ . 

I ~ 

:,. ·. : 

,, 
I ' . 

"' j'. ' 

:.; ... 
..... ' 

I 

r·· ~ ~ 

. ·. E 

. >' 
' ~ I ( ! 

('. ~.v.:. 

.; ':: ~t ·:' . ' ·:t: 
' "· 
' ' . ( 

,; 



~~~~~~~ri~~~~i== 
DATE ___ ~~-~----------RUN # _____ :t ____________ _ 
FlELD BLANK I. D. : TENR:>«: 

TENA~<ICHARCOAL --------- , ,, 
LEAK CHECK BEFORE_"':,..!~J~~iE1.ci[)\--C" I 7.5 
LEAK CHECt~ AFTER_~_Q.!.l.~~it.l...-1[ 17 

11 
. 

CARTRIDGE I.D.: ' 
TENA~< 

TENAX/CHRR::::::::::::::::: 
\ ' 
•,' \ 

t...10ST FIELD DR·,,, SHEET 
DATA SET # _ _!:!;. __ 

Diagram of sampl& location 

·~ . ~ 

r : ~ •· . :~.~~·.: ·;·. 

. smct~ z. o. cAr · e>v ~ 1e-t- · 
1;,H 

PROBE NO. --0$----------------T;~.i.~· __ .lJ ___ cr:_ __ l ___________ .•. 
VOST NO. ··.:J 
FILTER r-:0.-:-----JJA.----------- ":.:, 
PROBE HEATER-SET __ .:¥;±:s:::::: I :.~ • 

t1ETER BOX NO. lJ l J::.J 
3 - - -------------/I~~ 

Yd l• Cf.J :l... ·~ "· 
8 ---~~ :77--------------------.;.'.' 

p -------------------------- ~ ·; 

. . · . , ~t:iJ:~·;iy,nH~~:~;i 
S~r-t T,V'Ile_ l~o I '-' · · :I'· 

· · --------------------------r----------------GFi5-fERPERi~f0RE5~-5EG_c__________________ -------------1\Z:"-- ---------:--
r---- -------·---- ----- ----- voLUt1E GAS R~rERED coMMENTs: · TH1E I SAt1PLING J;~ATE 

minut&s l/min I ss ball 1 2 3 4 5 6 liters I q ·, .· : · • , ' 
PROBE TENA;< 1 TEt·lAX 2 GAS OUT . !·iETER IN HETER OUT INITIAL: ~ .. 0 I . · 1111 .. ---------- v (.., 11 

------- ------ --------- -~----------------- --------- --------f---------~--------- ----------- ------ -------~----
'"'--\ 75 /'3J.. IY 1\ ~~ 3-:2. ! c)\ ;215. 'J. /.0 5 ------ ------------------- --------- -------- -------- ---------r--------- ----------- ------ -------~----

· .. ··,l~~~~:t=~~~ ~~~~~~~~~ ~~~~~~~~-[~=~~~~ ~~~=~~~ ~==~~~ ~~~=~~~I=~~~~~~-~=~~==~:~=~~=~~~~==~ 
--------r------J-~-------1--------J--------- ________ jl________ ---------t---------[-----------r------1---~:-----~--
-~~~~l______ _ ________ _L______ ---------- _______ _l________ --------- _?_~----- _:~~~~------~~~-----~--------

Cot~DENSATE SA1'1PLES: 

SRHPLE I. D. : Cot1t·1ENTS: 

(uvuA~-h~V\ \ 
I I 

> 
;,,,,,. 

· .. ) . 
. , 

. '• 

I ,. 

, 
> ·~; ~:~! 

•l' .. 

'•,'r· .• ~r; 

I' t f 



PLANT _!:..M':tl~-----------
LOCATION___ ---------
OPERATOR_~~~ DDL~X}fl __ _ 
DATE ____ SJ_~l~ ----------
RUN #-----~------------F[ ELD BLANK I . 0. : TENA>c: 

TENA~<ICHARCOAL --------- . 

LEAK CHECK BEFORE_~_Q.!.l. iiB~n~ill:::e- ( Cj 
11 

\ 

LEAK CHECK AFTER_;S_Q._L~:r&~~.:..$ c;l.l·5 1 

CARTRIDGE I.O.: : 
TENA~< \ ... 

VOST FIELD OATH SHEET 
DATA SET # -~--

. . . : . : :· ... ·~A:·:;. 
STACI~ I. 0. ~~1_ ___ ~1_~±-~--~--ti~ 
PROBE NO. __ lJ __ §>J:. __ l_ _________ / ~. 

VOST tlO. · . 
FILTER r::-o::-:::::]¥J1--:--:::::: ·::: < 

PROBE HEATER SET ---~LE[ ______ '}; . 
t1ETER SOX NO. _ _ll_i ____________ !:J ,. 
Yd 1. DD3::l. 1;,· ~i 
-------~---------------------} Bp ___ i2?u.l.] ___________ ~-------} 'j 

S-tC\;\ i,if\e 1'1 L{3 
;~~~----r~~~~~~~~-~~;;--- ---------~~~~~--GAS-TEMPERAf0RE5~-DEG-c---------~~- ~~::~~-~~~-~~;~~~~ ~~~~~~~~~--
minutes l/min ss ball 1 l 2 3 4 5 l 6 liters · , 

PROBE TENm< 1 TEt·lAX 2 GAS OUT METER IN ~1ETER OUT INITIAL: ;2;;2 3 · 0 I . 
---------- VC\C. 

-----~- ~-~-- ----:~-- --~~-i--- __ l_l____ --~-;---- --;~--- ---~-\--- -~~----- -;;-;~~-~-- ~~-- -~:1--

niagram of s~mple location 
·. ,'. ,.r,:•~;~i·• ;:h~/~ ? 

TENAX/CHAR::::::::::::::::: 

-------- ------ ---~---- --------- --------- --------- -------- ------------------- ----------- ------ ------
/0 .A- I '7 0 I 3 5 I s I :2 ;:2 ( '3 I I ::1 q ;) 3;)' b I' 0 I ~ 

~~~~~~~- ;;~~~~ ~~~~~~~ ~J~~~~~~ ~~l~~~~~r~~~~~~~~- ~~~~~~~ ~~~c~~~~r~~~~~~~~ ~~~1~~~~~~ ~L_~~~ ~~~~~ 
____ 2_9 _:_~-- ---~-~--- -~~--- __ J~---- __ i1 ___ l_c?_~----·+--Al ____ I __ ~_L____ ~~J~.:l~-- _1~~-- __ tt_ 

----~--- ------ ---------·-------- ---------- ________ j_ ________ ---------~--------- ------------ ------------------
CONDENSATE SAMPLES: 

SAMPLE I.D.: ________________ _ Cot-U::::NTS: 

Cc.Mc\~tiG~ I i 

. • f • :. 

~ \ ~"' v (}. (_( .. IJ\l 'N\ 

I , ·!· • , . ; i.·•. 

c\.\1 f\v._J c~DY"'~\ '~~ - One o-\ Alv\-e ~("u~s "f>O.'-'~e~ -t~t~\~: .. \:. .. :";/> 
.. ; '· ;: . : .. ;' ... ~ .. ~.\): . 

V,CA.S co\IJ. \)~~-.::e\ , ex\ ~\r,f'- \"1\0..X.llY\U'N\ VC\U .. A)l!'f<\ ~\\e. ~\J Y'-·\~ COI..l,\ ~,:··.?~ \\: :')',~.' ;. f\no..\ lx.a._¥- c..,\1-e.c,k 
. 11 .' . \'·f 

. \; ', ~ .. ' 



·~:.__ 

~t~~+~b~:~JC========= OPERATOR ,_1: Q....~Tm~Y}.!}_ __ _ 
DATE ___ q[~~~12-----------
RUN # 
F[ELo-sCAR. -y::-o::-:-rENAx--

TENmvcHARcoAL --------- . 
LEAK CHECK 8EFDRE~_9_:l 11}~~]l !Cj tl 
LEAK CHECK AFTER __ ':~.s>llffl~..tL-Jj II .. · 
CARTRIDGE I. D.: 

TENAl< 

TENAX/CHAR================= •. \ 

VOST FIELD DAtM SHE~T 
DATA SET #_.:_Lt._.., 

Diagram of s~mple location 

~ ... ': ~· 

~ .. ,.·; I ;J~: l 
.f 1 ·~ '• • ', ·,' !:}J·;:, 

' '· .... '·jli~ 

STAC~~ I. D. -~--.Q.~*__~--------·:;,J : 
PROBE NO. __ lJ __ ?I--1---------- ));f 
VDST NO. .·. 
FILTER I ::-o::------1¥t!----------- \ : .. 
PROBE HEATER-SET "\T:;-;r------ i'':;_. 

[--~l.-1------ . ' 
11ETER BOX NO. _l/_ -~------------ };'·1:. 
'( d ____ L<£2~:J..------------------ '{ :~· 
Bp _____ ~.:O..!.ll-----------------'; 

. ' :/:<<·~~:·;L~'j \.:i;)Jl: :;~ 
.... , . ·I· ...... -.~~ '" .,, 

• ... I. • .• : ::~~: .• :(,rt-·:Jt ·!/ -~· .. -~~·i,.;.~;·· ~y 
Siv.-A \,w-~ I S;:J.5 . , . 1 .. '· •.• 1' -~ 

----------------~-----------------GAS-TEMPERRTURES~-oE:8-c------------------ ------------------ ---------~-,: 

T£ME 
minutes l/m1n I ss ball I 1 2 3 4 o 6 11 ters . :. ·' · \ -· 

_______________ --~~~~~-- -~~~~~-~- -~~~~~-~- ~~~-~~~- --~~~~~-~~ :~~~~-~~~ ~~~~~~~~~~~err== -~-~-
SAt·1~LING J;~ATE 1----l-----·--------------r.::--t ·· V~LU11E GAS METERED ~OMMENTS: --~ 

-------f~::.~-- ___ ]~--- --~-~~~--- __ d!__?::____ --~-~---- -~-:!____ __}_}_ ___ ._ __ ~-~6____ .?_~·-~--- --~·9___ _1 __ L __ __;_ __ 
ID __.__I 75 131 ..:21 1u ~l ~cl I 3c1 - [!0 ~ 

------- ------ --------- --------- --------- ___ :~---- -------- --------- --------- ---------- ------- -----~------
IS -I /3 .j30 :JO 11, 'J-5 3q L-10 c9b(· 1 f,O g 

----;c; ~}~~~ ~~~~~~~-~~]~~~- ~?~C?~~~~~I~~~~~~~ ~~j~~~~ ~~~i?~~~t~~~~~~~~ ;?~~~~~~~~~I~~~~~:=~~ 
5 

-~1~-
------~---------~--------1---------t ________ J[________ _ ________ t _________ [----------~-------~------~-----
------~---------·1-------- --------- _________ L________ ---------t--~----- :;~~~~---j-~~;;---1~-~---------
------------------------- ---------- ________ j_ ________ --------- --------- __________ j __________________ __ 

CONDENSATE SAI1PLES: 

SRI·1PLE I • 0. : Cm1NENTS: ------------------------

ec,""J.,\ tcv-- I 
. ·t' 

' • 'l 

l i." _,-. 
\ 

,'1' .. , 
··, ~· 

.,., .. '··· 
. ':·~ ;· t ·. 
,,! .I 

., 

•·, t 

. ,:.i· . 
. , ··~ 

~ ·:' , ·'il 
~:-.t'i ',·_-
,'\ /' 

:.i, 

,': ,, ' 
•.!
~-t-' 

j . -~ .. 



~~~~~~~~~~=~~~=== 
DATE _______ ~~sn~~------RUN # ________ SL _________ _ 
F[ELO BLANK I. D.: TENA~: ________ _ 

TENA)\/CHARCOAL 
LEAK CHECK BEFORE .<.0 ·I "~J_f-1"7{it-K 1q 11 

LEAK CHECK AFTER_~a:[~~~~--G"" d-1·5 
11 

CARTRIDGE 1.0.: ' 
TENA)< . :--

' I 

VOST FIELD DArn SHEET 
DATA SET # _ _;r __ 

. . ' 
' ;~.: ._!· 

"::~· . . ::~·~-i~~! 
• ~ . ' I l \~ ~ ,~; 

STACI~ I.O. /1_1 r..Lf-eT .. .. ;~/~ 
~---~~----------[~.;~' PROBE NO. __ .\J __ ?J:. __ l ___________ :~.;,~; 

VOST NO. ,·.~ 
---------~JE-----------FILTER 1.0. ~ ,. 

PROBE HEATER-SET -~t:::::: ,.'., .• 
HETER B

1
ox NO. __ ,kC( _____________ ;:i 

'(d ,603;:2 ',)' ----------------------------- ·~ 
Bp ~·4'1. i; -----~ ------------------ t 

. "3 Ob .•. . \/t~}i ;'::~~};\ ~ 
TENA;</cRAj;C:::::::::::::::: 

Diagram of sample location 
'·'·· ' ' ! !-~' ' ~ •· •. •4 ' SkA 1t~ !5Stt .. :/ . .' .... \ 

-------------------------~-----------------GAS-TEMPERATURES~-DEG-c--------------------------------------------------

T~ME I SAt·1~LING j;!ATE r-----l . t- ---t ·t V~LU11E GAS METE~EO I COMMENTS: . 
mLnutes l/m1n Iss ball I 1 2 3 4 5 6 llters ;;2/Q.S",l · ·~- , .·. 1 

-----5; ==~--- --:;~--- --,;7____ -~~:~~-~- -~;~~-=- ~~~~~~- -~=~~~-~: 
-------- ------ --------- ---------~--------- --------- -------- ------------------- ---------- ------- -----~------

1 () '-"'- l '1 5 I ;;1-~6 I 5 I 7 ~ 0 '3 I I 3 \ ~ 6 I ' 0 IP /. ?- ) 0 , ------- ------ --------- --------- ---------· --------- -------- ---------r--------- ---------- ------- ----- ------
!5 ~ \ 'l. c;- ·, 3 "?- I s ! ~ ;). 0 3D 3D .;; 8 £ . ?- kb' \ I () . ------- ------- ---------- ---:------t--------- ---· .. ---- -------- ---------r--------- ---------- --~h- -----------

', ~b 0---\ 7 D \ 3~ . 1lf 1-:c. ::LO ·6 \ , a.q C)q;)... oo (. 01.?- 1\ ...... ,, 1------- ------ --------- -------- --------- -------- --------- ---------r--------- ----------- ------ ______ ... ___ _ 

______ _, _________ _.________ --------- ----------------- ---------t~~------[-;~~~-i----[-lf--1-:-~:-~:--~---~ 
----------------··-------- ---------- ________ j_ ________ --------- --------- ----------- -------------------

CONDENSATE SRI1PLES: 

SRHPLE 1.0.: ________________ _ C0t-1t·1ENTS: .. 
(_(J,A_c}:,-\ \ ~)\A. 

' b. Sto~ CA.+ -k~. ' ;;. o •I l!\A \\A . 
·,I ·~~·;.:,1'_1 .. , 1 • 

) 
..... 

: r··· .. 
.(,,, t,. 

: 
:•• ~ I 

'.:; '"'' ·i. 
·, t'.t 

•· :r . . ' [ 

;.,~. ~ .. ·: :·.:\~ ' 
·. : ·~yi\; ~\ 

1 !
1 

I ~ . ·, ' 
~ 



PLANT _1-_m_l~-----------
LOCATION___ ---------
OPERATOR_~~~ ra~Y}fl __ _ 
DATE ____ ~f~J2~~----------
RUN #------~------------F£ELD BLANK I. D.: TEt·m;x; ________ _ 

TENA:<ICHARCOAL 
LEAK CHECK BEFORE_~~J ,r~~I~i~ 
LEAK CHECK AFTER_~Q~l2:~~~~ 
CARTRIDGE I. D.: 

TEN A)< 

TENAX/CHAR================= 

(f\q'' 
<9/ Cj.'$ L/ 

. \ ·. 

~10ST FIELD DR 1 rl SHEET 
DATA SET # --~--

Diagram of sample location 

. ' ~. .. \: ·~i!(~~ 
STACI~ I . o. -~~1 ___ _g;i~T-----~ ~il 
PROBE NO. __ l/ __ §>J:. __ l ___________ ~~:~ 
VOST NO. ,,:o~· 

FILTER r-:-o-:-=====1¥11-==-======= \"f: 
PROBE HEATER SET --~:!i------ i)!~., 
1·1ETER BOX NO._.!,~_[ _____________ )/•); . 

~d ___ L_q_Q.~"2--------------------l {~ 
p ---~3. __ 2_ ______ -:7--:-:~7--:~ J i 

. .'. .:.j.:i ;)t~fi·lJ;?~~~\ 
skx\: -nw-e.. /Lf 3 ~ . . . . . "' i 

----------------~-----------------GAS-TEMPERRfDREs;-oEG-c------------------------------------- J 
T£~1E 
minutes 

c: _____ .:.:,_ 

10 

t5 

[

--------- --------~--- VOLUI1E GAS METERED 
1 2 3 4 5 6 1 i ten: . 

PROBE -~~~:~-~- -~~~~:-~- ~~~-~~~- -~~~~~-~~ :~~~~-~~~ ~~~~~~~~~~~= 
I "3 :3 I S' 13 I ci d.(~ ;;.n ~gq . ~ I I -:2. 

Sflt·1PLI NG J;~ATE 
ss ball 1/min 

15' '\...l 

-~~-- ---~-;;;-- -,-4~----- ---,~---- --~-=3---- -~~---- --~~----r--;-_,---- ;;-;.-~~~~5- -,~;--

------ ------------------- --------- --------- --------· ---------~--------- ---------- -------

COMMENTS: ·• r ,i 
·, ; '· . 
•.' ';t•. -~ 

~------:---- ' 
~--t--------

__ 3_ __ 

·~·'::::.·. . ·-------

'-"'--'t 75 ll.J.D lD 13 lei d.c:l t ;;2l - /,-:A 
-:=\-- ---7-~--- --L~~~-- --~-~---- ---~3--- -~~,---- --;-~---- -~=]---- ~~;;~-~- --~:~-
------ --------- -- ----- --------- -------- --------· ---------r--------- -----------

__ g __ _ 
-,~:.~ 

------------------------- --------- ________ j_ ________ ---------~---------
------~----------1-------- --------- _______ _l________ _ _______ _l::?.:2 __ j __ ~~~~~---~ I'-:>-

CONDENSATE SAMPLES: 

SAI-1PLE I. D. : C0Nt·1ENTS: -----------------
~-tw.,, \ '•,'. 

. _·. ' . ·~ . 

,, 
• ' f ~·::-'\! 

' .', .. 

O"j' 

\ j~ , . 
~· f 

:: .... ~;:,(\ .:i 
i"· .· / -~ 

:· .. ~. ~ 
~. 1· 

{ r ' 

;. ,' ·,.Jt': .. 

,· 



r~~~i~&~~========= 
OPERATOR_~~~~P.Q~Y}fl __ _ 
DATE ______ gf~~~D~-------
RUi~ # _______ .J_ __________ _ 
F£ELD BLANK I. D.: TENAX ________ _ 

TENAX/CHARCOAL , 
LEAK CHECK BEFORE_~0..:.1~Jf__J""~~tL=~,;; 1' 
LEAK CHECK AFTER_~.c ... .L~~Ji:'*"~-.i[ ;11 I I 

CARTRIDGE 1.0.: · 
TENA~< 

TENAX/CHAR================= '• 

VOST FIELD OAiA SHEET 
DATA SET #_..J. __ 

Diagram of sample location 

STACI~ I.D. cAl Ou+let __ () ________________ _ 
PROBE NO. __ l/ __ ?J:. __ l_ _________ _ 
VOST NO. 
FI~TER 1~0~------Q[~-----------

PROBE HEATER-SET ___ ~=3:~==== 
t·1ETER BOX NO. j/_l _____________ _ 
Yd ______ L!_Q0_3_~--------------
Bp ____ ~3..:.~-~---------~--------

c..o ncL tt OY) :;;;2.. ----
sio.A lt~e. oq 58 

;~~~-----1 ~~~;~;~~~~~~---1~----------------GAS-TERPERATURES;-DEG-c-------------------~~::~~-~~~-~~~~~~~~~~~~~~~~~--
PROBE TENm< 1 TEt·lAX 2 GAS OUT ~1ETER IN ~1ETER OUT INITIRL:_~..:_Q•q_Q VtJ.C. 

•llinutes 1/min Iss ball 1 l 2 3 4 5 t 6 liters 

-------- ------ --------- --------- --------~ --------- -------- --------- --------- ---------- -~~-- -----·------
6 -"-l lS t;;:zq I I /Ll It luL· .:21 s.L\l 1.~3 10 

--------------- --------- --------- --------- --------- -------- ---- ----·--------- ---------- ------- -----+------
1 0 \A. \ l s I 3 3 g II ll d.() I ~I I 0 . E:,t:> I . 0 3 l 0 ------- ------ --------- --------- --------- --------- -------- ---------~--------- ----------- ------ -----·------
15 v--\ ]'6 .it.\1 C{ II l~ . ;:Lt L :2-::L 1S'.E:.D 1.03 tO 

-------- ------ --- ----- -~------- ---------r-------- --------r--------- --------- ----------- ------ -----·------
;;D ""'I 10 1'6(:, \0 I\ 1'6 .J.l I d..~ c;lQ,(:,-:2.. 1·03 /0 

-------- ------ --------- -------- --------- -------- --------~ ------------------- ----------- ------ -----·------

-------1------J~--------~--------~--------- ________ j_________ ---------t---------[-----------1------·------------
~~~t~~ ------ _________ j ________ j_ _________ l ________ _l ________ --------- ~~------ -~~~-~-~---~~~-~j ___________ _ 

CONDENSATE SAMPLES: 

SAMPLE I. 0. : 

U\~L-:2.-\}-\ 

COt-1t·1ENTS: ------------------------

FrCJcJec\ O.\eR c.{ i'<o.~ ,-S:. ~\r.e 

CjQ s (;u -\~ s\ 6,. "'<, 

·_, 

., .... 



PLANT _1-~-l,_~-:---------LOCATION 
OPERATOR=jg~~-PP.~Y}i[=== 
DATE ______ gf:.f-~~~-------RUN # ________ ;b _________ _ 

F£ELD BLANK I.O.: TENAX 
TENA)</CHARCOAL --------- tl 

LEAK CHECK BEFORE£..0..:J ll}[cilliG·~:Ji d. I 
LEAK CHECK AFTER_~Q~l_U~~..ft ;)O 11 

CARTRIDGE I. D.: 
TENA)< 
TENAX/CHAR::::::::::::::::: .. 

VOST FIELD DAIA SHEET 
DATA SET #_..f2 __ 

Diagram of sample location 

STACI~ I. D. cAl Ou+ /et __ ?) ________________ _ 
PROBE NO. __ l/ __ f?I_ __ l_ _________ _ 
~JDST NO. 
FILTER 1~0~------~-----------
PROBE HEATER-SET __ ~~:::::::: 
t1ETER Bot< NO. j/_1 _____________ _ 
Yd _____ _I...!_Q~3-~--------------
Bp ____ ~9~~-----------~--------

con<LtLoYJ :2.. , . . --- . 

s-to.A 'TtY-A e. 10 4~ _ 
;~~~-----1 ~~~~~~~-;~~~---1:-----------~~=--G~-TERPERATURES~~DEG-c---~-----------:~::~~-~~~-~~~~~~~~~~~~~~~~ ITtinutes 1/min I ss ball 1 I. 2 3 4 5 r 6 1 i ters . 

------s ==-~-- ---~~--- --~~_;:--~-~:~~~-~- -~:~~=-~- =~~~~~- _:~~~-~~t::~:~-~~~ ~~~~~=i=~~~~ -~~-~----~-.-, 
-------- ------ --------- --------- --------- --------- -------- ---------~--------- ---------- ------- -----·------

(0 ""- \ ( 5 13 Ci L1 I :L I Y ~ S _;;:,<-{ 3 ;;:J • 15 I·SJ .3 '6 
------- ------ --------- --------- --------- --------- -------- --------- ---------- ---------~- ------ -----·------

15 v-. \ (S ·I~Y c\ 1-::L ::lD dy ~s -3/.£"6 j,l253 a 
-------- ------ --------- --------- --------- -------- -------- --------- --------- ----------- ------ --L--~------

', :;D V'-- I 1 s I 1..\. 0 '(-:;; l ":2 1 I q ':;I. s I ::2 5 lf 3 ' I 7 . I ' 0 3 (Jl --,,, 1------- ------ --------- -------- --------- ________ l_________ ------------------- ----------- ------ -- ---------

~~~~~~ ~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~Jl~~~~~~~~ ~~~~~~~~~lt~~~~~~~~~~~~~~~~~l~~~~~~:~~~~:~~~~ 
~~~r:J[ ______ ] _________ ] ________ j_ _________________ j_ ________ --------- ~~~='----[_~~~-~~----~~~-------------

CONDENSATE SAMPLES: 

SAMPLE I.D.: ________________ _ 
COt-1t·1ENTS: ------------------------

Lf\NL- ;;L-V- :2-

. '" 



r~~~i~&~~========= OPERATOR_Js~~~~~Y}fl __ _ 
DATE ______ gf-~- ~~-------
RUN # 
F£ELD-BLANK-Y~o.:-fENAX--

TENAI</CHARCOAL ---------
LEAK CHECK BEFORE~J 11 a~-:-lv.~=ij: .:26.S t\ 
LEAK CHECK AFTER_~-~t.!=~~~f~-~ lq II 
CARTRIDGE I.O.: · 

TEN AI<----------------------TENAX/CHRR ________________ _ .. 

VOST FIELD DATA SHEET 
DATA SET # -!f---

Diagram of sampl~ location 

STACf~ I. D. cA 1 Ouf /e"t --75-----------------PROBE N0. __ 1/ __ f?I--L----------
VOST NO. 
FILTER 1~0~-----~-----------

PROBE HEATER-SET --~=~====== t·1ETER BOX NO. _\/_I_ ____________ _ 
'( d------~.Q.~-3.::~--------------Bp ______ ~~~:t _______________ _ 

c..oncLtto'() :;;_ -=----
S-to.A ltY-Ae. I ::21 b 

;;~~----~-~~~~:~~~~~~~---'1---------lr--~~---GAs.-TEMPEP~~~REs;-oEG-c-------------------:~::~~-~~~-~~~~~~~~~~~~~~~~~--
minutes 1/min Iss ball 1 2 3 4 5 6 liters 

PROBE TENAI< 1 TEI·lAX 2 GAS OUT . ~1ETER Il-l ~1ETER OUT INITIAL:_~3.:_! . .!~-- Vac. . . 
--------------- --------- --------- --------• --------- -------- --------- --------- ---------- -~-- -----T------

""'-l IS 13'6 '-1 1-.:t :.20 37 3~ '-/Cf5'0 1%3 I 
-------- ------ --------- --------- --------- --------- -------- --------- --------- ---------- ------ -----T------

1 o ""- \ 7 D 1 '2:, '6 <6 11 d- 1 "3 r; '3 ~ sLf . 6 '6 1 .% 3 7 
-----15 ==-\-- ---7~-- -~~4~------~----- --~-;---- -;;~---- --~~---t~--3~---- -6()~~~-- -~~~ --~--·------
-------- ------ --------- -------- ---------~-------- -------- --------- --------- ----------- ------ -----·------
' ;;D ~I 75' t4LI 8 /0 f ;;JO 40 ' "3q ;s-. bO .I.~ 3 '1: 

CONDENSATE SAMPLES: 

SAt1PLE I. D.:----------------- Cot-1t·1ENTS: ------------------------

Lf\ N \_ - :l.- v - 3 
I 

.. ,, 
..,, 

...... . ~. . . ~-

'' 



~:~~l~~~~=;~;==== _ _gq._~TJ=P.~-.:.1----
DATE ______ ~t-~-~~~-rr---
RUN # ~ ~ 

F[ELD-BLANK-I~o~: TENAX==-------
TENA)</CHARCOAL 

LEAK CHECK 8EFORE_~9~~ li\.f .. jlt~~ff o11 11 
LEAK CHECK AFTER_~i~J-~fu~~-..1) ~ 1, 5 1\ 
CARTRIDGE I.D.: ' TENAX _____________________ _ 

TENAX/CHRR_________________ '• 

VOST FIELD DATA SHEET 
DATA SET #_LQ __ 

Diagram of sample locati~~ 

STACI~ I. D. c.A 1 Ou+ let __ () ________________ _ 
PPOBE NO. __ _v __ ?I __ l_ _________ _ 
~JOST NO. 
FILTER 1~0~-----~-----------
PROBE HERTER-SET ___ ~~~==== 
t1ETER BOX NO. _\./_1 _____________ _ 
'td ______ ~_QSL3_~-....:------------
Bp ______ ~~~-~~------~---------

CD'nQ·\tlOY) ;;..... ---
Si-C\'<"\ \1 fYI e. l36..J.. 

;~~~----~~~~~~~~-~~~~---~--------~~---GAS-fERPERAfO~ES;-oEG-c-------------------:~~:~~-~~~-~~~~~~~~~~~~~~~--
minutes 1/min Iss ball 1 r 2 1 3 A 5 6 liters 

_______ T ______ l _________ j __ :~~~~--~-~=~~=-~- c~~~:=-~- ~~=-~~~- -~~~~~-~~ ~=~=~-~~~ ~~~~::~~==Ii-1E::j_\LCls-_+----~-T ,_ 
~~~~!~J[~~i=~J~~~~~~ ~~~~~~~~r~~l~~~~~t~~~t~~~~ ~~~~~~ ~~~~~~~r~~~~~~~~ ~~~-?~~~~JL~t~~ ~~~:~~~~ - , . , I s- ~-

--f~---,--;~--- ---3~] ____ r ~ ". - . 
~~~~~~~~-r~~~~~~~~ ~~~~~~~~~[ 

+--------- ________ I_________ ---------t 
. ~~~t~l ______ j _________ j _______ j_________ _ ______ _1________ --------- ~-~------l-~~:~::_ ___ j_~~-~j ___________ _ 

CONDENSATE SAMPLES: 

SAMPLE 1.0.: ________________ _ COW1ENTS: _______________________ _ 

L ~ \~ L - ::2. - \J - ~ 

. ·"-· 

;'' 

' ·• 



PLANT _1-J:}.LL~-----------
LOCATION 
OPERATOR=jg~~tP9.~~fl=== 
DATE ______ gt~~A~-------
RUN #----------~-------FlELO BLANK I. D.: TENA:>c: 

· TENA)~/CHARCOAL --------- tl 
LEAK CHECK BEFORE_-5Qj 1~£f;If1\~ff J.l 
LEAK CHECK AFT::R-~Q!.l~Ji~1~~-~ tl61,\ 
CARTRIDGE I.O.. · 

lENA)< _____________________ _ 
TENAX/CHAR ________________ _ .. \ 

VOST FIELD DATA SHEET 
DATA SET #_LL __ 

Diagram of sample location 

STAo~ z.o. cAl ou+leT __ () ________________ _ 
pr;~OBE NO. __ lf __ 2:. __ l_ _________ _ 
V05T NO. 
FILTER 1~0~------Q[~-----------

PROBE HEATER-SET ___ ~=~~~=== 
1·1ETER BOX NO. _\/_1 _____________ _ 
'(d _____ _I..!.Q.0_3_?.:. _____________ _ 
Bp _____ ii~~~------~---------

CO'nQJloY) ·;2. ----
S-{-o_,\ IIY-Ae. i L!. L{ <6 

;~~~----~-~~~;:;~~-~~~~---r----------=~--GAS-TEiiPERATURES;-oEG -c-------------------:~::~~-~~~-~~~~~~~-;-~~~~~~;~~--
minutes 1/min Iss ball 1 ~ 2 3 4 5 6 liters c 

PROBE lENA)< 1 TENRX 2 GAS OUT ~1ETER IN t1ETER OUT INITIAL:_~}:_9 <?, __ VO.C. 
------- ------ --------- --------- --------- --------- -------- ------ --- --------- ---------- -~li__ -----+------

~~~~t[~ ~~t~~ ~~~~~~~ ~J~~~lt~~~~~~~~ ~~~~~~~~ ~~~~~~t~~~~~~~~t~~~~~~~~ ~~~~~~ ~t~1t ~~~:~~~~ 
~~~~~--~~~~~-~~~~=:~~~-~~~~~~1~~~~~~~~ ~~~~~~~Jt~~~~~~I~~~~~~~~t~~~~~~~.~~~~~~~-~~~::~::-~~~~:~~~~~ -1\;~~~,I------J------·-- ... ]--------- --------- ________ 1 ________ 1---------~~~------r--~~-~~~--t~~~~l-----l~-----
---~-- ------ ---------·-------- --------- ________ j_ _________________ l ___________________________ j ___________ _ 

CONDENSATE SAMPLES: 

SAMPLE I.D.: ________________ _ 
Cm1t·1EN TS: ------------------------

Lf\tiL -:2_-\,/- S 

.• 

....... 



PLANT_~~-L~-----------LOCATION 
OPERATOR=~~~ ~~'5il::: 
DATE ______ gt~-~~~-------
RUN # !.a 
F£ELD-sCARK-I.o~:-rEN8x:: ______ _ 

TENA~</CHARCOAL 

LEAK CHECK BEFORE.:<;_(?.!.L~n~~S£;:@" ;;1. L1) 
LERK CHECK AFTER_~Q..Ll~.:_% ~ fJ a.,tll 
CARTRIDGE I.D.: ' 

TENA~< 

TENAX/CHAR================= 
\ .. ' 

VOST FIELD pHrA SHEET 
DATA SET # --~-

Diagram of sample location 

STACf~ I. D. c.A t Ouf le_\_ __ () ________________ _ 
PROBE NO. __ .l.J __ §>I __ L _________ _ 
~JDST NO. 
FILTER I~0~-------1E-----------

PROBE HEATER-SET_~~======== 
t·1ETER sm< NO. _\/_1 _____________ _ 
'(d ______ L!_Q0_3_2= _____________ _ 

Bp-----------------------------
(DY)CLtto'() ::2. __:;.----- ' . 

: . 
S-h:",\ l1Y-Yle. 15::2./ 

.--------~----------------------------------GAS-TEMPERATURE5~-5E8-c-------------------------------------

5At1PLING J;~ATE ,. ~------------~----~ f VOLUt1E GAS METERED I COMMENTS: 
minutes I 1/min I ss ball 1 2 3 4 5 6 1 i ter-s 

PRosE TENAx 1 I TEt<Ax 2 GAs ouT · t1ETER IN t1ETER ouT INITIRL:_L~Q~-G]__ Vue 
------- ------ --------- _________ t_________ --------- -------- --------- --------- ---------- -~11__ -----1----~-

s '""-l ·.15 13(:, 15 It:, :J.k:, 4b 4CJ II 6 .oo /.CJ 3 b 

~~~~~lQ- ~~i~~ ~~~~~~~~ ~~~~~~~~ ~~J~.~~~~~ ~~~~~~~~~ ~~~~~~~~ ~~j~~~~~~~~q~~~~~ ~~~~~~~~~- ~~~~ ~~~~~:~~~~ 
-----~=- ':'.::-~-- ___ 7._Q __ --~?.?.___ --~L ____ --~2____ __::?._ ___ --~~'=-- ---r--~:?._ ____ Li!_?.~:lz;_l_; __ -~~-~ __ fi ________ _ 

'"·"1=~~= ~~~~~ ~~~~~=~~ ~~==~~- ~~~=~~~~ ~~~~~~~~t=~~~~ r~~~=~~~I~~=~~~~"~~~~~~=~~.~~=~~.~=~~:~~~~~ 
--~----1------J--------~J--------~--------- ________ _L________ ---------t---------[-----------1------·------------
. ~~~±:~ ------ ---------· _______ j _________ t__ _____ j ___ ----- -~~----- --------- -~~~}__~-----~~~L _________ _ 

T£ME 

CONDENSATE SAMPLES: 

SAMPLE I.D.: ________________ _ 
Cot-1t·1ENTS: ------------------------

LAN L- 2 - v - (, 
' .. 

~·. '· . . ' 

. ' 

·-....,, 



VOST FIELD OHCA SHEET 
DATA SET # _j22_ 

•: 

PLAHT_1~-~~----------
LOCATIOH___ ---------

srAcl~ 1. o. cAt ou+ leT . __ () ________________ _ 
PROBE N0. __ 1/ __ §>I_ __ l_ _________ _ 
VOST NO. 

·' 

OPERATOR_~~~ ~~~fl __ _ 
OATE ______ ~t-~-~L~------- ---------~uE-----------FILTER 1.0. ~ . 

PROBE HEATER-SET --~=~~~=== RUH # ________ L __________ _ 
FlELO BLAtiK I. 0.: TEHAX ________ _ 11ETER BOX NO._\/_! ____________ .,._ · 

'td ______ l!_Q0_3_~--------------. . TEHm<ICHARCOAL rl 

Bp-----~~1~--------•--------LEAK CHECK BEFORE.::._Q.! \ 1 ~'ffi::1M:t,~ ~ ;L I 
LEAK CHECK AFTER_~Q..:l~l:l§.}::riu:~§ d.l•S H 
CARTRIDGE I. 0.: · 

TEHAl< 
CO'nQ\tle)Y) 3 . 

TEHAX/CHAR::::::::::::::::: '• 
.. . I ~ : 

Diagram of sampl& location S{o;(~ l1f-Ae. IO 3<0 

·;~~~----~-~~~~:~~~-~~~----r-------------~~--GAS-fEMPERR~URES;:oEG-c-------------------:~::~~-~~~-~~~~~~~~~~~~~~~~~--
minutes 1/min I ss ball 1 r-:: 2 3 r 4 5 6 1 i ters 

------6 ==-~-- ---1~-- --~~~--~-~~~-~- -~~~~~-~-~~~~-~~~- -~~~~-~~ ~~~-~~~ ~~~~~~=~~~~;= -~~~-~------
-------- ------ --------- --------- --------- ________ I________ --------- --------- ---------- ------ -----+------
_____ !Q ~-l__ _ __ }_~--- _j~::___ --~:_____ --~~----- -~-~---- --~-~----r--~-~---- _l~~~~--- _0~~ -~~-+------

l5 V'- \ ID '133. \'"";;L 11 !t6 :zt.t <J_b 15.()( 1.~3 II 
-------- ------ --------- -~------ -------~- -------- -------- --------- --------- ----------- ------ -----·------

;;D V'-' l l D I ~ :J.... I L\. l 2 I C\ ;;z S" ;:2. b ;lC>. l ~ . 1. 0 3 I I 

~~~~:=~~~ ~~~~~~ ~~~~~~=~E~~~~~~I~~~~==: ~~~~~~= ~~:~~~::-~~~~=~~~[~~~::=:~-~==~~~~~1=~~~~"~~~~~:== ~~~r:J ______ L _______ j_ ______ j ________________ _l ________ .. ________ t:~ _____ L:~-~~------~!--~] ___________ _ 
CONDENSATE SAMPLES: 

SAMPLE 1.0.: ________________ _ CONt-1ENTS: _______________________ _ 

LA~L- 3- \j-' 
,I 

~ 

... ~: 
:, . '· ·~ 

•., "!: 
't. • .. 

~ ~ . ( 



~~~~!~2~~~~~i[=== 
DATE _____ ~;Jb-~~~-------
RUN # :1.. 
FlELo-sCAFIK-I~o~:-rENAx--

. TENA)<ICHARCOAL --------- II 
LEAK CHECK BEFORE 1.. 0.\ 11 ~~\f.ji;;;;_-Jr ::2 1, 5"" 
LEAK ~HECK AFTER_~Q:~:Jrgtro_\;_@; I ~ 11 

CARTRIDGE 1.0.: ! 

lENA)< 
TENAX/CHRR::::::::::::::::: 

t ~ \ 

VOST FIELD DATA SHEET 
DATA SET #_J.:l_ 

Diagram of sample location 

STACf~ 1.0. c.Al Ouflet __ () ________________ _ 
P~~OBE NO. __ .IJ __ w:_ __ l_ _________ _ 
VOST NO. 

---------~7~-----------FILTER I. D. ...Dl-1J. 
PROBE HEATER-SET ___ ~=~===== 
t·1ETER BOX NO. _\/_1--------------
't d ______ G.Q.£:L;3_2::______________ . 
Bp-------~-~~~------~---------

c..oncLtL<)'() ~ '· , 
' 

Sio. '\\ \1 ft1 e l/1 7 
. ~~~~----~-~~~;;:;~~-~~~~---r----------~----GA<;-';ERPERAfURES;-oEin:-------------------:~~:~~-~~~-~~~~~~~-;~~~~~~~~--
minutes 1/min I ss ball 1 2 3 4 5 Ei 1 i ters 

_1§___ -~-~-~---
lS .13f5 

----~L:-_l __ j___=.zQ== =l~l=t--~.?..-____ ---~---I---:~---r'---~j_ ___ l __ ~~----l-~~:..~~?:_ ___ l:_~:.~-~j __ ] __ ~------
-~~-----r------1---------1--------I--------- -------- -------- _________ l _________ ~-----------~------~-----~---·---

.~~~i:J[ ______ ] _________ ] ________ ---------- ________ j_ ________ i _________ t~ ______ [_::_~~~~----~~~-------------------- ------ --------- --------- --------- -------- -------- --------- --------- -----------1-------------------

CONDENSATE SA~1PLES: 

SAMPLE 1.0.: ________________ _ 
COt1t·1ENTS: ------------------------

' 
LAN L - ~- \J - ::L .I 

:' :f 

.<: 
..... 

,;, ,· 

> 
: . 
: ~. 



~~~li~~~=~~i[=-== 
DRTE _____ ~~JS-~~-------
RUN #-------~-----------F£ELD BLANK I. D.: TENf~X ________ _ 

J.,.IOST FIELD DATA SHEET 
DATA SET #_l5:_ 

STACf~ I.D. c..AT. Ouf/et __ () ________________ _ 
PPOBE NO. __ lf __ §>J:. __ L _________ _ 
VOST NO. 
FILTER 1~0~-----~-----------
PROBE HEATER-SET --~======= 
t·1ETER BOX NO. Jf_I _______ .:_ _____ _ 
'td I I 0~ :3 ::;)_ TENA)</CHARCOAL 

1 
1 

LEAK CHECK BEFORE!_9} 11 ~~~ d. I ·'5. 
LEAK CHECK AFT~R..:~.Q!..~~~~~-cr i).\ :\ 

sp :::::::aa=q§"::::::::::====== · 

CARTRIDGE I. D.. . 
TEN A)< 

. TENAX/CHRR================= 
,. .. ' 

c.on<fJto'() 3 · ·., 

Diagram of sample location SiC\,\ lt~e. IJ09 
-

-------------------------------------------GAS-TEMPERf~TUREs~-DEG-c--------------------------------------------------

T£ME I SAt1PLING RATE l-----·l-----·----- . \)0LUt1E GAS METERED I COMMENTS: 
minutes 1/min Iss ball I 1 2 I 3 4 5 6 liters 

------- ------ --------- --~~~~~-- -~~~~~-~- -~~~~~-~- ~~~-~~~- -~~~~~-~~ ~~~~~-~~~ ~:~~~~~~=~~~1== -~~~-~------
6 '""-l 75 l2l.\ ::20 .2D ,:)_3 3:z. 32. - 1._0:2 II -------- ------ --------- --------- ---------· --------- -------- --------- --------- ---------- ------ -----·------

1 0 v-. l r 5 I 3 I :J. 0 ~ t) ~.s- ~ 3 s 3 2> .£ . [-:2.... ,., :2. I I 
------- ------ --------- --------- --------- --------- -------- _________ f__________ ----------- ------ -----+------

15 v- \ 'I 0 ,. "3 \ -::J.. D I 9 ::2 s s 3, 3 3 61 ' ( C1 I',¢ ::z l :L.. 
-------- ------ --------- -~------- --------- -------- -------- --------- --------- ----------- ------ -----~------

;;D V'- I 10 l:L.q ,q .;;2.o 1 :2l\ 3 4 3 3 £fo, L{:L 1.rx2. t~ ------- ------ --------- -------- --------- -------- -----·---~·-----·-------------- ----------- __ :.r. __ -----oo+o------
---------------~---------~-------------------·---------~--------·---------'---------~-----------~------~-----+------_______ I ______ J _________ J ________ I _________ I ________ ~--------r---------~---------[ ___________ 1 __________________ _ 
~~~~~ ------ ---------·-------- ---------- ________ j_ _________________ l~~~----- -=~~~~------~~~-------------

CONDENSATE SAMPLES: 

SAMPLE I.D.: ________________ _ Cm1t·1ENTS: __ ~~~.::_ __ J~~~~~-.:~ {~\./\ v- ~ (A'(S · ~CXE: So.Jv~l~"{j 

LA\-.lL- 3-V- 3 .. 
' 

: .~ •: . ... , 



PLANT_1~-L~-----------
LOCATION___ ---------
OPERATOR_~~~ ~~~£l __ _ 
DATE ______ gt~-~~~-------

RUN #--------~----------FlELD BLANK I. D. : TENAX ________ _ 

TENA~<ICHARCO~L__ ------ 1\ 
LEAK CHECK 8EFORE_5Q·1 ~~"{.abfJ...'?j_;i \ 
LEAK CHECK AFTER .<.O,lcr 1111.' rr. -· I ' 1 

---- - .a.ulv.a,.~..J. 
CARTRIDGE I. D.: 

TENAX _____________________ _ 
TENAX/CHAR ________________ _ .. \ 

VOST FIELD DATA SHEET 
DATA SET # _Ll_? __ 

Diagram of s~mple location 

sTAct~ 1. D. c.. A t ou+ I e:t 
~ t __ () ________________ _ 

PROBE NO. __ .l/ __ §]::_ __ L _________ _ 
~JOST NO. 
FILTER I~O~=====J'~~-==--::::::. 
PROBE HEATER SET ___ ~------· 
11ETER BOX NO. -V-1-------------- · 
'(d I I 0() ~ ::L 

sp:::::~s~~::::::::::::::::, 

con<Ltto'() ~ __ . . : -: 
--

S-\-CA'\\ -r,Y--n~ 175b 
-·-------------------------------------------GAS-TEMPERAfDREs;-BEG-c-------------------------------------
T£~1E I SAt·1PLING RATE J---- -------- ---- VOLUt1E GAS METERED I COMMENTS: 
minutes 1/min Iss ball I 1 2 3 4 5 6 liters 

------- ------ --------- -------- --------- -------- -------- --------- --------- ----------- ------ -----+------15 ""'"\ /D V3":2.. t 1<6 IZ --~--· ~-~ t -~ J (5'"..).-.:J.C" 1.¢:2 1-.:L 

;;D """' ( '70 '~::; l't> 17 ;;l-:2 33 I .::., '"..1 C7\;:}. () . '·P-:1. ------- ------ ----~---- -------- --------- -------- --------~ ------------------- ----------- ------~-----+------

-A;~~~~-r------J _________ ]________ --------- ________ j_ ________ t---------r-;~-----[-~~~~--1-~~;~-------------
"---~-~L _______________ " _________________________ j_ __________________ L ___________________________ J ___________ _ 

CONDENSATE SAMPLES: · 

SAMPLE I.D.: ________________ _ 
Cot-1t·1ENTS: ------------------------

LAr~L -3- \l- ~ ',I 

~ .. '~ 
,'' ... 

> ,· 

·.. 1 •. ~· 

~ · .. 

'.! 



~~~~iig~=~=~~i[=== 
OATE _____ ~~-{f.§~-------
RUN ~ fl~ 
FlELD-BLANK-I~o.:-f£NRX--

. TENA)</CHARCOAL --------- 11 

LEAK CHECK 8EFORE_~0.\ 1~fiiJ1j~=[" ).\,5 
LEAK CHECK AFTER,:<;_O_]~S~~l~~-(L ~ t. 5" 
CARTRIDGE I.D.: ~ 

TEN A)< 

TENAX/CHAr(:::::::::::::::: '• 

VOST FIELD DHTR SHEET 
DATA SET ~ -~] __ 

Diagram of sample location 

STACf~ r.o. cAl ou+ let __ () ________________ _ 
PROBE N0. __ 1/ __ 2I. __ l_ _________ _ 
~JOST NO. 
FILTER 1~0~------&[~-----------

PROBE HEATER-SET ___ ~~====== 
t1ETER BOX NO. j/_1 ___________ ---
'(d I I 001 3 ::L . ---------cr------------------
sp _____ ~3~--er------~---------

c..on<l\tlo'() 3 ----
s+o. ~\ -r 1 f-A~ 1q :2.4 

. ;~~~----~-~~~~:~~~~~;~--l~--------==---GiiS-TERPERATURES~-BEin:----=-----------~~:~~~-~~~-:~~~~~-;-~~:~~;~~-
minutes 1/min Iss ball 1 l 2 ::1 4 5 r 6 liters 0 

-·----6 ==-~- ---~~-- --~~~-- -~=~~~- -~~~~-=- ~~~~~~- -~=~;:-~~t:=~~~~~~ ~~~~~~~~Q~~ -~~~-------
-------- ------ --------- ---------[--------- --------- -------- ---------r--------- ---------- ----- -----·------

10 lA. \ \S 13t~ 15 /Y t'b ~s -:J.5 C!~.c-61 f.O':L 13 
------- ------ --------- --------- --------- --------- -------- --------- --------- ----------- ------ -----·------

15 v- \ 'l S" ·'I 6 I f I 5 I L\ 1'6 :1 s- t ;;;I. s- ( OL{ I 3 0 ,, (0' 2 I 3 -------- ------ --------- --------- --------- -------- -------- --------- --------- ----------- ------ -----·------
;;;{) v-.- ( I S I 3 3 1 L\ I 3 1 t <6 ?. 5 , ~ 1.\- i()g , 14 I. GY 2 13 

~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~}~~~~~~~~~ ~~~~~~~~ ~~~~~~~~I~~~~~~~~~[~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-A;i~;~~-r------J _________ ]________ --------- _________ L ________ t---------t~~-----[--~~~~~---l-~~~~"------------
---~-~L __________________________________________ j_ ________ l __________________ ------------------"------------

CONDENSATE SAMPLES: 

SRt·1PLE I. D. :----------------- C0Nt·1ENTS: -------------------------

LA NL- 3-\J - s-
I 

..... 

. ; 



PLANT_1~-~~----------LOCATION 
OPERATOR=jg~~ ~~~rl=== 
DATE ______ gt_b_~~~-------
RUN # b 
FtELo-sCARR-I~o~:-r£NAx--

rENA)</CHARco~r --------- 11 
LEAK CHECK BEFORE~Q,\ ~\\:~J~JL .:1 f,S 
LEAK CHECK AFTER.:S_9~C:Jf~--(£'~l-S" . 
CARTRIDGE I. D.: 

TENA)< 
TENAX/CHAR================= " \ 

VOST FIELD DHCA SHEET 
DATA SET # _lf> __ 

Diagram of sample location 

' 

srAcf~ r.o. cAl ou+ leT · __ () ________________ _ 
PROBE NO. __ ~--~J:--1----------
VOST NO. FILTER 1~0~-----~-----------
PROBE HEATER-SET ___ ~====== 
1·1ETER Bm< NO. _\/_l _____________ _ 
Yd ______ L!Jl0_3_?.;. ______________ . 
Bp _____ ~~~Q~----------------

c.oncLtto'() 3.. ·, . / 
••• ' l, 

.•. ··\1•.! 

s~~,\ I1Y-Ae. !C{SI 

-~~~~----~-~~~;:~~~-~~;~---~-----------~----GAS-TERPERRTORES;-oEG-c--------------~-:~~~~~-~~~-~~;~~~~~~~~~~;~~--
rr.inutes 1/min I ss ball 1 I. 2 3 4 5 -~ 1 i ters 

------sr:-,-l--~2~~~ ~~i~;~~~~=~~~~~: ~~~~~=~ ~}~~~~~ ~~~~~~~t~~~~~~~ ~i~~~~=
9

~~~ ~~~-+---~~-1~ 
10 \A.\ flO \~\ t IS '6 ~~ ~s I ;2.1{ c;.o.C17 t.fd3 q · · ------- ------ --------- --~------ --------- --------- -------- _________ f_________ ----------- ------ -----·------

-----~:?- ::.:-~-- ___ J.~-- ___ l2~- --~-~--- __ !~--- ---~~---- __ ?._?____ --=~---- _?:_~~:-~--- -~·-~-~ _j_Q_. _____ _ 
'' ;;0 V'- l { D 16 5' l y l Lf l'i) ~ ~ ~ '* :? l I L( 6 . '· 6 3 I b '-·,",_1------- ------ --------- -------- --------- -------- -------··r---------r--------- ----------- ------ -----·------

~~~~~~~I~~~~~~]~~~~~~~~~]~~~~~~~~I~~~~~~~~~I~~~~~~~~~~~~~~~~~I+~~~~~~~~~t-~~~~~~~~~["~~~~~~~~1~~~~~:~~~~~:~~~~ 
~~~~~ ------ ---------·-------- ---------- ________ j_ ________ --------- ~~----- -~~~?-~----~~-~------------

:ONDENSATE SAMPLES: 

SAMPLE 1.0.: ________________ _ 
COt-1t1ENTS: ------------------------

LA N L - ~ - V - ·~ 
''I 

·' '· 
·~.; > 

.•: .. '~ ~ 

,,;· 

; ·;' 
. ~. ~ 



VOST FIELD DATA SHEET 
DATA SET # _1~-

.. ; 

~~~~r~~~~=~~iC=== 
OAT£ _____ ~~1-~~-------
RUN # _L 
FlELo-aCANK-I.o~:-rENAx--

TENA;</CHARcoAL -======== 11 LEAK CHECK BEFORE:,_Q..I ~~~~);£0Afl._;?l1~5 LEAK CHECK AFTER_~!?..:.r.9.i3f-~~'[_;zl . : 
CARTRIDGE I.O.: : 

TENA;< 
TENAX/CHAR::::::::::::::::: 

sTACf~ 1. o. c.. A 1 ou+ I e t __ () ________________ _ 
PPOBE NO. __ .V __ 2J: __ l_ _________ _ 
VOST NO. 
FILTER 1~0~------&[~-----------

PROBE HEATER-SET --~~~==== t·1ETER BOX NO. JLI _____________ _ 
Yd ______ ~s~~-3-~--------------sp _____ 2.3.:..1:3. ________ . ________ _ 

UJnct"Jto~ l{ .. i . 

S-\-CA'(\ tiD-If.... \34 ~ 
. '\ 

Diagram of sample location 

--~~~~----~-~~:;:~:~-~~~~--~--------~~~--GRS-TEMPERATORES~-OEG-c-------------------:~:::~-~~~-:~~~~~~~~~:~:~~~--
minutes 1/min I ss ball 1 I T 2 3 4 5 r 6 1 i ters 

------- ------ --------- __ :~~~--~-~~~~=-~- -~~~~~-=- ~~:-~~~- -~~~~~-~~t~~~~~-~~~ ~~~~~~~~~~=~= JL~~-·---~--
~~~~~!~- ~~i~ ~~~~~~~ ~~t~~~~~r~~~~~~~~ ~~i~~~~~ ~~~~~~~ ~~~~~~~ ~~~~~~~ ~;;~~J:~~- ~t~~~ ~~~~:~~~~ 

',,"',~~~~~ ~~I~~~~~;~~~ ~~~~~C~i~~[~~}~~~~ :-~~~~~ ~~~~~r~~~~~~~~ ~~~~~i~~ ~t~~ ~it~:~~~~ 
--------r------J---------J--------r---------r--------~-------- --------- ---------[-----------1-------------------~~~t~~L______ _________ ________ _________ _ _______ j_________ _________ ~~------ -~~~-~-----~~~-~------------

CONDENSATE SAMPLES: 

SAMPLE I.D.: ________________ _ COMMENTS: _______________________ _ 

Lf\\'\l- 1.\- \J- \ 

~~. 

:•,......., ,, 
~ .. 

' ' 



PLANT J:-m_L~-----------
LOCATION___ ---------
OPERATOR_~~~ .f9.~~rL __ _ 
DATE ______ ~t~L-~Z~-------
RUN #-------~-----------FlELO BLANK I.O.: TENAX ________ _ 

TENA)<ICHARCOAL _ ------ ..,.. t\ 
LEAK CHECK BEFORE.I O .. !l~JI<SZA~~'\.~- ;J \ • .:;; 

LEAK CHECK AFTER_{O..:J..!!JI~.lh.~~\....(} 17 11 

CARTRIDGE I. 0.: TEN AX _____________________ _ 
TENAX/CHAR ________________ _ . . \ 

VOST FIELD DATA SHEET 
DATA SET # _s.."lQ_ 

Diagram of sample location 

,•: 

STACI~ I. D. cAl Ouf /e.t __ () ________________ _ 
PPOBE N0. __ 1f __ ~I--L---------
VOST NO. 

FILTER I~D~=====-&[~-:3=~===== 
PROBE HEATER SET ___ ~--------
t·1ETER BOX NO. _\/_1 _____________ _ 
Yd _____ J.d1.9_:;?_;?;; ______________ . 

Bp------~~~(3------~---------
C.O'nct\tlo'l} ~~ _. _ 

'> 

S-\-o.,\ l\Y-Ae I 4 30 
-------------------------------------------GAS-TEMPERAfDREs~-5~8-c--------------------------------------------------

TlME 15At·1PLING RATE !----[----.. ---- ---- 1 VOLU11E GAS METERED I COMMENTS: 
minutes 1/min I ss ball I 1 2 ::: 4 5 6 1 i ters 

--------------- --------- __ :~~~=-- -~=~:~-~- -~=~:~-=- ~:~-~~~- _:=~=~-~~ :=~=~-~~~ ~~~~~:=~=~~~~= JL~~-t----~-.' 
""- l .1.5 l3 3 \ \ I L\ l (\ 3 \ 3 ::2- 5 q • 15 /. ~ :J. ~ . 

-------- ------ --------- --------- --------- --------- -------- --------- --------- ---------- ------ -----T------
1 0 v--. \ ·1 ~ l .. 3 3 I D I -5 I q 3 l '?, :l ?.fl., '6£ I· 0 J. £ ------- ------ --------- --~------ --------- --------·- -------- --------- --------- ----------- -----~ -----·------

=~~~- ~~I~~ ~~~~~~~ ~~~ii~~ ~~~~~~J~~~~~c~~~rJ~~~~~~ ~~~~~~~~-J~~~~~ --~~r~~ ~ti~ ~~~~:~~~=~ 
~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~r~~~~~~~~~r~~~~~~~~j[~~~~~~~~ ~~~=~~~~lt~~~~~~~~~·~=~~==~~l~~~~=:~=~~=~=-~~ 
.!:~~~J[ ______ ] _________ ] _________________ l ________ j_ ________ --------- ?_~ _____ [_:~~~~-----~~~~-------------

CONDENSATE SAMPLES: 

SAMPLE I.D.: ________________ _ 
CONt1ENT5: ------------------------

. L ~ NL- L\- \J- 2.. 
, I 

... · 

~· ... 1 • 

'0 ,,. 

-~, ~ ' 

··.; 



PLANT_~~-~~----------
LOCATION___ ---------
OPERATOR_Js~~ PP.~Y}!l __ _ 
DATE ______ ~t~7-~~~-------
RUN # 6 
FlELo-sCANK-I~o~:-rENAx--

VOST FIELD DATA SHEET 
DATA SET # _2l.:.\__ 

.. 

smc•~ r.D. cAt ou+ leT __ () ________________ _ 
PROBE NO. __ lf __ §.I--L---------
VOST NO. 
FILTER 1~0~-----~-----------
PROBE HEATER-SET ___ ~~~==== 
t·1ETER BOX NO. _\/_l _____________ _ 

::. 

rENA:~;cHARcoAL --------- ll 
LEAK CHECK BEFORESQ~ 11 ili]W~i.::.if:;z.t-5 

Yd I, O<J 7 ::L 
-----------~---------------- . Bp ______ ~~J~------~---------

LEAK CHECK AFTER~-~1-:~~~([ \'1 •I .. 
CARTRIDGE I.D.: ·. 

TENAl< _____________________ _ C.O'nCLtlo'() 4 ... --- , . 

TENAX/CHAR ________________ _ .. 
Diagram of sample l~cation s-to.,~ ~~~e. 15 S'b 

-· ;~~~----r~~~~~;~~-~~;;---r---=-------GAs-TEMPERAfiiRES;=iiEG~c----------------:~~:~~-~~~-~~~~~~~-;-~~~~~~~~-
minutes 1/min Iss ball 1 r 2 3 4 5 6 liters r · ------ ------ --------- __ :~~~=--~-~=~:=-~- -~=::~-=- ::~-~~~- -~~~=~-~: :=~=~-~~~ ~:;~~~~~~~~: _'L<lL _____ _ 

s '-"- l '7 D 1'6(+ I\ t '2 ;;JO 33 3 3 7~ J,fJ. :2. ~ -------- ------ --------- --------- --------- --------- -------- --------- --------- ---~-1~---~--- -----·------
_____ l2 ~-L- ---~~-- --~~:?___ __2~---- ---~~--- _::.?..___ __2~---- -~~~---- -~-- -~·~.?:. --~-+------

t5 ""'"\ )0 ('-\_\ I D l~ {'b 3l{ 3L\ q/.. ()~ f.~~ (, 
----~- -~-~-- --~;;---- -~y-c;____ --~~-----r---~~--- ' --~~--- --:sl{---r--:s-~---- -q-6~(-t___ -~~~-; --~-·------
------- ------ --------- -------- --------- --------J[------··r--------r---~---- ----------- ------ -----·----

~~~~~--~~~~~~~~~~~~~~~~~~~~~r· ~~~~~~~~r~~~~~~~~Jl~~~~~~~~l~~~~~~~~-~~~~~~~~~-~~~~~~~~~~1~~~~~~:~~~~~:~~~~ 
~~~~J[ ______ ] _________ ] __________________ l ________ _l _________________ I~~i ______ [_~~:~-----~~~j ___________ _ 

CONDENSATE SAMPLES: 

SAMPLE I.D.: ________________ _ 
Cot-1t1EN TS: ------------------------

u\r~L-L\-\J-3 .I 

.• ''~ 

., ., 



~~~~r~~~=~=~~~=== 
DATE _____ ~~~~-------
RUN #-------~----------FtELD BLANK I. 0. : TENAX 

UOST FIELD OHTA SHEET 
DATA SET # -~:2:---

. ' 

STACt~ I. D. cAl ou+ let __ () ________________ _ 
PROBE NO. __ lf __ w:_ __ l_ _________ _ 

VDST NO. 
FILTER 1~0~------Q[~-----------
PROBE HEATER-SET ___ ~:lJd:::: 

· TENA~</CHARCOAL -==-===== . I) 
LEAK CHECK 8EFORE~O~'Kc4!EL~ ;2\ S 
LEAK CHECK AFTER;::-_QJ.__~'f\M..'b....J.i: .;J. \,S '~ · 

1·1ETER Bm< NO. _\/_1--------------'(d ______ G_Q9_3_;?;: ______________ . 
Bp ______ Q_~_._Lk ______ _: ______ , __ _ 

CARTRIDGE I. D. : : 
TEN AX 

. TENAX/CHRR================= '' \ 

Diagram of s~mple location 

c..onct \+LC)\1 _·_Lf-1...--
s+CA'(\ -r1r-ne. lb3 <6 

-~~~~-----~~~~~~~~-~~~~---li-----------------GAS-TERPERRfURES;~OEG-c-------------------:~::~~-~~~-~~~~~~~-;~~~~~~~~~--
minutes 1/min I ss ball 1 1-::: 2 3 4 5 f 6 liters ------- ---- --------- __ :~~~~--~-~~~~-~- ~~~~~-~- =~-~~~-. -~~~~-~~ ~=~~-~;:~~~ ~~~~=~~~=~~=1~= -~'1~-~---~~-," 

6 . ....__ \ 05 ,~s ,.~ 13 /<"1 34 :;0 101 i~~s /.O 17 
-------- ------ --------- --------- --------- --------- -------- ---------r--------- ---------- ------- -----·------

, 0 "" \ b S I~C\ I \ I :2 \ ~ 3 3 3 "2. to£, 6 0 t. 0 11 

~~~~~- ~~~~ ~~~~~~ ~~~~~~~- ~~~~~~~~I~~~~~~- ~~J~~~t~~~~~~~f~~~~~~~ ~~~~~~~~ ~~~~~ ~~~~I~~~~~~ 
------- ------ ---~---- _____ :L_ --------- -------- --------·+---------~--------- --~_y_____ ------ -----·------

;;;~~,-I~~~~~~J1~~~~~~~~~]1~~~~~~~~~~~~~~~~~~r~~~~~~~~J[~~~~~~~~l~~~~~~~~~tl~~~~~~~[-~~~~~~~~l~~~~~~:~~~~~:~~~~~ 
---~-- ------ __________________ j_ ________________ __l ________ --------- --------- ------------------"------------

CONDENSATE SAMPLES: 

SAMPLE 1.0.: ________________ _ 
Cm1t·1ENTS: ------------------------

'. LA~\..- '-\-\J- L\ 

' 
:: ~t 

I 

" 

' '' 

\t ,~ ... 
,: ~ ~-. 

. •' 

1'· 

. :~ 

,, 
·.·. 

:'';'-. \ 

,.·' 
~:' 



PLANT _1-fl::}_l~~ ----------
LOCATION 
OPERATOR=]g~~~~~Y}i[=== 
OATE ______ ~t-~~~~-------
RUN #-------~-----------F[ELO BLANK I. D.: TENAX ________ _ 

VOST FIELD DATA SHEET 
DATA SET # _!3~-

~.i)\i 
\';P 

· .. 
STACf~ 1.0. cAt i)u+tet 
Pk~OBE NO. --OS-----,·-----------

' 

--~---~-- -----------VOST NO. ---------;:,1· -----------
FILTER I.D. ~ 
PROBE HEATER-SET ~\ :;:r--------

TENA)</CHARCOAL - ----- . I 
LEAK CHECK BEFORE..::s_Q.J ''IE1~~~-b :n:s 1 

LEAK CHECK AFTER_~Q.J~3i~~~.i~"....!J" 1(6'\ .. 

l"lETER BOX NO. _,j_I::============ 
'(d I, O<J ..:-.:> :::t.. ·. 
8 -------;=:,--;;--~,:::.,.----- ·----------- . 
P------~~-\J _____ --~--------· 

CARTRIDGE 1.0.: ~ I. con<l\tlo'() 4 --- ; ,. . 
TENA:< 

TEN AX/CHAR================= 
\ 

' '' 

s-to. ~\ -r, ti1 e. D&o q 
• I' 

Diagram of sample location 

~~~~-----1 ~~~;:~~-~~;~----r------------~----GAS-TEFtPERRfURES;-oEG-c------------------ :~::~~-~~-~~;~~~~1~~~~~~;~~--
minutes 1/min Iss ball 1 I. 2 3 4 5 6 liters . 

------- ------ --------- --~~~~~--~-~~~~~-~- -~~~~~-~- ~~~-~~~- _:~~~~-~~ :~~~~-~~~ ~~~~~~~~:~;;:~::J L~~-·------
6 -"-l 'ls-" 136 ·ll 13 'C{ ;:1.1.{ :L?:, ;}(J· ·'3 5 H6 2. ! ( 

-------- ------ --------- --------- --------- --------- ____ l___ --------- --------- ---------- ------~ ----·------
10 v-. \ '1 G \6/ I D I l I q :24 ;23 - I·~ :l I b ------- ------ --------- -~~------ --------- --------- -------- --------- --------- ----------- _______ , ----·------
15 v- \ 7 r;; \ ~I I 0 \ 3 l <:6 d.l\. :2 ..;:-, ·;? , I L t {) I' 0 :l ! b 

------- ------ --------- -------- --------- -------- -------- --------- --------- ~--------- -------~ ----·------
;;D vo- I -:7 \2- f 1 \ tt 1 \ c1 ;t -5 ~t.t '3;:. S ~ 1. ~ -:1.: S 

~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~f~~~:~~~ ~~~~~~~~ ~~~~~~~~~[~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~ ~~~~:~~~~~ 

~~~~J[~~~~~J~~~~~~~~J~~~~~~~j_~~~~~~~~ ~~~~~~~Jt~~~~~~~~ ~~~~~~~~~t~;~~~~~~ ~~~~~~{~~~-~~~~~:: ~~~~~~~~~ 
CONDENSATE SAMPLES: 

SR~1PLE I. D.:----------------- Cot-1t·1ENTS: ------------------------

) 

LI\NL- ~ -V- 5 
I 

<·' 
•' ,; 

:•t"-• \ 

•" 
. ' 

'·· -'; 

\IJJ \ .. 

/ 

w:~ 



PLANT _1-m_L~-----------
LOCATION___ ---------
OPERATOR_~~~ PQ~Y}fl __ _ 
DATE ______ gt;J-~~~-------
RUN # "*'-
F£ELO-BLANK-I~O~:-TENRX==-------

TENA)~/CHARCOAh \ 
LEAK CHECK BEFORE~Q..!.\ ~ffi+rw£~fl J... \ \ 
LEAK CHECK AFTER_;5£..'-Q~~%-Pi~'i~J)_ d-.C\1' 
CARTRIDGE I. 0.: ! 

lENA:< _____________________ _ 

TENAX/CHilR ----------------- '' 

'-..'OST FIELD D~( A SHEET 
DATA SET # _.Ql_-:L 

Diagram of sample location 

STACI~ I. D. c.A l Ouf let" 
PPOBE NO. --05------------------~---J: __ l __________ _ 
VOST NO. 
FILTER 1~0~------~vE-----------
PROBE HEATER-SET.J..:.P~..=.,----------

1/ T--~-------t·1ETER Bm< NO. :;)1-:----------------
Yd I, O<J .:::> ::L . 
8 -------r-~-~--------------
P-------~~~~----------------. . 

c..oncLtLoY) ~ . ,; i :! ~· · 
'j;.' 

S-\-<A'\'\ \1Y-Y\e /gL ( (.., _ 

-· ~~~~----~-~~~~:~:~-~~~~---r--------==---G~S~'fERPERA'fORES~-iiEGT------------------:~::~~-~~;-~~~~~~~~~~~~~:~;~~-
Ininutes 1/min I ss ball 1 r 2 3 4 5 6 1 i te-n:; 7 0 l 

------- ------ --------- --~~~~~--~-~~~~~-~~ -~~~~~-~- ~~~-~~~- -~~~~~-~~ ~~~~~-~~~ ~~~~~~~~=~=~l!== -~~~-1---~~-
6 '-"- t J.0 1:;.2_<-t II ll If) .;.s ;;..5 - 1.0:J. ~ -------- ------ --- ----- --------- --------- --------- -------- --------- --------- ---------- ------ -----·------

_____ !9 ~_i__ _ __ ']_{)___ __1_3_<±___ _j_Q_____ --~~----- --~]____ --~_'?_____ --~-~--- !:L7_:_~2__ -~·~~ _'f2 __ _. _____ _ 
15 v-- \ "'0 'j'3u )1 II 1'-"( ;JC,. :JS t.2,'-{':l_ 1.¢.;;t '{; 

-------- ------ _____ t___ _ ____ j__ --------- -------- -------- --------- --------- ;,z_________ ------ -----·------
~ V'-' l 7b \:2'6 lb l\ 1 tC6 d.-~ ~b ~-; 1.¢d. ~ ------- ------ --------- -------- --------- -------- --------· ----------,--------- -~~--~7--- ------ -----·------

t=; I ~ ....... 

..._ i... ' ......._, 

--~-----r------l---------l---------r---------r-------- -------- ------------------- -----------~------~-----·------

--;~----r------J _________ l ________ I _________ I ________ _L________ ---------t---------[-----------1-------------------
~-~i:~L______ _ ________ J________ ---------- ________ j_________ --------- ==~----- -~~~~-':----~~:=J ___________ _ 

CONDENSATE SAMPLES: 

SAMPLE I.D.: ________________ _ 
Cm1t·1ENTS: ------------------------

'·' 

LA~L- 1\-'.\- b , ,I 

' .. ~ ' ! 
•, •. ·-:" ' '. "~ 

~, ·'· ;_ J.; 

···'~ .. , . r:.;·· 
\ ' ~ .-

-.\.. '· 
.. I .· •. ~ ... ·: 

' ·:. 
! • . . . 



·: ·' ., 

PLFINT __ ~j~-~----------
LOCATION C~l.. 
OPERATOR-- . ' \irM'{=i<r·:~i\---7 ·r~---~~~~~-
g~~E#----~~~~~t~iz ______ _ 

_f~~~-JL _________ _ 

' 

UOST FIELD DATA SHEET 
DATA SET # .l:.'.fi_ 

t 1/;)~ 
, ·: . . . tji,.~· tL 

STACK I. D • .Allr\"d-._.1~~--~~-~~:: 
. PPOBE NO. ___ ~A---------------
. VOST NO. 

FILTER I~o::]~te::--::::::::::: 

~~~~~ ~~~T~~~~~~::::::::::: FlELD BLANK 1.0.: TENAX 
TENA~VCHARCO~~ ---------

. LEAK CHECK BEFORE_~~~~ \~~J:M~§ :J~.SI\ 
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· CARTRIDGE I. D.: 

... y d \ .C:')\vv :L 
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TENA~</CHAR::::::::::::::::: 
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S{o.n.11~ ~0 -JS" ... :.;. ·> Diagram of sampl& location 
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::t .;~ ' ,,· .:.:' ·~ VOST FIELD DATA SHEET 
DATA SET # _Q.b_ 

. ' ; • '. ; <·. i:~;:;i~. 
STACK I • 0. _f.\_vr\.·rr_.1~4~~~~~:~:' ~ . <, :: PLANT -~hilJ~-~----------

·. • LOCATION C B_"t.. 
OPERATOR==~~~~~'L\:: 
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CARTRIDGE I.D.: ~ 
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Diagram of sampl~ location 
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TENm</CHAR================= '• 
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CARTRIDGE I. D.: 
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Diagram of sample location 
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Diagram of sample location 
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APPENDIX E. SAMPLE CALCULATIONS 

1) EQUATIONS FOR EPA METHOD-S & VOST CALCULATIONS 



LOCATION OF DATA FOR EPA METHOD-S & VOST DRE 
CALCULATIONS 

1. VOLUME OF WATER COLLECTED 

Eqn: Vwstd= (0.471 ft3/m1)*V1c , wscf 

Vlc: EPA M-5 FIELD DATA SHEETS, RAW DATA SETS 

2. VOLUME OF GAS METERED, STANDARD CONDITIONS 

Eqn: Vmstd= (17.64 QR/in Hg)*Vm*Yd*(Pb+DH/13.6) , dscf 
(Tm+460) 

Vm: EPA M-5 FIELD DATA SHEETS, RAW DATA SETS 
Yd: EPA M-5 FIELD DATA, CALIBRATION DATA, RAW DATA SETS 
Pb: EPA M-5 FIELD DATA SHEETS, RAW DATA SETS 
DH: EPA M-5 FIELD DATA SHEETS, RAW DATA SETS 
Tm: EPA M-5 FIELD DATA SHEETS, RAW DATA SETS 

3. MOISTURE CONTENT 

Eqn: Bwo= vwstd . , % 
(Vmstd+Vwstd) 

4. MOLECULAR WEIGHT OF DRY GAS STREAM 

Eqn: Md: .44(%C02 )+.32(%02 )+.28(%N2+%CO) 

%C02 : ORSAT READINGS, RAW DATA SETS 
%02 : ORSAT READINGS, RAW DATA SETS 
%N2+%CO:= [100-{%C02+%02 )] 

5. MOLECULAR WEIGHT OF STACK GAS 

Eqn: Ms=Md(1-Bwo)+18(Bwo) 

6. VELOCITY OF STACK GAS 

Eqn: Vs = Kp*Cp*(DP) 1/2 •CTs+460~1/2 , ft/sec 
(MS*Ps) / 2 

Kp: =85.49 [ftjsec*Cin Hg*lbm/lb mole) 
[(in Hg* 0R)] 

Cp: EPA M-5 FIELD DATA SHEETS, RAW DATA 
(DP) 1/ 2 : EPA M-5 FIELD DATA SHEETS, RAW 
Ts: EPA M-5 FIELD DATA SHEETS, RAW DATA 
Ps: = [Pb+ DH 1 

[(13.6 in H2o;in Hg)] 

SETS 
DATA SETS 
SETS 



7. TOTAL VOLUMETRIC FLOW OF STACK GAS 

·Eqn: Qa = Vs*As*(60 sec;min) , acfm 

Qstd = Qa*Ps*(1-Bwo)*(17.64 QR/in Hq) , dscfm 
(Ts+460) 

As: =0.7773 ft2 [(3.14159)*~2 , where D=11.938" 
4 (12" Schd. 40) 

8. DENSITY OF STACK GAS 

Eqn: d= Ps*Ms*(14.696 psi) * r (1bmole*Q~, lbm/ft3 
(Ts+460)*(29.921 in Hg) [10.73 psi•ft ] 

9. MASS FLOW RATE OF STACK GAS 

Eqn: Qm=d*Qa*(60 minjhr) , lbmjhr 

10. EXCESS COMBUSTION AIR IN STACK GAS 

Eqn: EA=100* % o2 , % 
(0.264*%N2 - %02)• 

11. PERCENT ISOKINETIC 

Eqn: I=K4 • Vmstd*(Ts+460) , % 
Ps*Vs*An*THETA*(1-BWO) 

An: EPA M-5 FIELD DATA SHEETS, RAW DATA SETS 
THETA: EPA M-5 FIELD DATA SHEETS, RAW DATA SETS 
K4 : (0.09450) fin Hg*minl 

[ 0R•sec) 

12. PARTICULATE CONCENTRATION 

Eqn: grjdscf= Mn * (15.43 grjgm) 
Vmstd 

grjdscf (7% o2 ) = (grjdscf) * 14 
(21 - %02) 

lbmjhr= (grjdscf)*Ostd*(60 min/hr) 
(7000 grj1bm) 

Mn: EPA M-5 WEIGHT SHEETS (= Blank + Field weight) 

13. CHLORIDE EMISSIONS Cas HCl) 

Eqn: 1b/dscf=Cmg/l)*Vso1n*(36.45/35.45) * [ liter ] 
(453,590 mgjlbm)*Vmstd [1000 m1] 

ppmv=(1bmjdscf)*385.3 ft~* 1bmole *l!Q~l 
1bmole 36.45 1bm 



lbm/hr=(lbm/dscf)*Qstd*(60 min/hr) 

mgjl: EPA M-5-IMP DATA FROM ANALYTICAL REPORTS 
Vsoln: EPA M-5-IMP DATA FROM CHAIN OF CUSTODY FORMS 

14. CHLORIDE ENTERING INCINERATOR (as HCll 

Eqn: From ccl4=(Feed rate)*(Weight %)*0.9219 [lbm c1=1 
[lbm CC1 4 ] 

From TCE=(Feed rate)*(Weight %)*0.8095 [lbm c1=1 
[lbm TCE] 

Total cl-=ClccL4+clTce 

As HCl=(Total Cl-)*(36.45/35.45) 

Feed rate: LIQUID & SOLID FEED RATE DATA 
Weight %: LIQUID & SOLID FEED PREPARATION DATA 

15. CHLORIDE REMOVAL EFFICIENCY 

Eqn: % Efficiency= inlet - outlet *100 
inlet 

16. CARBON MONOXIDE EMISSIONS 

Eqn: ppmv corrected to 12% co2= (ppmv)*~ 
%C02 

ppmv corrected to SO%= (ppmv)*(100 + %EA) 
Excess Air 150 

lbm/hr= (ppmv) (28 lbm/lbmole) (Qstd)t60 min/hr) 
(385.3 ft3/lbmole) (10 ) 

ppmv: CAE SUMMARY OF RESULTS (Tables 5-8, p. 4-10 to 
4-13, CO recorder strip chart. 

17. VOST SAMPLE TRAIN GAS METERED AT DRY STANDARD CONDITIONS 

Eqn: vvstd= Yd* vv•Pb* 
(liters) (Tv + 273) 

Yd: VOST FIELD DATA SHEETS 
Vv: VOST FIELD DATA SHEETS 

*[0.3858 QK_l*[ 760 mm Hg ] 
mm Hg [29.921 in Hg] 

Pb: EPA M-5 FIELD DATA SHEETS, RAW DATA SETS 
Tv: VOST FIELD DATA SHEETS 



18. POHC EMISSIONS--eel~ 

Eqn: ug;m3 = (ng cc1 41 
(VvstdT 

ppbv = (ug/m~) (24.04 1/qmmo1e) 
(153.81 qmjqmmo1e) 

1bm/hr = Cppbv) (153.81 1bm~1bmo1e) (60 min/hr)*Ostd 
(385.3 ft /1bmo1e) (10 9 ) 

ng CC1 : LABORATORY DATA--ANALYTICAL REPORTS 
Qstd: ~alculated in #7 above. 

19. POHC EMISSIONS--TeE 

Eqn: ug;m3 = (ng TCE) 
(Vvstd) 

ppbv = (ug/m~) (24.04 1/qmmo1e) 
(131.378 qmjqmo1e) 

1bm/hr= Cppbv) (131.378 1~m/1bmo1e) (60 min/hr)*Ostd 
(385.3 ft /1bmo1e) (10 9 ) 

ng TCE: LABORATORY DATA--ANALYTICAL REPORTS 
Qstd: Calculated in #7 above. 

20. DESTRUCTION AND REMOVAL EFFICIENCY OF CCl~ 

Eqn: ORE = 1bm/hr cc1 4_in - 1bm/hr cc1 4 out * 100 , % 
Ibmjhr cc14 in --

21. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 

Eqn: ORE = 1bm/hr TCE in - 1bm/hr TCE out * 100 , % 
1bmjhr TCE in 

NOTE: A compilation of most of the data required in these 
equations may be found in Clean Air Engineering's 
Report on the Los Alamos Controlled Air Incinerator 
RCRA Trial Burn, Appendix 7-3, "Parameters". 



APPENDIX E. SAMPLE CALCULATIONS 

2) SAMPLE CALCULATIONS 



SAMPLE OF EPA METHOD-S & VOST ORE CALCULATIONS 

SAMPLE PERIODS USED IN CALCULATIONS: 
>EPA METHOD-S #LA-4-MS-3 
>VOST #LA-4-V-6 

1. VOLUME OF WATER COLLECTED 

Eqn: Vwstd= (0.471 ft3/m1)*V1c , wscf 

Vwstd= (0.471)*(297.4) = 14.00754 wscf 

2. VOLUME OF GAS METERED, STANDARD CONDITIONS 

Eqn: Vmstd: (17.64 2RJin Hq)*Vm*Yd*(Pb+DH/13.6) , dscf 
(Tm+460) 

Vmstd= (17.64)*(51.31)*(.9999)*(23.10+1.02/13.6) 
(68+460) 

= 39.72309 dscf 

3. MOISTURE CONTENT 

Eqn: Bwo= vwstd . , % 
(Vmstd+Vwstd) 

Bwo= 14.00754 = 0.2606993 = 26.1% 
(39.72309 + 14.00754) 

4. MOLECULAR WEIGHT OF DRY GAS STREAM 

Eqn: Md = .44(%C02 )+.32(%02 )+.28(%N2+%CO) 

%N2+%CO:= [100-(%C02+%02 )] = [100-(8.0+10.2)] = 81.8 

Md = .44(8.0)+.32(10.2)+.28(81.8) = 29.688 1b/1bmo1e 

5. MOLECULAR WEIGHT OF STACK GAS 

Eqn: Ms=Md(1-Bwo)+18(Bwo) 

Ms=29.688*(1-.2606993)+18*(.2606993)=26.64095 1b/1bmo1e 

6. VELOCITY OF STACK GAS 

Eqn: Vs = Kp*Cp*(DP) 1/ 2 *CTs+460) 1/ 2 , ftjsec 
(MS*Ps) 1/ 2 

Kp: =85.49 [ftjsec•Cin Hg*lbm/lb mole) 
[(in Hg* 0R)] 



Eqn: Ps: = [Pb+ DH J in Hg 
[(13.6 in H2o;in Hg)] 

= (23.10 + 1.02] = 23.175 in Hg 
13.6 

Vs = 85.49*.84*.4428*(202!'!o>.!L1. = 32.92657 ftjsec 
(26.64095*23.175) 

7. TOTAL VOLUMETRIC FLOW OF STACK GAS 

Eqn: Qa = Vs*As*(60 secjmin) 1 acfm 

As: =0.7773 ft2 [(3.14159)*Q2 
1 where 0=11.938] 

4 (12" Schd. 40) 

Qa = 32.926576*0.7773*60 = 1535.629 acfm 

Eqn: Qstd = oa•Ps*(1-Bwo)*(17.64 QR/in Hq) I dscfm 
(Ts+460) 

Qstd = 1535.629*23.175*(1-.2606993)*(17.64) 
(202+460) 

= 701.0804 dscfm 

8. DENSITY OF STACK GAS 

Eqn: d= Ps*Ms*(14.696 psi) * ( (1bmole•Q~ 1 lbmjft3 

(Ts+460)*(29.921 in Hg) [10.73 psi•ft ] 

d= (23.175*26.64095*14.696) = 0.04269085 1bjft3 

(202+460)*(29.921) (10.73) 

9. MASS FLOW RATE OF STACK GAS 

Eqn: Qm=d*Qa*(60 minjhr) 1 lbm/hr 

Qm=0.04269085*1535.629*60 = 3933.44 lbjhr 

10. EXCESS COMBUSTION AIR IN STACK GAS 

Eqn: EA=100* % o2 1 % 
(0.264*%N2 - %02) 

EA=100* 10.2 , = 89.51137 % 
(0.264*81.8 - 10.2) 

11. PERCENT ISOKINETIC 

Eqn: I=K4• vmstd*(Ts+460) 1 % 
Ps*Vs*An*THETA*(1-BWO) 



K4: (0.09450) fin Hg*minJ 
[ 0 R•sec) 

I= 0.09450*39.72309*(202+460) 
23.175*32.926576*0.000534*80*(1-.2606993) 

= 103.1132 % 

12. PARTICULATE CONCENTRATION 

Eqn: qrjdscf= Mn * (15.43 qrjqm) 

Eqn: 

Vmstd 

qrjdscf= 0.0485*15.43 = 0.0188393 
32.926576 

qrjdscf (7% 02)= (qrjdscf)* 14 
(21 - %02) 

qrjdscf (7% 02)= 0.0188393* 14 . 
(21 - 10.2) 

Eqn: lbmjhr= (qrjdscf)*Qstd*(60 minLhr) 
(7000 qr/lbm) 

= 

lbm/hr= 0.0188393*701.0804*60 = 0.1132102 
7000 

13. CHLORIDE EMISSIONS Cas HCl) 

.02442131 

Eqn: lb/dscf=(mq/l)*Vsoln*(36.45L35.45) * [ liter ] 
(453,590 mgjlbm)*Vmstd [1000 ml] 

lb/dscf=269*505*(36.45L35.45) = 7.752083E-06 
453,590*39.72309*1000 

Eqn: ppmv=(lbm/dscf)*385.3 ft~* lbmole *ilQ~l 
lbmole 36.45 lbm 

ppmv=7.752083E-06*385.3*(10~l = 81.94451 
36.45 

Eqn: lbm/hr=(lbmjdscf)*Qstd*(60 minjhr) 

lbm/hr=7.752083E-06*701.0804*60 = 0.32609 

14. CHLORIDE ENTERING INCINERATOR Cas HCl) 

Eqn: From CC1 4=(Feed rate)*(Weiqht %)*0.9219 [lbm c1=1 
[lbm CC1 4 ] 

CC1 4:(3.39*60)*(30.25/100)*0.9219 = 56.723 lb/hr 



Eqn: From TCE=(Feed rate)*(Weight %)*0.809S [lbm c1=1 
[lbm TCE] 

TCE=(3.39*60)*(14.79/100)*0.809S = 24.3S2 lb/hr 

Eqn: Total Cl-=ClccL4+clTce = S6.723 + 24.3S2 = 81.07S 

Eqn: Total As HCl:(Total Cl-)*(36.4S/3S.4S) 

= 81.07S*(36.4S/3S.4S) = 83.36223 

15. CHLORIDE REMOVAL EFFICIENCY 

Eqn: % Efficiency = inlet - outlet *100 
inlet 

= 83.36223 - 0.32609 = 99.60882 % 
83.36223 

16. CARBON MONOXIDE EMISSIONS 

Eqn: ppmv corrected to 12% C02= (ppmv) *_ll 
%C02 

ppmv corrected to 12% C02= 7* _u = 10.S 
8.0 

Eqn: ppmv corrected to SO% = (ppmv)*(100 + %EA) 
Excess Air 1SO 

ppmv corrected to SO% : 7*(100 + 8.9.S1137)= 8.8439 
Excess Air 1SO 

Eqn: lbm/hr= Cppmv) (28 lbm/lbmole) (Qstd)~60 min/hr) 
(38S.3 ft3/lbmole) (10 ) 

lbm/hr= 7*28*701.0804*60 = 0.0213981S 
38S.3* (10 6 ) 

17. VOST SAMPLE TRAIN GAS METERED AT DRY STANDARD CONDITIONS 

Eqn: VVstd: Yd* VV*Pb* *[0.38S8 2K_I*[ 760 mm Hq ] 
(liters) (Tv + 273) mm Hg [29.921 in Hg] 

vvstd= 1.0032*20.36*23.10*0.38S8*760 = 1S.S1S32 1. 
(2S + 273)*29.921 

18. POHC EMISSIONS--eel~ 

Eqn: ug;m3 = Cnq cc1 41 = 4900 
(VvstdT 1S.S1S32 

Eqn: ppbv = (uq/md) (24.04 1/qmmole) 
(1S3.81 gm/gmmole) 

= 31S.8169 



ppbv = 315.8169*24.04 = 49.36115 
(153.81) 

Eqn: lbmjhr = (ppbv) (153.81 lbm~lbmolel (60 min/hr>•ostd 
(385.3 ft /lbmole) (10 9 ) 

lbm/hr = 49.36115*153.81*60*701.0804 = 8.28877E-04 
385.3*(10 9 ) 

19. POHC EMISSIONS--TCE 

Eqn: ug;m3 = (ng TCE) 
(Vvstd) 

= 116 
15.51532 

. -
Eqn: ppbv = <ug/m~) (24.04 l/gmmole) 

(131.378 gmjgmole) 

7.476481 

ppbv = 7.476481*24.04 = 1.368072 
131.378 

Eqn: lbmjhr= (ppbv) (131.378 lbm/lbmole) (6B min/hr)*Ostd 
(385.3 ft 3jlbmole) (10 ) 

lbmjhr= 1.368072*131.378*60*701.0804 = 1.96224E-05 
385.3*(109 ) 

20. DESTRUCTION AND REMOVAL EFFICIENCY OF CCl~ 

Eqn: DRE = lbm/hr Ccl 4_in - lbm/hr cc1 4 out * 100 , % 
Ibm/hr cc14 in 

DRE = [3.39*(60/100)*30.25] - 8.288766E-04 * 100 
[3.39*(60/100)*30.25] 

= 99.99865 % 

21. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 

Eqn: DRE = lbm/hr TCE in - lbm/hr TCE out * 100 % 
lbm/hr TCE in 

DRE = [3.39*(60/100)*14.79] - 1.962239E-05 * 100 
[3.39*(60/100)*14.79] 

= 99.99993% 



APPENDIX E. SAMPLE CALCULATIONS 

3) PROGRAM FOR ORE & EMISSIONS CALCULATION 



10 
20 
30 
40 
50 
& -

PRINT 
PRINT 
PRINT 
INPUT 
PRINT 
INPUT 

"SAMPLE CALCULATIONS" 

"ENTER EPA METHOD-5 SAMPLE PERIOD NUMBER" 
X$ 
"ENTER VOST SAMPLE PERIOD NUMBER" 
Y$ 

-·INT "XXXXXXXXXX--EPA METHOD-5 BASED CALCULATIONS FOR RUN ";X$; "··--XXXXXXXX:xx 

80 r'RINT 
90 PRINT 
100 PRINT "1. VOLUME OF WATER COLLECTED" 
110 PRINT 
120 PRINT "ENTER VOLUME H20 COLLECTED IN IMPINGERS ~~ SILICA GEL CM5>, ml" 
130 INPUT VLC 
140 VWSTD=C.0471)*CVLC) 
150 PRINT "Vwstd= ";VWSTD;"wscf" 
160 PRINT 
170 PRINT 
180 PRINT "2. VOLUME OF GAS METERED~ STANDARD CONDITIONS" 
190 PRINT 
200 PRINT ''ENTER VOLUME OF GAS SAMPLE THROUGH METER CM5> AT METER CONDITIONS, ft 
-:fll ·-· 
21 0 INPUT '..,.OM 
220 PRINT "ENTER AVERAGE DRY GAS METER TEMPERATURE, deg F" 
230 INPUT TM 
240 PRINT "ENTER BAROMETRIC PRESSURE, in Hg" 
250 INPUT PB 
260 PRINT "METHOD 5 GAS METER CORRECTION FACTOF\= 0. 9999" 
27() 
280 
29(l 

YD=.9999 
i='RINT 
PRINT ''ENTER AVERAGE PRESSURE DROP ACROSS METER BOX ORIFICE, 
-NPUT DH 
MSTD=17.64*VM*YD*<PB+DH/13.6)/C460+TM> 

32U F'RINT 
330 PRINT "Vmstci= ";VMSTD; "dscf" 
340 PRINT 
~:50 F'RINT 
360 PRINT "3. MOISTURE CONTENT" 
370 PRINT 
380 BWO=VWSTD/CVMSTD+VWSTD) 
390 PRINT "Bwo= ";BWO;"%" 
400 F'RINT 
410 PRINT 
4·20 PRINT "4. MOLECULAR WEIGHT OF DRY GAS STREAM" 
4:30 PRINT 
440 PRINT "ENTER PERCENT C02" 
450 INPUT C02 
460 PRINT "ENTER PERCENT 02" 
470 INPUT 02 
480 N2=100-CC02+02) 
490 MD=.44*<C02)+.32*<02)+.28*CN2> 
500 PRINT "Md= ";MD;"lbm/lb_mole" 
510 PRINT 
520 PRINT 
530 PRINT "5. MOLECULAR WEIGHT OF STAG::: GAS" 
540 PRINT 
550 MS=MD*<1-BW0>+<18*BW0) 

qiNT "Ms= ";MS;"lb/lb_mole" 

"6. ',JELOCITY OF STACf( GAS" 

"ENTER F'ITOT TUBE COEFFICIENT" 
CP 

in H20" 

5El0 
590 
600 
610 
620 
630 

<!NT 
t-='RINT 
PRINT 
PRINT 
PRINT 
INPUT 
PRINT "CONVERSION FACTOR l<p= 85.49 Cft/sec ((lbm/lb-mole inHg>ICR in H20>>···· .. 



;:. j .. 

640 ~<i='==85. 49 
6~;0 PRINT 
660 PRINT ''ENTER AVERAGE OF SORTS OF VELOCITY PRESSURE HEADS OF STACK GAS, in H2 
0" 
670 INPUT DP 
,. .i PRINT "ENTER AVERAGE STACK TEMPERATURE, deg F" 

"NPUT TS 
7 S==PB+DH/13.6 
71U PRINT 
720 VS=KP*CP*DP*C<TS+460)-.5)/CCMS*F'S)A.5) 
730 PRINT "Vs= "~VS;"ft/sec" 
740 PRINT 
750 PRINT 
760 PRINT "7. TOTAL VOLUMETRIC FLOW OF STACK GAS" 
770 PRINT 
780 PRINT "ENTER STACK CROSS-SECTIONAL AREA, ft2" 
790 INPUT AS 
800 QA=60*AS*VS 
810 PRINT "OA= ";OA;"acfm" 
820 QSTD=CQA*PS*17.64*<1-BW0))/CTS+460) 
821 QWSTD=<OA*PS*17.64)/(TS+460) 
822 F'RINT 11 0wstd= 11

; OWSTD; 11 sc+m" 
830 PRINT "Qstd= ";QSTD; 11 dscfm" 
840 PRINT 
B50 PRINT 
860 F'RINT 11 8. DENSITY OF STACK GAS" 
870 F'f': I NT 
880 DEN=CPS*14.696*MS)/(29.921*<TS+460)*10.73l 
890 PR II'H 11 DENS I TV= 11

; DEN; 11 1 bm/ ft 3" 
900 PRINT 
910 PRINT 
Cl -.R I NT II 9. t1ASS FLOW RATE OF STACK GAS II 

,:;:INT 
9~0 QM=DEN*OA*60 
950 PRINT "Om= 11 ;0M;"lbm/hr" 
960 PRINT 
<?>70 PRINT 
980 PRINT "10. EXCESS COMBUSTION AIR IN STACI< GAS" 
990 PRINT 
1000 EA=100*C02/C.264*N2-02)) 
1010 PRINT "'%. EXCESS AIR= ";EA 
1020 PRINT 
1030 PRINT 
1040 PRINT "11. PERCENT ISOKINETIC" 
1050 PRINT 
1060 PRINT "ENTER CROSS-SECTIONAL AREA OF NOZZLE, ft2" 
1070 INPUT AN 
1080 PRINT "ENTER TOTAL SAMPLING TIME CM5), min" 
1090 INPUT TIME 
1100 I=C.0945*CTS+460>*VMSTD)/CPS*VS*AN*TIME*<1-BW0)) 
1110 PRINT "'!.I= ";I;"%" 
1120 PRINT 
1130 PRINT 
1140 PRINT "12. PARTICULATE CONCENTRATION" 
1150 PRINT 
1160 PRINT "ENTER TOTAL AMOUNT OF PARTICULATE MATTER COLLECTED, gm" 
1170 INPUT MN 
,. SRDSCF=C15.43*MN)/VMSTD 

:•R I NT "gr I dscf = "; GRDSCF 
120v GRDO=GRDSCF*C14/C21-02)) 
1210 LBHR=<GRDSCF*QSTD*60/7000) 
1220 PRINT "gr/dscf CORRECTED TO 7'1. 02= ";GRDO 
1230 PRINT "lb/hr= ";LBHR 
1240 PRINT 
1250 PRINT 

r-or-aTktT ll.f~ r"'>lll t"'\-·"1'7"\r- _.._ .. ,.,_,f"""•f"r.._ .. ,,.... ~,,,_.,,,....,\II 



.J. ..<:.0'.' r n .1.1·~ I J. ._;," ·~MLUK .l Lit:. t:.J'Il ~-:::J .l Ur\jo \ H~ HL .l .I . 

1270 PRINT 
1280 PRINT "ENTER CHLORIDE l N OFF GAS SAMPLE ( SLibtr act 1 for Bl an kl ~ mg /L" 
1290 INPUT MGCL 
1300 PRINT "ENTER TOTAL VOLUME OF IMPINGER SOLUTION (from C of C forms>" 
1310 INPUT VSOLN 
1-~o LBDSCF=MGCL*<<VSOLN/1000l*C36.45/35.45))/(453590!*VMSTD> 

PRINT "lb/dscf HCl= ";LBDSCF 
1 PPMV=CLBDSCF*385.3*10A6)/36.45 
13~u P~:INT "ppmv HCl= ";PPMV 
1360 LBHCL=LBDSCF*QSTD*60 
1370 PRINT "lb/hr HCl= ";LBHCL 
1380 PRINT 
1390 PRINT 
1400 PRINT "14. CHLORIDE ENTERING INCINERATOR Cas HCll" 
1410 PRINT 
1420 PRINT "ENTER WASTE FEED RATE TO INCINERATOR~ lbm/min" 
1430 INPUT LBMIN 
1440 LBMHR=LBMIN*60 
1450 PRINT "ENTER PERCENT CC14 IN FEED MIXTURE~~~~~ 
1460 INPUT CIN 
1461 TETIN=CIN/100 
14 70 PRINT II ENTER PERCENT TCE IN FEED 11 I X TURE' ~1. II 

1480 INPUT TIN 
1481 TRIIN=TIN/100 
1490 CCL4IN=LBMHR*TETIN 
1500 TCEIN=LBMHR*TRIIN 
1510 CLCCL4=CCL4IN*.9219 
1520 CLTCE=TCEIN*.8095 
1530 CL4T=CLCCL4+CLTCE 
1540 HCL4T=CL4T*C36.45/35.45> 
1550 PRINT "CHLORIDE ENTERING INCINERATOR AS CL-= ";CL4T;"lbm/hr" 
l"" PRINT "CHLORIDE ENTERING INCINERATOR AS HCl= ";HCL4T;"lbm/hr" 

F'RINT 
1:-Jbu PRINT 
1590 PRINT "15. CHLORIDE REMOVAL EFFICIENCY" 
1600 PRINT 
1610 EFF=100*CCHCL4T-LBHCL>IHCL4Tl 
1620 PRINT "/.EFFICIENCY= ";EFF;"/." 
1630 PRINT 
1640 PRINT 
1650 PRINT "16. CARBON MONOXIDE EMISSIONS" 
1660 PRINT 
1670 PRINT "ENTER PPM CO" 
1680 INPUT PPCO 
1690 PPMCO=<PPC0*12)/C02 
1700 PRINT "ppmv CO CORRECTED TO 12:.~ C02= "; PPMCO 
1710 PPMEA=PPCO*CC100+EA)/150) 
1720 PRINT "ppmv CO CORRECTED TO 501.. EXCESS AIR= ";PPMEA 
1730 PRINT 
1740 COHR=<<PPC0*28*QSTD*60)/C385.3*<10A6))l 
1750 PRINT "CO EMISSION= ";COHR;"lbm/hr" 
1760 PRINT 
1 T70 PRINT 
1780 PRINT "XXXXXXXXXX--DRE CALCULATIONS FOR VOST RUN ";Y$;"--XXXXXXXXXX" 
1790 PRINT 
1800 PRINT 
1810 PRINT "17. VOST SAMPLE TRAIN GAS t1ETERED AT DRY STANDARD CONDITIONS" 
1 ,~, '='R I NT 

:·RINT "ENTER VOST DRY GAS SAMPLE 'vOLUME METERED~ liters" 
184•.' INPUT VMV 
1850 PRINT "VOST METER CORRECTION FACTOR IS 1.0032" 
1860 YDV=1.0032 
1870 PRINT 
1880 PRINT "ENTER VOST METER OULET TEMPERATURE, deg C" 
1890 INPUT TMV 



! iU<_I '•iv·;;:, I L•= '. •. ,:;.;.:j::)d :J. 1 Ll\/ "- \.'i'Tv' .Jr'b ,f i bl_i I i \ ..:.'-:r', '-t ..c:! .f'. ; I i'l\i+..::: / ·.~·! i 

1910 F'F-'INT 11 'Jmstd ('../C:.lST) = II; 1/1./STD; 11 1 i t.er-s" 

192•) F'R I i'-..IT 
1930 PRINT 
1940 PRINT "18. POHC EMISSIONS--CC14" 
1950 PRINT 
·-~o PRINT "ENTER CC14 IN OFFGAS~ ng" 

INPUT CCL4 
1 TET1=CCL4/VVSTD 
1990 PRINT "ug/m3.CC14= ";TETl 
2000 PBTET=<TET1*24.04l/153.81 
2010 PRINT "ppbv CC14= ";PBTET 
2020 PRINT 
2030 CCL40UT=CPBTET*153.81*QSTD*60l/ClOA9!*385.3l 
2040 PRINT "EMISSION RATE OF CC14= ";CCL4CJUT;"lbm/hr-" 
2050 PRINT 
2060 PRINT 
2070 PRINT "19. POHC EMISSIONS--TCE" 
2080 PRINT 
2090 PRINT "ENTER TCE IN OFFGAS~ ng" 
2100 INPUT TCE 
2110 TRil=TCE/VVSTD 
2120 PRINT "ug/m3 TCE= ";TRI1 
2130 PBTRI=<TRI1*24.04l/131.378 
2140 PRINT "ppbv TCE= ";PBTRI 
2150 PRINT 
2160 TCEOUT=CPBTRI*131.378*QSTD*60l/(10A9!*385.3) 
2170 PRINT "EMISSION RATE OF TCE= ";TCEOUT;"lbm/hr-" 
2180 PRINT 
2190 PRINT 
2200 PRINT "20. DESTRUCTION AND REMO'JAL EFFICIENCY OF CC14" 
2210 PRINT 
?- DRETET=lOO*<CCCL4IN-CCL40UTl/CCL4INl 

r'RINT "/.ORE FOR CC14= ";DRETET 
2:.::"+•-' PRINT 
2250 PRINT 
2260 PRINT "21. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE" 
::;;~270 PRINT 
2280 DRETRI=100*CCTCEIN-TCEOUTl/TCEINl 
22;.;;o PRINT "~mRE FOR TCE= " ; DRETR r 
TI-00 PRINT 
2310 PRINT 



APPENDIX E. SAMPLE CALCULATIONS 

4) RESULTS FOR ALL EPA METHOD-S & VOST PERIODS 



Vwstd= l4.53506 wsct 

-·-1- .. i-..--! CJ L..! : 1.:::: i_.J L.. ::-~ F\ !; . .l E~ I C3 ~·-! ·r I] F. D F\: \{ (3 i~ .::; :::::: ·r F: F ,. .. :i i'--~ 
Md= 20.744 lbm/lb mole 
5. MOLECULAR WEIGHT OF STACK GAS 
Ms= 25.60983 lb/lb mole 

TOTAL VOLUMETR[C FLOW 

:. hti', -::.: .. 

. r . ···J.· 
··::: t :---~~-.r· 

... :::-·:::. .. :' .. : ~- J::.: 
.. .'" ··' 

t .1. .. ( ~~: ~ ; __ !.:::.1 : !··--.! r .L .::::. 1.J j-:· .L l\i ;.::. :-- : ·· · 

· ; .. -' :!t · .. ,.. l··!C:· .L ·:::: ! r-·,•:::·:1 1 ···::t::: 
'··t- ~~:· . .. ) _,_,_ ! -' .. ' 

,--,:··,_ ... 
1,_.' ... :...-----

r··-:-.o· 
;_.-_!!''"' :::: 

j li'"! ·. 
!'""!1 ..... !.; 

~- CHLORIDE ENTERING INCINERATOR a~ HCll 

16. CARBON MONOXIDE EMISSIONS 
ppmv CO CORRECTED TO \2% C02= 6.976;44 
1::) 1::) rn \/ c !] c::: 1J F: h: ~::·. c:: ··i 1:::: .u ·r C:J ~-; (! ~/~, E ::< c~ r:. ~~::. ::::) r; I F~.: ::::: 
CO EMISSION= 1.276972E-02 lbm/hr 

1'·-' 
.. .'1\j 

\XXXXXXXXX--DRE CALCULATIONS FOR VOST RUN LA-l-1!-1--XXXXXXXXXX 
1/. VOST SAMPLE TRAIN GAS METERED AT DRY STANDARD CONDITIONS 

13. POHC EMISSIONS--CC14 
ug:m3 CC14= 12.02861 
ppbv CCI4= 1.880033 
EMISSION RATE OF CC14= 2.63~567E-05 lbm/hr 

·19. POHC EMISSIONS--TeE 
l . ..i. q _/' IT! ~) 'T c::: E.=: :::: () 

j:) p t:. -.-/ ·r c: t.: ::;:: () 
EMISSION RATE OF TCE= 0 lbm/hr 
?0. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
\DRE FOR CC14= 99.99096 
21. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 
\DRE FOR TCE= 100 



XXXXXXXXXX--EPA METHOD-5 BASED 
1. VOLUME OF WATER COLLECTED 
Vw~td= 14.53506 w~cf 

r ... ··;r··, 
r· · .. Jr·• .. 

2. VOLUME OF GAS METERED, STANDARD CONDlTIONS 
·.,-, :::;+· d ·:: ::.::.'~·, 754D7 d·::;c f 
:. MOISTURE CONTENT 

Swo= .3520242 % 
~. MOLECULAR WEIGHT 
Mrl= 29.744 lbm/lb_mole 

,. .... ,-r··,f··· ;·,~-..:~ 

-::)I j' .... C.i···Jt'! 

5. MOLECULAR WEIGHT OF STACK GAS 
Ms= 25.60983 lb/lb mole -· 
A. VELOCITY OF STACK GAS 

TOTAL VOLUMETRIC FLOW OF STACK 
WA= 1474.862 3Cfm 

;:;.. r·,,;;:· --:,··:r·r;::· I .... -·· .... ,· -·· 
.. ..iC)- . ..J u ..... .~ •.•• .! .J. ' .. .J·:::-L ·r !It 

~· DENSITY OF STACK ,·· .. -..,····. 
1 .. :7:··1-:::; 

DENS[TV= ~.073075E-02 lbmtft3 
0. MASS FLOW RATE OF ,.-- 'T' .. -, ,--·-;,· 

.:::: 1 t-l•._ .. r·- . 

.. f<CLSS AIR= 73.5953 

... /.-- .... : 
t .• J r ,.- • .. .: ·:::.:-' .... --,. 
••• ··- .-· • .1 --- ·-· •• 

I.::JI ... l .. J:::: ... , 

lh:hr= 4.661687E-O_ 

·pmv HCl= 4854175 
tbt~r HCl~ 1.613862E-03 

L6. :A~HON MONOXIDE EMISSIONS 
ppmv CO CORRECTED TO 12% C02= 6.9767~4 

;::) p iT!\--' c. CJ c: (J F;.: F;.~ E: c T. r: :o ·r 1::1 ~s () ·~·~. 1::: ·\ c r::: ~:; ~:::; {::·~ 1 h: ::::: :: ."J ,l < ~::J (::r '.=.=.=j :t 

~\XXXXXXXX--DRE CALCULATIONS FOR VOST RUN i ...... ·i j j ..... 
; ... ! ... , ..... ;, \/ ... 

·!. ·:.?" '...)()~:;; T' ::::)i::11~ .. 1F'L..[ TF:r::-:·~ I ~· .. i : .. ~·:;(~,~:; ivlr:::·r:::::F:E::r> (::,T Df-~.~\( :::;:: )";:·~·,r··.Jr·:,/::tF''C) L::.~~.l!\~:C) T ·r ::: C:}/\1~::.:; 

Vm0td (VOSTl= 16.28075 lite~s 
18. POHC EMISSIONS--CC14 
ug/m3 CC14= 416.4427 
ppbv CC14= 65.08866 
EMISSION RATE OF CC14= 7.131526E-04 lbm/hr 
19. POHC EMISSIDNB--TCE 
t.i.q ,.-' c,-,:~: TCf:::::: 
p p b \/ 'f[[:::::: 

EMISSION RATE OF TCE= 2. 168401E-05 lbm/hr 
:o. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 

r-, i") , .... , rw, .... w7 r; 
7".Yu ".'f".'IC)/CJ 

21. DESTRUCTION AND REMOVAL EFFICIENCY 
\DRE FOR TCE= 97.99993 



A\IXA!X\XX--EPA METHOD-5 BASED 

' ) \.A.i ·:=. t:. d ::::; t . .;'l 11 5 :~;; ~J () .:J !,A} S C: f 
" !...)[lL._;_..li'·!E: ClrN-:- G(-i~:J 1"1f~TEF:EL")!l ~:;:;-r(:·:!\li)(~fF;.:_D C:(Ji\fL·= T f.(]t-.:·::;; 

;, / fT1 ~:~- t. d ::::: ~~:: ~~-::, ., -~.._~ ~=:_; ~~ ~3 Cf d ·::; C: -f 
3. MOISTURE CONTENT 
Rw~: .3520242 % 
4. MOLECULAR WEIGHT OF DRY GAS STREAM 

-
5. MOLECULAR WEIGHT OF STACK GAS 

6. ~ELOCITY U~ STACK GAS 
-:·--1 . ···,··:· ,· JN ·'-••••- ••'' · .. > .1."' •:.::: .•... · ... ::··· :· '··· ... ::::.1;:.7' .... 

·;.::-, I :::-· l J ' .: .. ,_-I. :...) ~-:.. .·:• 

... ·--'··- ... . 
l .. J r / 1...1 ·.:::-1 ... . 

q~ld0c~ CORRECfED TO 7% 02= 
Lb/hr= 4.661687E-02 

ppmv HCl= .4854175 
·I .· '··:•·r·-,.-- ... ,, ..... ··.··;•· 
!. , C) .J. -.:.o:::::::;.:;,_,:..J:::. -···'....'-.. > 

; 
.I. :.:> 1 ..... ::;:: -_7' c~: ··- · ) .. -. 

L4. CHLORI0~ ENTERING INCINE~ATOR r0s ~C!l 

CHLORIDE ENTERING INCINERATOR AS HCl= 97.2loo~ lh~'hr 

%EFFICIENCY= 90.90835% 
l ,.-::) , C .: f--~·i h' El I] t'-.1 t''i 1] 1 ..... 1 I] >< :~~ D 1:::: E~ 1v1 I ~:::> ~::3 I Cr 1'-..! (::; 

ppmv CO CORRECTED TO 12% C02= 0.976744 
ppmv CO CORRECTED TO 50% EXCESS AIR= 5. 78051 
CC E~ISSION= 1.276072E-02 lbm/hr 

.!. :: VOSf SAMPLE TRAIN GAS METERED 
Vmstd ~VOST)= 14.22778 lite~0 
18. POHC EMISSIONS--CC14 
ug/m3 CC14= 359.1567 
ppbv CC14= 56.13501 

. ~. "i" 
1···! I 

EMISSION RATE OF CC14= 7.875386E-04 lbm/hr 
1 '7'. F'-'l]!···IC Ei"1 I c:;;E; I Cli\\U -· - TTE 
ug/m3 TCE= .7028506 
ppbv TCE= .12861 
[J''I I :::;:3 I J.:)i"-1 h:Pr TE C::IF. TCE•:::: 1 .. ~:)'i 11 :.:-!. C ···<:)!::; i. tj :Tr /J··, r· 

20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 

~1. DESTRUCTION AND REMOVAL 
~DRE FOR TCE: 100 

TC~l:: 



XXXXXXXXXX--EPA METHOD-S BASED CALCULATIONS fOR 
1. VOLUME OF WATER COLLECTED 
, ..' ~."'.i ·::::. ·t. d === 1 ;:~ ,. ~-=.) ::~; ~s () cJ ~~ ·::; c + 

-./l]L_L.;r"'IE:: CJF. CiPt~~) f':'!f~l-EF;.:E~D, ::::~T-(i!\lC"•(\_r:::;::) ::(J!-...:C) .L ·r J: C :f' .. l~:~; 
VmEtd= 26.75489 dscf 
~. MOISTURE CONTENT 
Gwo= .3520242 % 

Md= 29.744 lbm;lb_mole 
5. MOLECULAR WEIGHT OF STACK GAS 
Ms= 25.~0983 lb/lb_mole 
,<:;. \/E:L.CJCTT'/ I]F 

OA- 1474.862 acfm 

wm= ~604.335 lbm/h~ 

% E/C~SS AIR= 73.59~3 
·I·! 
.! .. L " PERCENT ISOKINETIC 

., .... ,-:"" ,···,,··,,-··,,;;:· ":' 
, '· .: ... ::" .. ? ' .. ·'C)-.. ..1 /,, 

l ::~:" PARTICULATE CONCENTRATION 

gr/dscf CORRECIED TO 7% 02-
tb/nr= 1.661687E-02 

:b/dscf HCl= 4.592128E-08 
r:1 p r:i ·....... !···! c:: 1 ::::: 
.J. t::· , .... 1···; ~"'". t-Ic; 1 :.::: 

:i,-···,~:::·_.1 ·I···;.-~.:::· 

" ·'"'f·C:.·.-.!·•1· .l / ·.-.! 

.1. ·• J (! l .. ::: ... , )'::~ .... · 

CHLORIDE ENTERING INCINERATOR AS =1 

15. CHLORIDE REMOVAL EFriCIENCY 
, •• -, I f_,l(~/' ~~ -~::1 ",/ 

16. CARBON MONOXIDE EMISSIONS 
~pmv CO 20RRECTED TO 12% C02= 6.0~6744 

ppmv CO CORRECTED TO 50% EXCESS AIR= 5.~8651 

! ....... . ; •r 

'>< >~. >< >< >< ·:·-~- .\ >< .\ X ··~· ···-· ·1.::.: F;: t:: c: ,~:r 1.... L: L.t L. ,~~:i r I 1] !\I:;::; F:· CJ r;.: '-. __ / tJ ~3 ·r r::.· 1.. .. : l\l L. .. (:·~ ·--· 1 -·-!.. ' ···· .i i. ··· ·<: .":>. ~<. <. ..... :'' 

L7 VOST SAMPLE TRAIN GAS METERED AT DRY STANDARD CONDITION' 
Vmstd (VOSTl= 15.21298 liter 
18. PDHC EMISSIONS--CC14 
ug/m3 CC14= 378.6242 
ppbv CC14= 59.17772 
EMISSION RATE OF CC14= 8.302250E-01 lbm:h~ 
19. POHC EMISSIONS- ·TCE 
' . ..i.•.J / m ::::; T c; r:~ == () 

ppb,· fC::E:::" () 
E::r~l I ~~3~::3 I C:J!\1 Fr\ TF CJF. T!;E:::::: !) J. biT/ ;·,1· 

20. DESTRUCTION AND REMOVAL. EFFICIENCY OF CCli 
%DRE FOR CCl4= 99.99891 
:1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 
~DRE FOR TCE= 100 

......... '..:" :·-~ .. < .>< :x: _::( >:: >< _::. -.: 



1. VOLUME OF WATER COLLECTED 
wstd= 19.2639 wscf 

~- VOLUME OF GAS METERED, 
\_.· ! 1 t ·:::- t c:l ::::: ·:~; :::;; ,, .::~ E$ .. ~~ ::; 4 cl ·:::. c f 
3. MOISTURE CONTENT 
s~o= .3652046 X 
4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 2°.744 lbm/lb_mole 
5. MOLECULAR WEIGHT OF STACK GAS 

•o•N 

0. VELOCITY OF STACK GAS 
v~- 32.60381 ftlspc 

•· := rUTAL VOLUMETRIC FLOW OF STACK 

Qs~d~ 585.3075 dscfm 
8. OENSirY OF STACK 

% EXCESS AIR= 7 3.5053 
11. PERCENr ISDKINET!C 

"··· T ..... i ,", '/ ·I ·I ·I "·' 
:',, .L····· !. ·.t'·i·u .! .. 1. .!. • 

12. PARTICULATE CONCENTRAT[ON 
g~;dsct= 5.57583E-03 

,····:'.i'-
·.:·.:: .. ·!-::::. 

;·· ''•,('''• 

~ .:·.~ r· -~ ::J 

gr/dscf CORRECTED TO 7% 02= c.ol5302E-03 

l~. CHLORIDE EMISSIONS CAS HCll 
Lb/dscf HCl= 4.630540E-08 
ppmv HCI= .4894785 
lb/h~ HCl= 1.626176E-03 

c:: ~-II.... C:J F~.: I .DE: E: i\i ·r E:~ 1::;.: I r--.1 CJ I l\1 c· I !\IE: r::.~ (i ·r CJ h: ~.:·~ ~:::; C: 1 ··· ···· .:? -~.:.:-· " :3 -~;- ;J .::r ~-=~ 1 h iT! ,/ h (' 
CHLORIDE ENTERING INCINERATOR AS HCI= 100.6315 lbmlhr 
15. CHLORIDE REMOVAL EFFICIENCY 
% EFFICIENCY= 99.99838 % 
16. CARBON MONOXIDE EMISSIONS 

ppmv CO CORRECTED TO 50% EXCESS AIR= ,.. ,-··, ,-:•r·1·1 .. ,. 
(::} u 7·'·1·-.. :•::::) .\. ···' 

C C) [ 1··.-! I ~:~:, E:; I C:l !\I :::: J .. ~5 :::;; 1 ~~~ .-:l F~ E: ·-·· () :·:·:: 1 b in _/ h r ... 
/ / \ < ./ \ \X><\-···--· f) FE: C(:!!....C::I...Ji.._(:, T I Dr-.!~:; F~UH ')IJ::::: f h:Ui'l i ... (·:, ... i. ····· <,!---~:::, ....... :i ·· ;: .. : ':: //X\/ 
i. 7, ','ClhT hPd"lF'LE TF<Pt IN l-IAS !"IE~TEF::.'E::n (1T D!~:·! ::: f(ir·iDfd:::u C::CJ\\10 IT',: Lii'J':; 
Vmstd (VOSTl= 16.08477 lite~s 
18. POHC EMISSIONS--CC14 
ug/m3 CC14= 336.3431 
pp~v CC14= 52.56933 
EMISSION RATE OF CC14= 7.36976E-04 lbm/h~ 
19. POHC EMISBIONS--TCE 
U<:J/rn.::. TCE=-.:: U 
ppb .... 1 -rcE::::: c) 
EMISSION RATE OF TCE= 0 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
~DRE FOR CC14= 99.99904 
?1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 
/DRE FOR TCE= 100 

•••• >' ·' "·/ ••• . . '. ,·\ :'. :'. ,··. :'• .. 



XXXXXXXXXX--EPA METHOD-5 BASED CALCULATIONS FOR RUN LA-l-M5-2--XXXXXYXX!X 
1. VOLUME OF WATER COLLECTED 
:wstd= l9.2639 wscf 
-· VOLUME OF GAS METERED, STANDARD CONDITIONS 
Vmstd= 33.48434 dscf 
3. MOISTURE CONTENT 
8wo= .3652046 % 
4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 29.744 lbm/lb_mole 
5. MOLECULAR WEIGHT OF STACk GAB 
Ms= 25.45504 lbllb_mole 
6. VELOCITY OF STACK GAS 

, . TOTAL VOLUMETRIC FLOW OF ,·····T' _.· .. 1'''•/,·· 
-::::. 1 f'·1 r ..... r .. 

OA= 1520.577 ~cfm 
Ostd= 555.3075 dsc0m 
8. DENSIT~ OF STACK 

Qm= 3654.2~5 lbm/hr 
10. EXCESS COMBUSTION AIR IN STACK GAS 

···:·· ··;r• J:;:· ,.--, J:.-:· -:·· 
•' .. :• " ·-~i ·-.:· · .. J . _ _.:, 

11. PERCENT ISOKINETIC 
:-'~ I ::::; 1 () ,..l .. 1 :L :!. '.'...;; 
1~ PARTICULATE CONCENTRATION 

1-J j·- ...... c:l ·:3 c ·+ ···- :::; u :::_:_; ·:.: .. :_~_:_; :::3 :::;; ~:::: ..... 1.) ::::; 

(J r· ,./ d ~:. c + c: U h: f.:;_~ E:~ C:: ··r E~ )J .. ! .. [! ) .. ·:.:;, CJ ~;? ::::: 6 .. {:) l 5 ·:::, ~~;. :~·:·: E: ····· (::) ::~; 
lbthr= .02797~5 

lb/dscf HCl= 4.6~0546E-08 

ppmv HCl= .4894785 
lb/hr HCl= 1.626176E-03 
14. CHLORIDE ENTERING INCINERATOR (as HCll 
CHLORIDE ENTERING INCINERATOR AS Cl-= 97.87068 lbm/hr 
CHLORIDE ENTERING INCINERATOR AS HCl: 100.6315 lbm/hr 
15. CHLORIDE REMOVAL EFFICIENCY 
% EFFICIENCY= 99.99838 % 
16. CARBON MONOXIDE EMISSIONS 
ppmv CO CORRECTED TO 12% C02= 8.372093 
ppmv CO CORRECTED TO 50% EXCESS AIR= 6.943813 
CO EMISSION= 1.531248E-02 lbm/hr 
XXXXXXXXXX--DRE CALCULATIONS FOR VOST RUN LA-1-V-6--XXXXXXXXXX 
17. '/i~)':)T :::::AMF'LE TF:AIN GAS METTF:f~D 1'"-YT f)F:Y (:;r,'.\1\jD(;FU) CU~,JC•I fiCH·~b 

Vmstd (VOSTl= 16.12798 liters 
18. POHC EMISSIONS--CC14 
ug/m3 CC14= 335.4419 
ppbv CC14= 52.42848 
EMISSION RATE OF CC14= 7.350014E-04 lbm/hr 
19. POHC EMISSIONS--TeE 
ug/m3 TCE= 8.680568 
ppbv TCE= 1.5884 
EMISSION RATE OF TCE= 1.902037E-05 lbm/hr 
20. DESTRUCTION AND F:EMOVAL EFFICIENCY OF 
%DRE FOR CC14= 99.99904 
21. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 
~DF:E FOR TCE= 99.99994 



XXXXXXXXXX--EPA METHOD-5 BASED CALCULATIONS roR RUN LA-1-M5-3--XXXXXXXXXX 
l. VOLUME OF WATER COLLECTED 
!wstd= 18.7929 wscf 
~- VOLUME OF GAS METERED, STANDARD CONDITIONS 
Vmstd= 32.55247 dscf 
3. MOISTURE CONTENT 
Bwo= .3660096 % 
4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 29.744 lbm/lb mole -·-
5. MOLECULAR WEIGHT OF STACK BAS 
Ms= 25.44558 lb/lb_mole 
6. VELOCITY OF STACK 
Vs= 31.4454~ ft/sec 
7. TOTAL VOLUMETRIC FLOW OF 

() ·:::. t. cj ::::: :::: .. - /1 !:::· -····, ··-:·· ·I __ ; ··- -·- i' .... 
-••• .1 (J "·J· ,. · .. J .• :.. / .1. U ·:::;. f __ , T :~I 

8. DENSITY OF STACK GAS 

Qm= 3527.691 lbm/h~ 

10. EXCESS COMBUSTION AIR 
% EXCESS AIR= 73.5953 
11. PERCENT ISOKINETIC 

,-··. , .. ~ ·._ .. --. i ,.· 
:::) ! !•••!!...~ 1'·._ 

12. PARTICULATE CONCENTRATION 
gr/dscf= 8.721673E-03 

!'''. ,r, ;-. 
t:'.'f-!-.::: 

gr/dscf CORRECTED TO 7% 02= 1.0347~5E-02 

lb/hr= 4.220246E-02 
3. CHLORIDE EMISSIONS CAS HCll 
~b/dscf HCl= 4.512413E-08 
ppmv HCI= .4769912 
lb 1 hr HCl= 1.528428E-03 

CHLORIDE ENTERING INCINERATOR AS Cl-~ 97.87068 lbm/hr 
CHLORIDE ENTERING INCINERATOR AS HCl= 100.6315 lbm/hr 
15. CHLORIDE REMOVAL EFFICIENCY 
% EFFICIENCY: 9Q.99849 % 
16. CARBON MONOXIDE EMISSIONS 
ppmv CO CORRECTED TO 12% C02= 16.74419 
ppmv CO CORRECTED TO 50% EXCESS AIR= 13.88763 
C~ EMISSI~N= 2.953768E-02 lbm/hr 
XX/XXXXXXX--DRE CALCULATIONS FOR VDST RUN 0--XXXXXXXXXX 
17. VOST SAMPLE TRAIN GAS METERED AT DRY STANDARD CONDITIONS 
Vmstd CVOST>= .8311138 liters 
18. POHC EMISSIONS--CC14 
1 .• J.•} / rn:=: CC 1 4::::: 0 
ppt:•v C:::C:J.4~-:: •) 
EMISSION RATE OF CC14= 0 lbm/hr 
19. POHC EMISSIONS--TeE 
'..i.CJ / cn3 TCE= 0 
ppt1\/ TCE:o:: 0 
EMISSION RATE OF TCE= 0 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
YORE FOR CC14= 100 
~1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 

.:.DFE 1::·oR TCE~::::: !. '10 



XXXXXXXX\X--EPA METHOD-5 BASED 
l. VOLUME OF WATER COLLECTED 

CALCULATIONS FOR RUN LA-2-MS-1--XXXXXXxXXX 

'wstd= 14.30898 wscf 
2. VOLUME OF GAS METERED, STANDARD CONDITIONS 
Vmstd= 20,792 ·dscf 
3. MOISTURE CONTENT 
Bwo= .3244594 % 
4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 29.696 lbm/lb_mole 
5. MOLECULAR WEIGHT OF STACK GAB 
Ms= 25.90112 lb/lb_mole 
b. VELOCITY OF STACK GAS 

, . TOTAL VOLUMETRIC FLOW OF STACK 

Qs~d= 540.894 dscfm 
8. DENSITY OF STACK GAS 
DENSirY= 4.050001E-02 lbm;ft3 
.:::) .. 1·~1 (~i ~:;:: ~~::; r::· !.... (] (.;,.J f~.: {:, T E~: I] F. :~; T {1 C: I< l.::.~ t·i ·-::: 

Om= 3282.631 lbm/hr 

,. .. , ...... ,.. ... 
! . .":.! :~·1 :_:) 

.!. C> n E ::< c:: E:. ~;:) ~;:; C:: CJ r:·! E~ LJ ~3 T I fJ r·-.1 (:·, I F: I ! ..... l ~:) ·r r;: :·1< t.:·3 ,~·:, :3 
% EXCESS AIR= 93.33710 
'., 

J . . !. :1 PERCENT ISOKINETIC 
·.::~ I:::: 

,···,,-··, 1::.-,--, / ·! ·! "/ 
··.:C) •: · .. J 7 CJ .! . .J. /u 

·! :···, 

-~ .-~: •• II PARTICULATE CONCENTRATION 
gr/dsc~= 1.035849E-02 
gr/dscf CORRECTED ·ro 7% 02= 1.368102E-u2 
lblhr= 4.882345E-02 
t3. CHLORIDE EMISSIONS CAS HCll 
ib/dscf HCl= 4.238121E-08 
ppmv HCl= .4479967 
lblhr HCl= 1.39831E-03 
14. CHLORIDE ENTERING INCINERATOR (as HClJ 
CHLORIDE ENTERING INCINERATOR AS 
CHLORIDE ENTERING INCINERATOR AS 
15. CHLORIDE REMOVAL EFFICIENCY 
% EFFICIENCY= 99.99862 % 
16. CARBON MONOXIDE EMISSIONS 

HC::l :::: 

ppmv CO CCRRECTED TO 12% C02= 7.5 
ppmv CO CORRECTED TO 50% EXCESS AIR= 6.444573 
CO EMISSION= 1. 198835E-02 lbm/h~ 

1 b:-ni··r--,,.-
1 hrn/J···,r· 

~XXXXXXXXX--DRE CALCULATIONS FOR VOST RUN LA-2-V-1--XXXXXXXXXX 
17. VOST SAMPLE TRAIN GAS METERED AT DRY STANDARD CONDITIONS 
Vmstd (VOSTl= 15.89277 lite~s 
18. POHC EMISSIONS--CC14 
ug 1 m3 CC14= 3.964067 
ppbv CC14= .6195708 
EMISSION RATE OF CC14= 8.160311E-06 lbm/hr 
19. POHC EMISSIONS--TCE 
ug/m3 TCE= .629217 
ppbv TCE= . 1151363 
EMISSION RATE OF TCE= 1.295288E-06 lbmth~ 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
%DRE FOR CC14= 99.99999 
~1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 
%ORE FOR TCE= 100 



XX\XXXXXXX--EPA METHOD-5 BASED CALCULATIONS FOR RUN LA-2 -M5-1--XXXXXXXXXX 

'wstd= 14.30898 wscf 
2. VOLUME OF GAS METERED, STANDARD CONDifiONS 
Vmstd= 29.792 .dscf 
3. MOISTURE CONTENT 
Gwo= .3244594 % 
4. MOLECULAR WEIG~T OF DRY GAS STREAM 
Md= 29.696 lbm/lb mole --
::;, r·'IDU~C:UL_P,R I,1.JE I G!··fT DF ::::JT(.:;CI< l3i.'i:::~ 

Ms= 25.90112 lb/lb_mole 
6. VELOCITY OF STACK GAS 
Vs= 28.96515 ftlsec 

QA= 1350.877 acfm 
Qstd= 549.894 dscfm 
8. DENSITY OF STACK GAS 

9. MASS FLOW RATE OF STACK GAS 
Qm= 3282.631 lbm/hr 
10. EXCESS COMBUSTION AIR IN STACK GAB 
% EXCESS AIR= 93.33716 
11. PERCENT ISOKINETIC 

12. PARTICULATE CONCENTRATION 
gr/dscf= 1.035849E-02 
gr/dscf CORRECTED TO 7% 02= l.3G8102E-02 
lb/hr= 4.882345E-02 
~3. CHLORIDE EMISSIONS fAS HCll 
ib/dscf HCl= 4.238121E-08 
ppmv HCl= .4479967 
lb/hr HCl= l.39831E-03 
14. CHLORIDE CNTERING INCINERATOR C2s 
CHLUh: I :DE: E!'~ TEh: I I\!C3 I l'JC I J".JEF:n TUh: :~:; C l ···:c" 

HC'l) 

CHLORIDE ENTERING INCINERATOR AS HCl= 102.1357 lbm. hr 

.·-·,r··, r··,,~·,r-·,.: ····, 11 / 

'7 '7 .. 7 7 CJ C.l . .::. /~ 

16. CARBON MUNOXIDE EMISSIONS 
ppmv CO CORRECTED TO 12% C02= 7.5 
ppmv CO CORRECTED TO 50% EXCESS AIR= 6.444573 
CD EMISSION= 1.198835E-02 lbm/hr 
XXXXXXXXXX--DRE CALCULATIONS FOR VOST RUN LA-2-V-~--XXXXXXXX~A 
17. VOST SAMPLE TRAIN GAS METERED AT DRY STANDARD CONDITIONS 
Vmstd (VOST)= 16.51317 liters 
18. POHC EMISSIONS--CC14 
UtJ/m.~:;; D::::l·4::::: 0 
ppbv cc:t.:].:::: u 
EMISSION RATE OF CC14= 0 lbm/hr 
19. POHC EMISSIONS--TeE 
l.J•.J ./ (n::: TC:E=: 0 
p p h ......... ·r c:: r::: ::::: () 

EMISSION RATE OF TCE= 0 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
XDRE FOR CC14= 100 
?1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 
\ORE FOR TCE= 100 



XXXXXXXXXX--EPA METHOD-5 BASED CALCULATIONS FOR 
l. VOLUME OF WATER COLLECTED 

! l .... J -~:; t. d ::::: 1 4 " . .:-:j.S Cf'? ll·..i ~5C .f 
2. VOLUME OF GAS METERED, STANDARD CONDITIONS 
Vmstd= 30.78314 dscf 

MOISTURE CONTENT 

4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 29.696 lbm/lb_mole 
5. MOLECULAR WEIGHT OF STACK BAS 
Ms= 25.95793 lb/lb mole -· 
6. VELOCITY OF STACK GAS 

,, TOTAL VOLUMETRIC FLOW nF STACK GAS 
i ··:-· t:::· c:· ,.. .. , / ''7 ·- ·-· ,.. . .•• 
. ! ... > ... ..1 ,_,!,. ··:- C:) / -:::t. L. 'T !!I 

C:)·:::,t.c:l·::: 
8. DENSITY OF STACK GAS 

10. EXCESS COMBUSTION AIR IN STACk GAS 
% EXCESS AIR= 93.33716 
11. PERCENT ISOKINETIC 

L2. PARTICULATE CONCENTRATION 
gr/dscf= 8.621474E-03 
gr/dscf CORRECTED TO 7% 02= 1. 138685E-02 
: b ....... h f- ::::: " (!.if()..:~.::_:;::~·:·: ~=3 

.3. CHLORIDE EMISSIONS (AS HCl! 
lb!dscf HCl= 1.868945E-C6 
p p iTi\/ 1··-!C: 1 :::: 
J h !h!·- HCJ. :::: 
:t .::J. , c·: ·! i .... {J 1:::_· I [) E: E:: r,l-1"" E= r:.~ I r'.i CJ I l\l C:: I l\l E:: r:;.: P! ·r U F~· { .::-:;_ ·::; !···! C: J. ) 

LA-~-M5-2--Yxj~~~xxxx 

CHLORIDE ENTERING INCINERATOR AS Cl-= 98.30243 Ib,nlhr 
CHLORIDE ENTERING INCINERATOR AS HCl= 101.07 54 lbm/hr 
15. CHLORIDE REMOVAL EFFICIENCY 
% EFF[CJENCY= 99.9392L % 
16. CARBON MONOXIDE EMISSIONS 
ppmv CO CORRECTED TO 12% C02= 9 
ppmv CO CORRECTED TO 50% EXCESS AIR= 7.733487 
CO EMISSION= 1.43352~E-02 lbm/hr 
XXXXXX/\XX--DRE CALCULATIONS FOR VOST RUN LA-2-V-~ -XXXXYX/XXX 

Vmstd (VOST)= 15.89837 liters 
18. POHC EMISSIONS--CC14 
u.g / m~~; CCJ. 4:~-:: 0 
p f') b 'I c:c:: 1 .q.:::: () 
EMISSION RATE OF CC14= 0 lbm/hr 
19. POHC EMISSIONS--TCE 
ug/m3 TCE= .6289954 
ppbv TCE= . 1150957 
EMISSION RATE OF TCE= 1.29026E-06 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
··:DFi:E: FCJF~ CCJ..<:j.:::: :1.0() 
~1. DESTRUCTION AND REMOVAL EFFICIENCY OF 
%ORE FOR TCE= 100 

··r·r--r·-
11.. .... 1::. 



XXXXXXXXXX--EPA METHOD-5 EASED CALCULATIONS FOR RUN LA-2-M5-2--XXXxXXXX/X 
1. VOLUME OF WATER COLLECTED 
~std= 14.4597 wscf 

, • '/IH ... l.HIC UF G{;::; METEHED, f::JT:'i!\II)(.:;r:;:D C::CJr-fD IT I tJri::; 
Vmstd= 30.78314 dscf 
3. MOISTURE CONTENT 

4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 29.696 lbm/lb_mole 
5. MOLECULAR WEIGHT OF STACK GAS 
Ms= 25.95793 lb/lb_mole 
6. VELOCITY OF STACK GAS 
Vs= 29.07429 ft/sec 

TOTAL VOLUMETRIC FLOW OF 
GA= 1355.967 acfm 
Qstd= 547.9528 dscfm 
B. DENSITY OF STACK GAS 

Qm= 3254.815 lbm/hr 

% EXCESS AIR= 93.33716 

,. .... ·-r· ,:'. ,··~.! .· 
::J ! ~ .. II.... !"•. 

12. PARTICULATE CONCENTRATION 
gr/dscf= 8.621474E-03 
grldscf CORRECTED TO 7% 02= 1. 13B685E-02 
1• b ....... h ,.- ::::: " () .. :j. () ,,q, (? :·:? :::3 

3. CHLORIDE EMISSIONS CAS HClJ 
lb/dscf HCl= 1.868945E-06 
ppmv HCl= 19.75596 
lb/hr HCl= 6. 144563E-02 
14. CHLORIDE ENTERING INCINERATOR (as HCll 
CHLORIDE ENTERING INCINERATOR AS Cl-= 98.30243 lbm/hr 
CHLORIDE ENTERING INCINERATOR AS HCl= 101.0754 lbmlhr 
15. CHLORIDE REMOVAL EFFICIENCY 
% EFFICIENCY= 99.93921 % 
16. CARBON MONOXIDE EMISSIONS 
ppmv CO CORRECTED TO 12% C02= 9 
ppmv CO CORRECTED TO 50% EXCESS AIR= 7.733487 
CO EMISSION= 1.433523E-02 lbm/hr 
XXXXXXXXXX--DRE CALCULATIONS FOR VOST RUN LA-2-V-4--XX(XXXXXXX 
17. VOST SAMPLE TRAIN GAS METERED AT DRY STANDARD CONDITIONS 
Vmstd (VOST)= 15.52461 liters 
18. POHC EMISSIONS--CC14 
ug/m3 CC14= 76.65251 
ppbv CC14= 11.98054 
EMISSION RATE OF CC14= 1.572376E-04 lbm/hr 
19. POHC EMISSIONS--TCE 
ug/m3 TCE= 10.56388 
ppbv TCE= 1.933014 
EMISSION RATE OF TCE= 2.166971E-05 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
%DRE FOR CC14= 99.99979 
:1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 
\DRE FOR TCE= 99.99993 



/XXXX:\vXX--EPA METHOD-5 BASED CALCULATIONS FOR RUN 
1 • VOLUME OF WATER COLLECTED 

I i_ .... j s~ t ci :::: l. ·'"+ .. 15t:::2c·, ~"\isc ·f 
.... " \) C1 l._ : .... ~ l'~·1 F: C:) F' [-],C1 f) ~:1 E: 1·· t~ F: t::. 0 , ~3 T (::, r·-; ~> (~ 1::;_~ C) c:· i] r) [) J: T- I t] t'--.i ~:; 

Vmstd= 30. 10018 dscf 
3. MOISTURE CONTENT 
Bwo= .3198997 % 
4. MOL~CULAR WEIGHT OF DRY GAS STREAM 
Md= 29.696 lbm/lb mole -
5. MOLECULAR WEIGHT OF STACK GAS 
Ms= 25.95445 lb/lb mole --
6. VELOCITY OF STACK GAS 
~- _.~ ~::;_ ==::= :z c:~ .. D .:-.J. () i~. :.? -;:: t. _ ...... •:::. ~~:=.· c:: 

TOTAL VOLUMETRIC FLOW OF STACK GAS 
0~= 1345.00 0cfm 

9. MASS FLOW RATE OF STACK GAS 

EXCESS COMBUSTION AIR I 1\l ·:; T ,·:, C I< 
~:. c::<c:c:~·:;,:; (:, r r~::= ·;:. :~. :::::::? t c) 
11. PERCENT ISOKINETIC 
.r,J.--·- L()J." :;?~?-:!. ..... 
12. PARTICULATE CONCENTRA~ION 
g~/dscf~ 1. 158525E-02 
gr/dscf CORRECTED TO 7% 02= 1.530127 E-02 

l3. CHLORIDE EMISSIONS <AG HCll 
lh/dscf HCl= l.300532E-05 
ppmv HCl= 137.4746 
lb!h~ HCJ.= .4220803 
14. CHLORIDE ENTERING INCINERATOR (as HCll 

I /\ 
!. ... 1••"1''''' 

CHLORIDE ENTERING INCINERATOR AS Cl-= W8.9GwH; lbm/h~ 

15. CHLORIDE REMOVAL EFFICIENCY 
% EFFICIENCY= 99.58531 % 
16. CARBON MONOXIDE EMISSIONS 
ppmv CO CORRECTED TO 12% C02= 10.5 
ppmv CO CORRECTED TO 50% EXCESS AIR= 9.022401 
CO EMISSION= .0165094 lbm/hr 

... 1'-'1 ~-~j ..... :~:; ··-· ...... .... 

XXXXXXXXXX--DRE CALCULATIONS ~OR VOST RUN LA-2-V-5--XXXXXX/\/X 
17. '\/CJ::::;T ::::;r::ii'1F'LE TRP, I 1\1 GA~) 1'·1ETF:F.ED p, r iJF''/ ·:;rr:;r>ID(::F:L\ CUI">Il:) .iT I Drr3 
Vmstd (VOST)= 15.91261 lite~s 

18. POHC EMISSIONS--CC14 
ug/m3 CC14= 287.822 
ppbv CC14= 44.98564 
EMISSION RATE OF CC14= 5.828188E-04 lbm/hr 
19. POHC EMISSIONS--TCE 
ug/m3 TCE= 7.226971 
ppbv TCE= 1.322416 
EMISSION RATE OF TCE= 1.46341E-05 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
.DRE FOR CC14= 99.99925 
.1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 
;:,DF:E F"CJF;: TCC::::: ')·:~. '79996 

........... ./'•./ 
·--··-. .:\--\?\/'-./\/\ 



XXXXXXXXXX--EPA METHDD-5 BASED CALCULATIONS FOR RUN LA-2-M5-3--XXXXXXXX\X 
1. VOLUME OF WATER COLLECTED 
'wstd= 14. 15826 wscf 
:. VOLUME OF GAS METERED, STANDARD CONDlfiONS 
Vmstd= 30.10018 dscf 
3. MOISTURE CONTENT 
Gwa= .3198997 % 
4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 29.696 lbm/lb_male 
5. MOLECULAR WEIGHT OF STACK BAS 
Ms= 25.95445 lb/lb mole -
-:·:.,. 1.../J::::L .. C)C~ I TV CJF. ::::;·T·(.~·,C:\-::: 

, .......... ,--·. 
1.:.:.1 ~- ··j :.::) 

~s= 2s.sao42 ft/sec 
TOTAL VGLUMETRIC FLOW OF STACk 

Qstd= 540.0073 dscfm 
8. GENSJTY OF STACK GAS 

9. MASS FLOW RATE OF SlACK 
om~ 3213.9a lbm/hr 

% EXCESS AIR= 93.33716 
11. PERCENT ISOKINETIC 

~~ PARTICULATE CONCENTRATION 
·i ·t ;:::·,····.::::·····;;;::-r··· .. --,..--, 
.:. " .L · ... .i •:.:::: · .• ) .• ::. · .. ..! c:. ·--· '·..! .. ::. 

,.. ...... ·. ,····-
' .) ~---~ -~::· 

; .. · .. :· .. !-·· 
·.:-.'! ... ,.::; 

grldscf CORRECTED TO 7% 02= 1.530127E-02 
lbihr= 5.371324E-02 

t._ :~:; .: C:: ~---i L_ !] F~ I [; t:: 1::: I"-~ I r~ ~:> I [; l\l ~:; ( (-~t ~:) 1 .. -; l :: 1 J 

lb/dscf HCl= 1.300532E-05 
ppmv HCl= 137.4746 
lb!hr HCl= .4220803 
14. CHLORIDE ENTERING INCINERATOR r0s HC1 1 

15. CHLORIDE REMOVAL EFFICIENCY 
% EFFICIENCY= 99.58531 % 

ppmv CO CORRECTED TO 12% C02= 10.5 
~pmv CO CORRECTED TO 50% EXCESS AIR= 0 .022401 
CO EMISSION= .0165094 lbm/hr 
xXXXXXXXXX--DRE CALCULATIONS FOR VOST . ·; \,/ · ..•. · ...... \J \.·· v 

...... '\ :\ ,\ :'\ :\ !\ .... :\ ·\ _.'\ 

17. VOST SAMPLE TRAIN GAS METERED AT DRY STANDARD CONDITIONS 
Vmstd <VOSTl= 14.06185 liter~ 
18. PDHC EMISSIONS--CC14 
uglm3 CCl4= 402.5075 
ppbv CC14= 62.9106 
EMISSION RATE OF CC14= B. 150487E-04 lbm/hr 
19. POHC EMISSIONS--TCE 
ug/m3 TCE= 7.822583 
ppbv TCE= 1.431403 
EMISSION RATE OF TCE= 1.584017E-05 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
%DRE FOR CC14= 99.99896 

·.·. J.. DEE:lTPUCT J Ul'·l 
.Dl::;:E FCJFI TCE="' .. ~-,,-·; ,-··,,--, r·;r··, ... 

77.7777CJ 

TC:E: 



XXXXXXXXXX--EPA METHOD-5 BASED CALCUL0TIONS FOR RUN LA-3-M5-1--XXXXXXX/XX 
1. VOLUME OF WATER COLLECTED 

2. VOLUME OF GAS METERED, STANDARD CONDfTIGNS 
Vmstd= 34.29146 dscf 
3. MOISTURE CONTENT 
Bwo= .3540195 % 
4. MOLECULAR WEIGHT OF DRY GAB STREAM 
Md= 29.684 lbm/lb_mole 
5. MOLECULAR WEIGHT OF STACK GAS 
Ms= 25.54764 lb/lb mole 
6. VELOCITY OF STAC~ GAS 
Vs= 33.09064 ft/sec 
'· TOTAL VOLUMETRIC FLOW OF STACK uH~ 

0A= 1543.281 acfm 

8. DENSITY OF STACK GAS 

9. MASS FLOW RATE OF STACK ,·· ..... ,···. 
r:..rl···!-::) 

Qm= 3668.643 lbm/hr 
10. EXCESS COMBUSTION AIR 
\ EXCESS AIR= 87.66143 
11. PERCENT IBOKINETIC 

12. PARTICULATE CONCENTRATION 

'b/hr= 6.112416E-02 
.3. CHLORIDE EMISSIONS (AS HCll 
lb/dscf HCl= 7.065262E-06 
ppmv HCl= 74.68436 
lblhr HCl= .2525676 
L 't·., C!-!L.Uh:IDE::: Er./rEh:ll\/!3 li•!Cii'IL:!;·i:,rc:rF;: <.: •. :;; i·!C:L • 
CHLORIDE ENTERING INCINERATOR AS Cl-= 65.16957 lbm/hr 
CHLORIDE ENTERING INCINERATOR AS HCl= G' 0079 lbm/hr 
l5. CHLORIDE REMOVAL EFFICIENCY 
% E~FICIENCV= 99.62307 % 
16. CARBON MONOXIDE EMISSIONS 
pp!Tiv CD CDF<f~:ECT'ED TU 1~~:,~ CCI:?:::: ,, 
ppmv CO CORRECTED TO 50% EXCESS AIR= 0 
CO EMISSION= 0 lbm/hr 
XXXXXXXXXX--DRE CALCULATIONS FOR VOST RUN LA-3-V-1 -YYXXXXXXXX 
17. VUST SAMPLE TRAIN GAS METERED Af DRY STANDARD CONDITIONS 
Vmstd <VOST>= 15.38089 liters 
18. POHC EMISSIONS--CC14 
ug/m3 CC14= 141.0842 
ppbv CCI4= 22.051 
EMISSION RATE OF CC14= 3.14675~E-04 lbm/hr 
19. POHC EMISSIONS--TeE 
ug/m3 TCE= 15.01864 
ppbv TCE= 2.748162 
EMISSION RATE OF TCE= 3.349773E-05 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
\ORE FOR CC14= 99.99937 

1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 
~DRE FOR TCE= 99.99986 



XXXXXXXXXX--EPA METHOD-5 BASED CALCULATIONS FOR RUN LA-3-M5-1 (/XXXXX!f~ 

1. VOLUME OF WATER COLLECTED 
'wstd~ 18.7929 wscf 
:. VOLUME OF GAS METERED, STANDARD CONDITIONS 
Vmstd= 34.29146 dscf 
::. 1'1iJ 1 ·::;T!.n::.:E Ci.JNTErH 
Bwo= .3540195 % 
4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 29.684 lbm/lb_mole 
5. MOLECULAR WEIGHT OF STACK ~AS 
i'l:,.::::: 27:'.;. ::;-:l"/.;C.)·:~I- 1 b / l i:j __ 1fiC•J. f.~ 

h. 'v'i:::u::;c I T'Y CJF ·:; r ,.·~c:>< ~~;::1::3 

TOTAL VOLUME~RIC FLOW OF ,--.·T· r-. •.... , · 
:::; i r··1 1 .••• -r· 

0A= 154~.281 acfm 
;_-;· , ..• , !;:;' ·--~- ..--·, . ''7 ... J ••••.••• ,.. ··-
. __ } ·-x ... J" / ·-,r ~::) / I,.J ~=-'~ .. T !!I 

S. DENSITY OF STACK GAS 
DENSITY= 3.961951E-02 lbm/ft3 
.::_~.:· It r .. -, f:.·~ [) ~~:; :::· L.. [1 ~ ... j h~ (;'.':·, ·r ::::: C:) r::· '::; r r:.·~ t:::: j.:· C3 (.':·, ~-~) 

Om= 3666.t~3 lbmlhr 
10. EXCESS COMBUSTION AIR IN STACK GAS 
% EXCESS AIR= 87.66143 
11. PERCENT ISOKINETIC 

·.>';', I ::::: J ('; 4 n ').- .(~~- ::~:; :~_:_:j =_:..;, 

12. PARTICULATE CONCENTRATION 
gr/dscf= .0119691 
gr/dscf CORRECTED TO 7% 02= 1.537316E-C2 

3. CHLORIDE EMISSIONS CAS HCll 
lb/dscf HCI= 7,065262E-06 
pprli\/ !···1[1.-~-:: 

.!. !:::. / h :--· HC: 1 := 
14. CHLORIDE ENTERING INCINERATOR !as HCll 
CHLORIDE ENTERING INCINERATOR AS Cl-= 65.16957 lbm!hr 
CHL.ClF: I DE E:r·ITt::i;: Inc:; I }\IC I r·1E.F!iiTC)F\ i·'1:::; l··iCJ '" b /. UU .. · '>',.: li:::•IT!f!·~~--

15. CHLORIDE REMOVAL EFFICIENCY 
X EFFICIENCY= 99.62307 % 
16. CARBON MONOXIDE EMISSIONS 
p p rn ......... l .. :·C) C !.::! h~ F:.: E: c: ·r F: I) T (] l :2 ~/: c: CJ ·2 ::::: ·J 
ppmv CO CORRECTED TO 50% EXCESS AIR= 0 
CO EMISSION= 0 lbm/h~ 

XXXXXXXXXX--DRE CALCULATIONS FOR VOST RUN LA- ~-v 2--XXXXXXXXX~ 
!. > • 'v' U ::; T ':3 P1 r1 F' l... E TF~J-1 I N E:! (1 ':3 1'1 E: T ET;.: E: D (:·! T t+.: '/ ::; r ,::'d\l!J A F;: D C U !'.! D I ·1 ... T U I\ I.;_:; 
Vmstd (VOST)= 15.5217 liters 
18. PUHC EMISSIONS--CC14 
ug/m3 CC14= 143.6698 
ppbv CC14= 22.45513 
EMISS[ON RATE OF CC14= 3.204427E-04 lbm/hr 
19. PUHC EMISSIONS--TCE 
ug/m3 TCE= 15. 14009 
ppbv TCE= 2.770387 
EMISSION RATE OF TCE= 3.376863E-05 lbm/hr 
20. DESTRUCTION AND REMOVAL 
·:.ORE f=-UF~ CC l f.!.~.:.~ 7··7. r;;·c?9~~::5 

.. -.;-·., .'l 
L.-L ... l. '-f• 

~1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 
~DRE FOR TCE= 97.99986 



XXXXXXXXXX--EPA METHOD-5 BASED CALCULATIONS FOR RUN LA-3-M5-2--tXXX\XXX\\ 
1. VOLUME OF WATER COLLECTED 
·wstd= 22.86234 wscf 
. ')CJL.i.JI'·!C iJF f::i(i:::; I"IETEF<E:D ~ (:!Ti1!'iDP,F:D C:LJ!\IC• IT f. C:r:·::; 

Vmstd= 35.05499 dscf 
!'•l:l I·.: TI...JFi.E CONTENT 

Bwo= .3947409 % 
4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 20.616 lbm/lb mole 
5. MOLECULAR WEIGHT OF STACK 
Ms= 25.03069 lb/lb_mole 
6. VELOCITY OF STACK GA3 
Vs= 35.46793 ftlsec 

TOTAL VOLUMETRIC FLOW OF 
QA= 1654. 154 acfm 
iJ -~~- t:. d ::~ 

B. DENSITY OF STACK GAS 

~-·. /\ ,. .... 
l.:.J !••·J.:J 

DENSIT/= 3.917~61E-C2 lbm!ft~ 

% EXCESS AlR= 85.08031 
11. PERCENT ISOKINETIC 

I 1\1 :::; T (:,c I< 

12. PARTICULATE CONCENTRATION 
qr/dscf= 1.646219E-02 

( ......... ;-·. 
1.:.J r-! ~:::: 

gr/dscf CORRECTED TO 7% 02= 2.095188E-02 
lb/hr= 8.520066E-02 
3. CHLORIDE EMISSIONS (AS HCll 
~b/dscf HCl- 3. 122017E-06 
ppmv HCl= 33.00173 
lb/hr HCl= .1131068 
14. CHLORIDE ENTERING INCINERATOR (as HCll 
CHLORIDE ENTERING INCINERATOR AS Cl- 73.44641 lbmlhr 
CHLORIDE ENTERING INCINERATOR AS HCl= 75.51823 lbm/hr 
15. CHLORIJE REMOVAL EFFICIENCY 
% EFFICIENCY= ~9.35022 % 
16. CARBON MONOXIDE EMISSIONS 
ppmv CO CORRECTED TO 12% C02= 7.894737 
ppmv CO CORRECTED TO 50% EXCESS AIR= 6. 16~344 
CO EMISSION= 1.316383E-02 lbm/hr 
XXXXXXXXXX--DRE CALCULATIONS FOR VOST RUN LA-3-V-3--XXXXXXXXXX 
17. VOST SAMPLE TRAIN GAS METERED AT DRY STANDARD CONDITIONS 
Vmstd (VOST>= 15.33617 liters 
18. POHC EMISSIONS--CC14 
ug/m3 CCl4= 369.0622 
ppbv CC14= 57.68322 
EMISSION RATE OF CC14= 8.34235E-04 lbm/hr 
19. POHC EMISSIONS--TCE 
ug/m3 TCE= 80.85463 
ppbv TCE= 14.79506 
EMISSION RATE OF TCE= 1.827653E-04 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
%DRE FOR CC14= 99.99851 
21. DESTRUCTION AND REMOVAL. EFFICIENCY OF TCE 
%DRE FOR TCE= ·?9.99933 



XXXXXXXXXX--EPA METHOD-5 BASED CALCULATIONS FOR RUN LA-3-M5-2--XXXX 
1. VOLUME OF WATER COLLECTED 
!wstd= 22.86234 wscf 

,: ... , './Cil..t.JI~1F: (JF:.- (:I PtE) 1"1t::·TEF~ED, f:) .. ,. Pll\!L)(iF'.f> C.C.J!\I)J J. ·r T C)r·-.!~:) 
Vmstd= 35.05499 dscf 
3. MOISTURE CONTENT 
Bwc= .3947409% 
4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 29.616 lbm/lb_mole 
5. MOLECULAR WEIGHT OF STACK GAS 
Ms= 25.03069 lb/lb mole ·-
6. VELOCITY OF STACK GAS 
Vs= 35.46793 ft;sec 

···,..-· ...... . 
'.:.:r··:-· 

::;: ::;t.cl "" 
8. DENSITY OF STACK 1 ·.·.f. 

·-~'.! ~ .. ,.:::) 

DENSITY= 3.917261E-02 lbm;fj 
9. MASS FLOW RAlE OF 
0m= 3887.851 lbm/hr 

,··· .. --.:··· 
,_ .... , ... ,:! 

10. EXCESS COMBUST[ON AIR IN STACK GAS 

11. PERCENT ISOKTNEr!C 
"/ T --·- i .··.,~;;;· .· 1:::· .·1 :···, :o,: 

.:., .!. ··••• .1. ' .. ' · ... J" C) ---•·'1'.:::. /,; 

gr/dscf CORRECTED TO 7% 02= 2.095138E-02 
lblhr= 8.520066E-02 
.3. CHLORIDE EMISSIONS <AS HCll 
,b/dscf HCl= 3. 122017E-06 
ppmv HCI= 33.00173 
Lb/hr HCl= .1131068 
14. CHLORIDE ENTERING lNCINERATQR las HCll 
CHLORIDE ENTERING INCINERATOR AS Cl 
CHLOR[DE ENTERING INCINERATOR AS HCl= 75.51823 lbm/hr 
15. CHLORIDE REMOVAL EFFICIENCY 
% EFF[CIENCY= 90.85022 % 
l6. CARBON MONOXIDE EMISSIONS 
ppmv CO CORRECTED TO 12% C02= 7 .894737 
ppmv CO CORRECTED TO 50% EXCESS AIR= 0. 169344 
CO EMISSION= 1.316383E-02 lbm/hr 
XXXXXXXXXX--DRE CALCULRTION3 FUR VOST 
17. VOST SAMPLE TRAIN GAS METERED AT DRY STANDARD CONDITIONS 
Vmstd (VOST)= 15.08439 literc 
18. POHC EMISSIONS--CC14 
ugtm3 CC14= 294.344 
ppbv CC14= 46.00501 

19. POHC EMISSIONS--TCE 
ug/m3 TCE= 35.99748 
ppbv TCE= 6.586943 
EMISSION RATE OF TCE= 8.136936E-05 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
\DRE FOR CC14= 99.99881 
:1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 

............... '\/\/ 

.:\ /\ .:' :'.. /\ 



XXXXXXXXXX -EPA METHOD-S BASED CALCULATIONS FOR RUN LA-3-MS-~--XXXYXX/)XX 
1. VOLUME OF WATER COLLECTED 
i / ;/\; ~~- t:. d ::::: "i. -4 " () ::::; :1. () (.1' ~ .. J s c ·f 
: .. " \~i·,:.:)l_t..;\''1£~ (Jf= C-J~~tf:) METE~F~E[), ~::)··r ~.'ii\![J(~iF;.:l:> c:c:~r·-.\I) I ··r· I ;_:::\~--1~::; 

Umatd= 37.24975 dscf 
3. MOISTURE CONTENT 
Swo= .2736127% 
4. MOLECULAR WEIGHT OF DRY GAB STREAM 
Md= 29.624 lbm/lb_mole 
5. MOLECULAR WEIGHT OF STACK GAS 
Ms= 26.44352 lb/lb mole 
6. VELOCITY OF STACK GAS 

TOT~L VOLUMETRIC FLOW OF 

8. DENSITY OF 3TACK GAB 

~LOW RATE OF STACK 

10. EXCESS COMBUSTION AIR IN ~TACK GAS 
% EXCESS AIR= 88.68949 
1 1 , ;:::. L~~ F;-~ r:: t:::: l\l.T I ·~:;; C:J i< I l\l E::: T' I C 
·:.;,I"" ·;7 ...... :::;:;) 1 '.\ 
12. PARTICULATE CONCENTRATION 

.. S. CHLORIDE EMISSIONS tAj HLLJ 
lb/dscf HCl= 4.76803E-06 
ppmv HCl= 5r.401l5 
lblhr HCl= . 197966 
li. CHLORIDE ENTERING T ;, ;,.-·. T l·.lf'''l'··, ,-.. ,.-,-·-,;-· . 

. 1. t '-t • ... : -~- t'·.f ~:::. r·1.. \···i 1 ~ ... Jr-.._ 

CHLORIDE ENTERING INCINERATOR AS Cl 
CHLORIDE ENTER[NG INCINERATOR AS HCl= 72.87817 lbm.h~ 
i5. CHLORIDE REMOVAL EFFICIENCY 

tu. CARBON MONOXIDE EMISSIONS 
ppmv CO CORRECrED ro 12% C02= 7.894737 
~pmv CO CORRECTED TO 50% EXCESS AIR= 6.28965 
CO EMISSION= 1.508623E-02 lbm'hr 
!XX/X/XXX\--DRE CALCULATIONS FOR UOST RUN LR-3-V-5--'(x~xxvx;x; 

<.../ tn :::; t. d ( f· .• ) 1] ~::::·r ) = 1 cJ .. 7:? 1 1 ·=.~ 1 :i. t. t:::·:· :·M ·==~ 

18. POHC EMISSIONS--CC14 
U. q ,/ IT! :~~; C~ C:: J. .. q. ::::: 
ppb\/ c:c:J.L~= 

15.42953 
r; t'J ·f •I i:::'(N'IC" 
.1~ A "'1· .J. ,{, ·-JC)·M.J 

EMISSION RATE OF CC14= 3.99705E 05 lbm,~r 
19. POHC EMISSIONS--TeE 
ug/m3 TCE= .3588262 
ppbv TCE= 6.5G5925E-02 
EMISSION RATE OF TCE= 9.295465E-07 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 

-1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 
.DRE FOR TCE= 100 



>< :::::_ ;< ,:::: >< \: ;:{ ~<><:X:~-·· ····i::::F·~~~i 1vlt::T!···II]D"·""~.:J F:t~·~·~::;:::~:C) !:::::::·ff.C::t.JL .. ··1·T· I t:]:··--J:~;:; ·cJF: r:;_:t..Ji··,J l.(·:i·-~- ::; ..... (~!~_=:; ... ::· ........ >= -:. '\ / .·'· _,. :-:- ~< >:: 

L. VOLUME OF WATER COLLECTED 
wstd= 14.03109 wscf 

2. VOLUME OF GAS METERED, 
Vmstd= 37.24975 dscf 
0. MO~STURE CONTENT 
Bwo= .2736127 % 
4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 29.624 lbm/lb_mole 
5. MOLECULAR WEIGHT OF STAC~ BAS 
Ms= 26.41352 lb/lb_mole 
{:·_; " • .,..= E: L. .. L} c I ·r \l !J r::· ·:::; ·r (.":·~ c:: !< c-:J (----~ ~::::; 

V~- 33.5o022 ft;sec 

Qm= 3922.179 Lbm'hr 

\ I ::::: ,-- .. 7 " ') (:, ::::: (! .:. ·.~--; . 

. :~; " c· !···i L. !.J F;.: J L} E: c: /""! I ·::;; :::; I (J l\l ::::; ;_ r"~l ·:::; l -l 1 

1~/dscf HCl~ 4 ~6803E-J6 

p ~=! iTl \/ r·i c: 1 :.-::: 
.i.l:.• i···ti'". HC1 o: 

·I ,-··,····.- ;·~, i i 
·= .!. .. _.,. .· -.: <:=:•o 

ppmv CO CORRECTED TO 12% C02~ 

'~~:•'A~A~--DRE CALCULATIONS FOR VOST RUN LA-3-

Vmstd (VOSTl= 16.05268 liters 
13. POHC EMISSIONS--CC14 
uglm3 CC14= 186.4487 
ppb~ CC14= 29.14132 
EMISSION RATE OF CC14= 4.829091E-04 lbm/hr 
19. POHC EMISSIONS--TeE 
ug/m3 TCE= .4983593 
ppbv TCE~ 9. 119149E-02 
EMISSION RATE OF TCE= 1.29101E-0~ lbm;hr 
20. DESTRUCTION AND REMOVAL 
':·, .D F: E~ F"tJ F~: c:: C: 1 ---~- ::= c.;·.-:? .. ·=? ·.:_;· <? t 

1. DESTRUCTION AND REMOVAL 
~DRE FOR TCE= 99.9909° 

i""'·i-"•"1 .-1 
L:L· I.-'-!· 

rc:::r:::: 

!. !:) en .... )·--: ~---

1 f.) !.Ti / ~---, :r· 

.: ·._. ">< ·.:( :.-::.. 



l. VOLUME OF WATER COLLECTED 
wstd= 11.97282 wscf 

~- VOLUME OF GAS METERED, 
Vmstd= 35.2284 dscf 
3. MOISTURE CONTENT 
Bwo= .2536549% 

Md= 20.436 lbm;lb mol0 
5. MOLECULAR WEIGHT OF STACk GAS 
Ms= 26.53521 lb'lb_mole 
6. VELOCITY OF SIACk GAS 

!:.:.-: ·::::. t·. cJ ::::: . / !:::· ·- ... =:::··:·· .. ..l .. - ...• ,. ··-
::::··:::;: .. _!" /C) .. J .... ' U ·.::-1 .... T \(l 

11, PERCENT ISUk.rNET , 
'.>~ I::::: .... ,. '' ,;: - ' 

~ '·' " ' .. ~- c:. · .. J .· 

; ~. CHLORIDE EMISSIONS HC:_; 

,···· ..... ,. ... . 
t_·:.ij···\ ... ::. 

l~. CHLORIDE ENTERING INCINERATOR ~~ ~Cl 
,-···'I 
1 •.. t ••• -·· 

15. CHLORIDE REMOVAL EFFICIENCY 

j:::· p rn · .. ,... ··-=:: i.J C:: C) F~~F: r::: C:: ··r E: L) .T Cl :;. 2 ::~ c::: CJ :·:::·~ ::::: .L ;--·, .!. 6 ~) -:l -:7' 
ppmv CO CORRECTED TO 50% EXCESS AIR= ~ 7 1~2l~ 

I /I ~:::· ·I ol /! ···,r··· _.··~ :·-, 1 L" ·- .·· l ... ... . 
. L ..... , .... ..J.!.·'·t····i·Dc::.····· ... • .• :: . .1. Ull!.o 1 !r 

!X:XXXXYx--DR~ CALCULATIONS FOP 
17. VOST SAMPLE TRAIN GAS METERE0 
Vmstd (VOSTl= 15.99329 liter-
18. POHC EMISSIONS--CC14 
ug/m3 CC14= 350.1468 
p p b \/ ·~:- :::::·1 i~ :=:: 

1.~::_; ~l " ·::-:·· '2 (::- E:: 

~~. POHC EMISSIONS--TeE 
ug/m3 TCE= 3.25130~ 

ppbv TCE= .5949456 

; 1 r··, ,. ... ·T· 
·/\,.•.: .. ·:·! 

.···,I l hI 
~-· '· l.. .'· \ ··.! 

·;;::(), C•l::~E;TF~~LJC.: T I C)l\~ p,r\IL) F~.:E:J·~·J;:) 1··./i:~~L.. ~:~:F·r :::::.I r::·:\IC:: ... / C:F:· (:~:: .. :·1 .. l 
~DRE FOR CCla= 9W.9WS48 

%DRE ~OR TCE= -7.9999~ 

L tJ !P , 1 r 



l. VOLUME OF WATER COLLECTED 

Vmstd= J5.2284 dscf 

Bwo= .2536549 % 
4. MJLECULAR WEIGHT OF DRY GAS STREAM 
;··lei::: 2c;.:·. =l ::;6 11::) .n I L i::J _,r;c) l ::=.:• 

5. MOLECULAR WEIGHT OF STACK GAS 
Ms= Z6.53521 lb/lb_mole 
,'.::, " \) 1:::: L .. ;:::; c:: [ T \( 1] F:· ~3 ·r ~:·::: C::: 1< C3 ~~·:·! ~~~; 

,····,r··· 
·-~' r·· 

!''·;•,:' 
!.:J!-·!-:::: 

.. ·,/I ·i ,- . ._,;:: .'1 1 1 ... -·· i' .) ... ,. 
" '. __ , ... t .L C·, __ ;·'·t .L ! .. .! :~1 'T ' ... · .. :• 

,··.-r· ... ,_ .... ,_· 
-:~:. J 1··~' ... r .. 

% EXCESS AIR= 132.3264 

12. PARTICULATE CONCENTRATION 
gr/dsc+~ 5.518786E-03 

1. CHLOR[DE EMISSIONS (AS HCll 
~o/dscf HCl= 1.229404E-06 
·- -·· ·-. ' t ,,. ...• ! ···- .; :-·, , ... ,,. ... , .::·t;:·i-, l··-' ~-.i ! 11 .. ,.. r··! 1... .. .J. ··-· : ..• ::. u ·7 ·7 ··-·' , . ..! ··.:-

lb/hr HCl= 4.010967E-02 

•.: . .!!···!-.:·:: 

,.--. 
! .. .".11·-1_:::. 

14. CHLORIDE ENTERING INCINERATOR as HCll 

CHLORIDE ENTERING INCINERATOR AS HCl= 
:: :_:_; " l - ! : . I ; l•' i i 'r ;::;_· E::: ]"·:! Cj \/ ::~: !..~ f:::: [.::· F" I c; I ~::::f) r.:::. ·.y: 

ppm~ -o CORRECTED TO 12% C02~ LO. 16949 

CO EMISSION= 1.451448E-02 lbm!h~ 

! i ... ..... ·!. ....•. 
L U ttl 1 ! I r 

"~XXX!XXXX--DRE CALCULATIONS FOR VOST RUN LA-4-V- :--., {\\\XXXX 
17. VOBT S~MPLE TRAIN GAS METERED 
Vmstd (VOSTl= 15.47713 liters 
LB. POHC EMISSIONS--CC14 
uglm3 CC14= 38.12077 
ppbv CC14= 5.958152 
EMISSION RATE OF CC14= 9.501004E-05 lbm/hr 
19. POHC EMISSIONS--TCE 
ug/m3 TCE= .6461146 
ppbv TCE= .1182283 
EMISSION RATE OF TCE= 1.61034E-06 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY 
%DRE FOR CC14= 99.99983 
:1. DESTRUCTION AND REMOVAL EFFICIENCY 

;···, ,-··, ... , ...... ,. .. ; .-·; ···~ ··.r ··;r " ·-;t .. 7 ··.r ~.r ""! 

C::Cl4 



1. VOLUME OF WATER COLLECTCD 
wstd= 13.40937 wscf 

.... : , '/':iLIJi'ii UF [){1:::; f'IETET<FD, 
'/ ,.,., "' t c\ "" ::::::::: • ·::.i 9 0 4 7 d s:; c ·f 
3. MOI~TURE CONTENT 
Bwo= .2559048 ~ 

r·· .--·, h I·:-·· .. ' ~;·· 

\ •• 1 • ..1!'-!L' ·'· i 

4. MOLECULAR WEIGHT OF DRY GAS STREAM 
j··1c:J ::::: ~~·: •:)" 1.5.~:. J. b ii"i ./ J j:j ff!C) 1 E• 

5. MOLECULAR WEIGHT OF ,.-····T· .-"\ ,--·!.·' 
::::· J , ... ,! ___ .r· .. 

Ms= 26.60174 lb/lb mole ···-s. VELOCITY OF G~ACk GAS 
V~= 32.07937 ft'sec 

fOT~L VOLUMETRIC FLOW OF STAL~ 0~0 

B. DENSITY OF STAC~ GAS 
!. .L·.:: . _. ... E . .... (1..... J. !:: :i! ;:: t.·. ·:·· 

.... ··:' ('' ...... ' • ... : 

;, :. " 
"' ·r ..... 
'" .l"" 

f ···, 
! .. : .. " 

·-;:::..- .. --,:····-·-
/ /:t 1 .••• ! .• ::. ····· 

'3. CHLJRIDE EMISSIONS (AS HCll 
.L t:· ... ...- c! ·:~~ c ·f I il''"•'! 

j'"ll..·.i. 

p p en ·._..: !· .. i c:: 1 :::: 
.L ~:r ....... r--·~ j·- ~--1 c:: 1 ::.-:: 

.. :::. .. : ... :. ':::.~ ~ ... :;::.~c . . , 

................ ,., ... "":-'·! 
,, .• :..c::.,:: . .!. C)/ .1. 

16. CARBON MONOXIDE EMISSIONS 
p jJ , T! ·. ..... ·:::: CJ C: CJ r::.~ f~.: E:~ C: --r· E: IJ ·r CJ l :? ~ ... ~ C: (J :·::·:-~ ::::: 

,··· . ..-· .. :-· 
1 .. .".! ~···! .. :; 

.-···, ;;:·"7 ·I 'l .--,,··-, 
•::;:. a · ... } / .l. ·'·!· . ..:.:. :::• 

r::-c1r:.' 

···,,-,!,"''"• 

... .::·-1-.:.::' 

ppmv CO CORRECTED TO 50% EXCESS AIR= 6.7 7 686 

'1 I_. -- / !-. ·-
.1. u !1!/ l !f 

'! '·· "•• /!. ..... . 
!. :.) i!! .... l II" 

RUN LA-4-V-~--f\YXXXXXXX 

Vmsta (VOBTl= 14.92449 liters 
LB. POHC EMISSIONS--CC14 
ug/m3 CC14= 174.2103 
ppbv c::c;J. .q:::: . ' .· ·-,."·1,-; J;::· 

• ..::. / 1'1 •• :: •• :.::. ::J ... J 

EMISSION RATE OF CC14= 4.553617E-04 lbm/hr 
19. POHC EMISSIONS--TeE 
ug/m3 TCE= 2.412143 
ppbv TCE= .4413822 
EMISSION RATE OF TCE= 6.305009E-06 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 
';i,[)h:F: FCJh: c:;CJ.4== 
. ' J .. DEb fF:;:UC::T I Dr,~ 
>:,DI:;~E: f=-u;::;; li:;E:c.:: 

i"l {"""• , .... ,,.-, ,---, ..... , ... ~, 
7 "l n ··."! 7 ··.'! .::: •.• :: • 

, .. -.;-') ,-··,,····,, .......... ,, .... , 
',"! ··.~· " ··;: ",'! ··.: .. _., .:::> 

"r:-··r-· 
I ! ... ,C. 

........ ·. ,· .· · ...... ··.{ ·-.,~ ::( ·:. / / 



l. VOLUME OF W~TER COLLECTED 
wstd= 13.40937 wscf 

-/()L_L.li~![~ f]F C:iAS ~-lE'TEI~.:E:::D, F. r~·::\i\l:C)(i~:;:c.~ r~:.C)l\.i:D ;: r i: C:~(-...!':~:; 

•_.-,,-,;:;t:.d '::: :::u .. -~/'7()4"7 dsc:·f 
3 .. MOISTURE CONTENT 
Bwo= .255'7048 % 
4. MOLECULAR WEIGHT OF DRY GAS STREAM 
Md= 2'7.56 lbm/lb mole --
5. MOLECULAR WEIGHT OF STACK 

b. VELOCITY oc STACK GAS 

h.·!."-.i'''·i''' 
l . l ;···! .. ~~ :···. 

;·· .. -· .. :···. 
'1 ·~-! :···, 

'···, 'I! ........ · 
I'_,;_, .i. L..t:l! .· 

... ,.... r-·. -~-- ..... ,_. 
l .. , 1... :.:= i .~ -· 1 •. r·-. 

-:•· r·; ,.---~ . .:; ,;:.· . ; 1 i .•. --~ ; ; •...... 
---=·::.'•.:)C• .• .... 1·-.•. .J· ... ~- :. : . ..1 j:! .. - : r 

...... ./,··-r··r--;' .... 
' 'I (' ····,··· CUMBUSTION AIR IN 

i1. 0ERCENT ISOKINETJC 

~- tJ ....... h r· ::::: () 

·;:: .. : 

.--· T' .·\. '1.' 
-:>' :···:1. .. r 

~3. CHLORIDE EMISSIONS <AS HCll 

:::) p fTt \/ l···l c::: 1 ::::: 
, .. ,( ... , .. -·,., .. ··:~; 

:a •• :.:. c::: .::.:. ! . .::::: / .l. 

·. ,. __ ,-
''!·••i'''' 

( ·::. ::: 

CHLORIDE ENTERING INCINERATOR GS r1 

15. CHLORIDE REMOVAL EFFICIENCY 

16. CARBON MONOXIDE EMISSIONS 
ppmv CO CORRECTED TO 12% CO~= 8.571428 
p 0 m~ CO CORRECTED TO 50% EXCESS ArR= 6.77686 

~ 7
• VOST SAMPLE TRAIN GAS METERED AT CRV STANDARD CCNDITIONS 

Vmstd CVOSTl= 13.20327 liter~ 
18. POHC EMISSIONS--CC14 
ug;m: CC14= 393.8417 
ppbv CC14= 61.55618 
E:t·'l I ~:;E; I (Jt,~ F'{1TE (JF. CC 1 4=:: 1 . 0';;::•;;·4 11-UC ·--!:• :: l. b 1r: / h r-
19. POHC EMISSIONS--TCE 
' . ..i. t;;; / :n ::::; ·r c E= :::: 
pph .... / ·rc:t::::= .····, ,-.,., ........ :•· .. .,.,. ... , 

.• ::. " "/ .l. '· . .1·.-· / ".'1 

EMISSION RATE OF TCE= 4. 157386E-05 lbm/hr 
·:~: (.i " .D ;::~ ~~:~ T r:~: I..J C:: -r J I] r\; P,l\ 1 D r:;.: E:: !'·'! 0 \} i:·.~, L.. 1:::: F:· F. I c: I E: !\~ C: \( IJ F::· 
~DRE FOR CC14= 99.'7'7824 

...... ,--., ... , 
f..., I_,, .1. .~,. 

1. DESTRUCTION AND REMOVAL EFFICIENCv 0~ TCE 
r-·,r·, ! ... ,,. .. ,,. ... ,,.-·,;;::· 
7 7 .. '] "? 7 (J ..... i 



~XYXxXXXY\--EPA METHOD-5 BASED 
• VOLUME OF WATER COLLECTED 
:w~td= 14.00754 wscf 

VmstG= 30.72309 dscf 
). MOISTURE CONTENT 

,-·,, ......... . 
!.',) t, .. \1 t,} .-•M 

.... ~~-! /.... 
--. 

' 
! L .... 

4. MOLECULAR WEIGHT OF DRY GAS STREAM 
;\~~ c! ::::: :::·:·~ '·) .. =:'::; {::: ::J :J. tJ rn / .l tJ !T'1 c~ 1 t::.· 
5. MOLECULAR WEIGHl OF STACK ~~o 

····· 
/:~ " \) r:::. L.. c::~ c I ·r ·y C:J F:· ::::; ·r {2i c !<. 1 :-:-:; (':: ~::; 

· . .: ·:;;.···· 
r .;_ / ........ ·-· r '-· ...- ·::::-1::.:'! .. 

.-··; · . \·.~~:::;I i ::::: ·; i ... ··-
.!. !.) ~! i 

_:: !·· ... 

i .. ·r··· 
· .. :: .. ::· =.T(=,c::= 

,····,,, ___ ,, 
.: .. ·!:!···· '··.· 

j (;. 

.;, .;, ·' PERCENT ISOKINETIC 

!:.:·! 'T' ::J ' 

gr:ascf CORRECTED TO i~ 02= :···, .· i . ; ····, . --~. 'j i :::· 
::. " ~-~- ·'·:· .... . .. · !. !.... ! .•. :. 

CHLORIDE EMISSIONS lAS HCl 

lbthr HCl= .3?609 

i! 

14. CHLORIDE ENTERING [NCINER0TOR ~~ HCl · 

! t:::· 
;, .... _1,, CHLC~lDE REMOVAL EFFICIENC; 

! • t;.· 
'I < 

,···. c CJ :::> 

ppmv CO CORRECTED TO 50% EXCESS AIR= 0.0~3804 

CO ~MISSION= ?.13981SE-02 lbm/hr 

r- r::_· t..J i.i ! (.:·~ .... ..-J ... iii ~.=.:_:_; . .. ... j"'\ '·!· 

'\ >< .:.( :x: -=-~ >::: :x: :::.:: :::< :x: ··-· -·-· [) F: E: C:: ~·:; L. C~ Ll L. (1 T I CJ r-~l E) r::· CJ r::.·. ~--) Cl ~:3 ·r F·;-~ i...J l\l L ... :-'~. ---· -~l- ... ; __ i ... ··::.. .. ..... ·::<' ::< ··:.:: >-.. :< >< .:-< >< >< "< 
1 7

• VOST SAMPLE TRAIN GAS METERED AT DRY STANG~RD CON0ITIDNS 
Vmstd CVOST)= 16.39335 liter_ 
18. POHC EMISSIONS--CCl4 
0g:m3 CC14= 378.2022 
ppbv CCI4= 59.11177 
EMISSION RATE OF CC14= 9.9261E-04 lbm/hr 
19. POHC EMISSIONS--TeE 
ug/m3 TCE= 9.882058 
ppbv fCE= 1.808253 
EMISSION RATE OF TCE= 2.593594E-05 lbm'hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC 4 
\DRE FOR CC14= 99.99839 
~1. DESTRUCTION AND REMOVAL EFFICIENCY 0~ TCE 

... / " ':.::" ':-:' \/ 
_::\. ·\ ..... 



l. VOLUME OF WATER COLLECTED 
~std= 14.00754 wscf 

2. VOLUME OF GAS METERED, STANDARD CONDIT[ONS 
V~std= 39.72309 dscf 
3. MOISTURE CONTENT 
Bwo= .2606993 % 
4. MOLECULAR WEIGHT OF DRY GAB STREAM 
Md= 29.688 lbm:lb_mcle 
5. MOLECULAR WEIGHT OF 3TACV GAS 
Ms= 26.64095 lb/lb_mole 
~. VELOCITY OF STACK GAB 

'· TOTAL VO~UMETR[C FLOW OF -TACK GAS 

8. DENSITY OF STACK ,····:\,''' 
J.:;_lj·-·· .:) 

LO. EXCESS COMBUSriDN AIR IN STACK ~H~ 

%EXCESS AIR= 89.51137 

i:. I = J. (; :::; • .1. i. ~=: ::.:: · ;, 
12. PARTICULATE CONCENTRATION 
qr/dscf= .0188393 
gr/dscf CORRECTED TO 7% 02= 2.442131E-02 
'1 !-- ,- ·-- -- --·· 
!. r •• .l ..- l : r ---

3. CHLORIDE EMISSIONS 1AS HCll 
lb/dscf HCl= ,.752083E-)6 
p p iT! \/ i· ··I C: 1. ::::: f-3 1 " ':? ~-l_q_ ~--:_:_; l 
lb!hr HCI= .32o09 

CHLORIDE ENTERING INCINERATOR AS ;-','1 \ __ J. ... 

CHLORIDE ENTERING INCINERATOR AS HCl= 83.36223 lbm!hr 
15. CHLORIDE REMOVAL EFFICIENCY 
% EFF[CIENCY= 99.60882 % 
1 (:: .. C: {:t F~ E{ Cl r .. l ~~-~ c:: f-.. ![! >< I I) E?. E: i\1 I ~;:;; ~) I [! j\ i :;:; 
ppmv CO CORRECTED ro 12% C02= 10.5 
ppmv CO CORRECTED TO 50% EXCESS AIR= 8.843864 
CO EMISSlON= 2. 139815E-02 lbm/hr 
XX\XXXJYXX--DRE CALCULATIONS FOR VOBT RUN LA-~-V-6--XXXXXXXXXX 
17. VOST SAMPLE TRAIN GAB METERED AT DRY STANDARD CONDITIONe 
Vmstd CVOST>= 15.51532 liters 
18. PCHC EMISSIONS--CC14 
ug/m3 CC14= 315.8169 
ppbv CC14= 49.36115 
EMISSION RATE OF CC14= 8.288766E-04 lbm/hr 
19. POHC EMIBSIONS--TCE 
ug/m3 TCE= 7.476481 
ppbv TCE= 1.368072 
EMISSION RATE OF TCE= 1.962239E-05 lbm/hr 
20. DESTRUCTION AND REMOVAL EFFICIENCY OF CC14 

'1. DESTRUCTION AND REMOVAL EFFICIENCY OF TCE 



APPENDIX F. CHAIN OF CUSTODY FORMS 



DESCRIPTION 
OF SAMPLE 

0 E~?l 0 i I FetJ S+<:'c.l 
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CHAIN-Of-CUSTODY 

SAMPLE NUMBER RECOVERY DATE SAMPLE RECOVERY BY 
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LABORATORY ANALYSIS BY: DATE: 
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CHAIN-OF-CUSTODY 

DESCRIPTION 
SAMPLE NUMBER OF SAMPLE RECOVERY DATE SAMPLE RECOVERY BY 

Cct~t~h"'' S"d'n- Co~d.t,£Jo. I LA.NL-)-v- ~- C S. <ihiH ,;:'t z Lve Lu~c,k CAE. 

R ... '""., I, 1., "3 

l.""""'\-,·-.,_S~t\.- Co"'.J,t,:.,., 2. LANL-2-V-1-C.S. 9/.s-lH rl<~vt kcr\:J((I, (AF-
~ 

K,~,,s t) :1 

C~~t\.ri<- S,:~·.,- Co.J.~-1:~ 2. LA-NL-1-V- 3- (. 5. e~,isin A. !c. u.-c 
Ru., ~ 

G~;_~hc.. S'c\ 1"1-(Cv>c\.+rcVJ 3 L.~,'JL- ~-V-1 -CS, c1l' I ?b J- k. CA-E 
~ tA11 I 
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Gu.r:Jr c 5o/\,- Co~JdrCI-14 L~.VL-Lf~V-iz. -~-CS, ft hI fG d.le_. Ct/2 
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RELINQUISHED ~y BECEIVED BY TIME DATE JU!AsoN FOR CHANGE 
OF CUSTODY 
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APPENDIX G. HEPA FILTER SPECIFICATIONS 



HIGH EFFICIENCY PARTICULATE AIR FILTERS 

High efficiency particulate air (HEPA) filters, once known 
as absolute 'filters, were originally developed as the 
particulate attenuation stage of a chemical, biological, 
radiological (CBR) filtration adsorber unit for use by the 
u.s. Armed Services. In the late 1940's the u.s. Atomic 
Energy Commission (AEC) adopted them for use for the 
containment of airborne radioactive particulates in the 
exhaust ventilation systems of experimental reactors, 
nuclear laboratories, and nuclear processing plants. 

Much of the early CBR absolute particle filter study and 
development programs were conducted by the u.s. Army 
Chemical Corps. On adoption of absolute filters by the AEC, 
Oak Ridge National Laboratory was assigned the study and 
development program to optimize HEPA filtration design for 
nuclear service. The results of this on-going program have 
been published in "Design, construction, and Testing of 
High-Efficiency Air Filtration Systems for Nuclear 
Application", USAEC Report ORNL/NSIC-65, and later under the 
Energy Research and Development Administration (ERDA) as the 
"Nuclear Air Cleaning Handbook", ERDA-76-21. The Second 
Edition of ERDA-76-21 (excerpt attached) was the nuclear 
industry standard at the time of design and construction of 
the Los Alamos Treatment Development Facility (TDF) . 

The purpose of a nuclear air cleaning system is to provide 
protection of the public, plant operating personnel, and the 
environment from airborne radioactive particles and gases 
which are, or could be, generated or released from 
operations conducted in a nuclear reactor, fuel fabrication 
or processing plant, radiochemical operation, laboratory, or 
other nuclear operation. Such a system is characterized by 
operation at very high particulate contaminant collection 
efficiencies, generally orders of magnitude above commercial 
or industrial applications. 

In nuclear process off-gas cleaning applications, the HEPA 
filters are generally preceded in the process line by 
scrubbers, cyclones, andjor common air filters, which extend 
the operating life of the HEPA filters, but the HEPA filters 
are used as the final barrier between a process or contained 
space in which radioactive particles could be generated, and 
the point of release to the atmosphere (the facility stack). 

The application of HEPA filtration has expanded markedly in 
the high technology industries of aerospace, micro
electronics, and pharmaceuticals. Clean rooms, 
environmental rooms, and laminar flow systems are also now 
wide spread in such areas as food processing, film 
manufacturing, and hospitals. Not all of these applications 
require the performance and construction of filters used in 



nuclear service. Excerpts from a filter manufacturer's 
catalog are attached. 

In the 1960's, the American Association for Contamination 
Control convened a committee to write specification 
standards for HEPA filters (IES CS-lT) which resulted in 
three grades of HEPA filters, i.e., Industrial, Nuclear, and 
Laminar Flow. The Nuclear Grade specification has been 
further refined into a Military Specification, Mil-F-51068D, 
Filter, Particulate, High Efficiency, Fire Resistant. 

High efficiency filtration theory and the significance of 
particle size is subject to considerable misunderstanding 
both within and without the nuclear industry. The mechanism 
for particle retention in a filter medium is by impaction 
and by diffusion. As air flows through a filter medium, it 
encounters obstacles in the form of randomly-oriented fibers 
and it must change direction of flow around the fibers. 
Particles, due to greater inertia than gas molecules, resist 
directional changes and tend to continue in their original 
paths and to collide with the fibers. High flow rates and 
large particles favor particle filtration by impaction. The 
second mechanism, diffusion, results from the fact that very 
small particles behave more as true gases. If a difference 
in concentration of particles exists in one area of an air 
stream, the particles tend to diffuse, or migrate, to areas 
of lower concentration until a uniform distribution is 
reached. Since the concentration of particles in the 
vicinity of a fiber surface is reduced (particles contacting 
the surface are held and are not re-entrained into the air 
stream) , particles from the main body of gas migrate toward 
the fibers. Diffusion is favored by small diameter filter 
fibers and low gas velocities, and is effective for small 
particles only. 

In filter efficiency studies, it has been theorized that 
there is likely to be a particle size too small for 
effective impaction and too large to be affected by 
diffusion. Thus the particle size/filtration efficiency 
curve should possess a minimum at some particle size/flow 
rate combination. During WW-II, Irving Langmuir studied the 
fundamental processes involved in filtration of chemical 
smokes for the u.s. Army Chemical Corps, and concluded that 
0.3 micrometer (micron) particles are the most difficult to 
capture in a filter medium. Later studies by Victor La Mer 
at Columbia University determined that particles some what 
smaller than 0.3 micron are harder to filter. At operating 
conditions recommended for nuclear grade HEPA filters, 
calculations indicate a particle diameter of from 0.09 to 
1.0 microns as the most difficult to filter. Nuclear grade 
HEPA aerosol penetrant tests are therefore conducted with 
dioctyphthalate (DOP) which produces the smallest diameter 
test aerosol (0.3 micron) yet attainable for a repeatable, 
homogeneous test. Nuclear grade HEPA filters must 



demonstrate a removal efficiency of not less than 99.97% of 
0.3 micron particles. This efficiency increases as the 
filter becomes loaded, but reaches a limit when air flow 
restriction increases the pressure drop across the filter, 
which must then be replaced. 

The HEPA filters received at Los Alamos are routinely 
purchased by the Laboratory's Materials Management and 
Transportation (MAT) Division according to current 
Department of Energy (DOE) and Nuclear Regulatory Commission 
(NRC) Nuclear Grade specifications. The filters are shipped 
by the manufacturer to the DOE Rocky Flats Plant, Colorado, 
and are subjected to aerosol penetrant tests prior to being 
shipped to Los Alamos. After installation in a plenum in 
Los Alamos, Group HSE-5, Industrial Hygiene, performs an in
situ aerosol penetrant test. The filters must pass the 0.3 
micron aerosol test with a removal efficiency minimum of 
99.97%. Facilities and processes involving plutonium or 
other transuranic isotopes have a minimum of double HEPA 
filtration; that is, two filter banks in series, each in
situ tested to meet the 99.97% minimum removal efficiency 
requirement. 

At the Los Alamos Treatment Development Facility (TDF) the 
Controlled Air Incineration (CAI) process off-gas passes 
through a treatment train consisting of a quench column (to 
reduce the gas temperature) , a high energy aqueous venturi 
scrubber (for particulate removal, which serves to increase 
the life of the HEPA filters), a condenser andre-heater 
(which reduces the water content of the gas stream and 
subsequent condensation on the upstream filter face which 
can "blind" the filter, increasing the pressure drop across 
the filter), and finally a common air cleaning, or roughing, 
filter, which also assists in extending the useful life of 
the HEPA filter. True gases are of molecular size, and are 
not trapped by a particulate filter. Additional 
environmental protection from volatile radioisotopes, such 
as radioiodine, and organic vapors is provided by the 
activated carbon adsorption bed. A final HEPA filter is 
provided to contain any carbon fines that might sift through 
the downstream bed screen. 

Chapter 4.3.3, Radioactive Plant Emissions Under Normal 
Operations, of the Final Safety Analysis Report (FSAR) for 
the Transuranic contaminated Solid Waste Treatment 
Development Facility (LA-7971-MS, July 1979) (copy attached) 
contains an evaluation of the particle removal efficiencies 
by the variable throat venturi scrubber. This evaluation 
(table, page 4-28) shows a relatively small deviation in the 
overall removal efficiency over a wide differential pressure 
range. The HEPA filter efficiency ( 99.97% for 0.3 micron 
particles) is not dependent on the venturi. The venturi 
does however, influence the operating lifetime of the HEPA 
filters. The difference in particulate concentration of the 



gases at the inlet of the filters does affect the 
particulate concentration in the gases at the facility 
stack. However, over the operating range of the venturi, 
this change is only p about 5 or 6%, thus the impact on the 
environment is negligible. The ability to change the 
venturi differential pressure does provide the combustion 
engineers with a method of controlling the atmospheric 
negative inside the incinerator to adjust to differences in 
feed mixtures and rates, and the other variables in the 
combustion process. It is, therefore, appropriate that the 
venturi scrubber differential pressure remain a variable to 
be set at the operator's discretion rather than be fixed as 
a regulatory parameter. 
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1. Introduction 

1.1 BACKGROUND 

A nuclear air cleaning system is provided to protect 
the public and plant operating personnel from 
airborne radioactive particles and gases which are, or 
could be, generated or released from operations 
conducted in a nuclear reactor, fuel fabrication or 
processing plant, radiochemical operation, lab
oratory, or other nuclear operation. Such a sys
tem is characterized by operation at very high con
taminant collection levels, generally orders of 
magnitude greater than those exhibited by air clean
ing systems employed in commercial, industrial, or 
pollution control applications. The component 
almost universally included in such systems is the 
high-efficiency particulate air (HEPA) filter. This 
type of filter may be supplemented by common air 
filters, bag filters, cyclones, scrubbers, or other 
devices used in more conventional applications but is 
nearly always employed in the nuclear air or gas 
cleaning system as the final barrier between a 
contained space (in which radioactive particulates 
could be generated) and the point of release to the 
atmosphere (i.e., the stack) or to an environmentally 
controlled space of the facility. 

The prevention of even extremely low concen
trations of airborne contamination is fundamental to 
the safe operation of a nuclear facility. 1 It is also an 
important factor in the economic operation of such 
facilities. Although protection of the health and 
safety of the public and of plant personnel is the 
primary consideration, the high costs of decon
tamination and the possibility of shutdown of the 
facility in the event of an accidental airborne release 
of radioactive material are also important con
siderations. 

Radioactive substances tend to deposit or "plate 
out" on ducts, components, and other exposed 
surfaces and, in time, become sources of persistent 
ionizing radiation. This deposition can severely 
complicate maintenance and operation of a facility 
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unless eliminated close to the source. These problems 
are of particular concern in power reactors and fuel 
reprocessing facilities because of their potential for 
releasing large amounts of radioactive material in the 
event of a system malfunction or upset. 

I .2 PURPOSE AND SCOPE 

Much of the information pertinent to the design, 
construction, and testing of very-high-efficiency air 
and gas cleaning systems for nuclear applications is 
contained in limited-distribution topical reports, 
technical papers, and job specifications that are often 
not readily available to designers. Although there is a 
growing body of standards relating to the subject, the 
background information necessary for their effective 
interpretation is scattered. The purposes of this 
handbook are to summarize available information in 
a manner that is useful to the designer, to point out 
shortcomings in design and construction practice, 
and to provide guides and recommendations for the 
design of future systems. The handbook summarizes 
findings from the literature and air cleaning practices 
at laboratories, production facilities, power and 
research reactors, and radiochemical and fuel 
reprocessing facilities. The judgments and 
recommendations presented reflect the experience of 
users and conditions that exist in operating systems 
where airborne radioactive material is being 
successfully controlled on a day-to-day basis, often in 
situations where personnel have had to live with, or 
adapt to, serious deficiencies in design or construc
tion. 

This handbook is limited to the mechanical or 
hardware phase of design. Functional design-the 
sizing of a system or selection of components to meet 
the needs of a specific application-is beyond its 
scope. The design of ventilation systems, of which the 
air cleaning systems are a part, is also beyond the 
scope of the handbook except as the ventilation 



I 
system design affects the operation and reliability of 
the air cleaning facilities, or, conversely, as the air 
cleaning facilities affect the operation and reliability 
of the ventilation system. The functional design of 
nuclear air cleaning systems is covered in Safety 
Monograph No. 17 of the International Atomic 
Energy Agency (IAEA),2 in various Regulatory 
Guides of the Nuclear Regulatory Commission 
(NRC)/-5 and in the ERDA Manual.b The functional 
design of ventilating systems is covered in Industrial 
Ventilation,' the ASHRAE handbooks,~ ANSI 
Z9.2,~ and numerous textbooks. The handbook does 
not cover the theories of air filtration or gas 
adsorption; however, discussions of air filtration 
theory can be found in White's and Smith's High 
Efficiency Air Filtration 10 and Davies' Air 
Filtration; 11 gas adsorption theory of interest to the 
nuclear industry is covered best in the proceedings of 
the biennial AEC (now ERDA) Air Cleaning 
Conferences. 

1.3 DESIGN CONSIDERATIONS 

The design of nuclear air cleaning systems is 
complicated by the extremely high collection efficien
cies required to meet the maximum permissible 
concentration (MPC) values that have been es
tablished for radioactive substances in air. 1 In many 
conventional situations (i.e., commercial, industrial, 
and air pollution control), dust, chemical fumes, and 
other contaminants can be detected by the human 
senses before they reach concentrations that pose a 
serious immediate threat to health or safety. The 
situation is quite different in nuclear systems because 
of the complete insensitivity of man to the presence of 
radioactivity, even at levels that represent an im
mediate danger to life, and because of possible long
term effects of exposures even at low levels. The 
lowest threshold limit values (TLV) 12 specified for 
most chemical contaminants in air are at least two 
orders of magnitude higher than the MPC of any 
radioactive material. 

The common air filters used in conventional air 
cleaning applications are unable to decontaminate air 
to the levels required to meet these MPCs. Even the 
best of such filters exhibit number de-eontamination 
factors (DF) no greater than 6 to 7 for submicron 
particles (i.e., those having an aerodynamic diameter 
of less than l JJm), and the OF of most filters is 2 or 
less for particles in this range. 13

'
14 To meet the 

requisite M PCs for contaminants present as, or 
adsorbed on, particulate matter, the HEPA filter 
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must be used. By definition, 15 this type of filter must 
have a minimum number efficiency 1b of 99.97% for 
0.3-JJm particles; that is, a number decontamination 
factor of at least 3333 for all measurable particles, at 
any concentration, down to at least a 0.3-~.tm 

aerodynamic diameter. Similarly, the iodine adsorp
tion units used in nuclear air and gas cleaning service 
must also exhibit collection (i.e., decontamination) 
efficiencies substantially greater than adsorption 
units used in fume and odor control and most toxic or 
noxious gas control applications. For these com
ponents to function at their required performance 
levels, the manner in which they are installed, the 
connecting ductwork, and the ancillary components 
required to complete the air cleaning function must 
all meet standards of design and installation substan
tially higher than those which prevail in most 
nonnuclear situations. That such high standards can 
be met routinely and on a continuing basis is 
evidenced by the superlative safety record of most 
nuclear installations and by the control of releases to 
the atmosphere even under severe upset conditions. 

If airborne radioactive material is released from 
the system, there is the possibility of seriously 
contaminating occupied spaces of the plant, as 
occurred in the St. Laurent fuel meltdown incident in 
France, or of contaminating the surrounding 
countryside, as occurred in the Windscale reactor 
incident in England several years ago. Even a minor 
incident, in terms of the actual weight or volume of 
radioactive material released, could shut down a 
costly facility for an extended period of time. The 
costs of decontamination can be thousands of times 
the losses due to such ordinary hazards as fire, 
explosions, or chemical spills, as illustrated below by 
the loss experience due to a small glove box accident 
at an ERDA laboratory. 17 

Casualty loss due to fire 
Casualty loss due to explosion 
Cost of cleanup and decontamination 

$100 
$500 

$76,200 

In addition, the deposition and "plate out" of 
radioactive particulate matter and gases in and on 
ductwork, housings (i.e., equipment casings), filters, 
and other air cleaning system components limits 
access, obstructs maintenance, and increases the cost 
of operation. The designer must appreciate these 
substantial differences between nuclear and conven
tional air cleaning systems. Concentrations of 
radiotoxic materials in the air cannot be maintained 
below statutory limits 1 if the design or layout of the 
system, or selection or installation of components, is 



. · t. Some operations in th~ past have ~elied_ to 
de(.acn t on dilution of airborne radwacuve IOIDII exten . 

'th large volumes of a1r, followed by 
wutCI WI . . . I . rsa1 in the atmosphere. Th1s practice 1s no onger 
dllpe ble in view of recent "as low as reasonably 
~table" (ALARA) regulations, and heavy 
.,:bicva . .. I f emphasis must be placed on positive remova o 
Jldjoactive particulates, ~um~s, and ga~s by means 
ol weU-designed and -mamtamed filtration and ad-

10rption systems. 

1.4J SPACE CONSIDERATIONS 

The location and space allocations for exhaust and 
air cleanup systems must receive ~lo.se attent!on 
bcJinning with the earl~ stages of bmldmg pla.nmng 
and layout and continumg t?rough constructiOn of 
&be facility. Failure to provide adequate space for 
ductwork in early building layouts often results in the 
inability to achieve good aerodynamic design, in 
cxc:euive velocity and pressure losses that can com
promise system operation, and in dynamic conditions 
thai can cause outleakage of contamination, even in 
ductwork that operates under negative pressure. 
Poor location of filter housings, fans, and dampers 
may limit their accessibility and thereby decrease 
ability to maintain the system. Also, since filters are 
collectors of radioactive (or potentially radioactive) 
dust, they can contain substantially greater concen
trations of radioactive material than the air of the 
contained space served by the system. Changing 
falters in open attics or crowded spaces of the building 
inc:reases risks at a time when risk is already higher 
than normal. Adequate access to and space surroun
ding housings and filter installations decreases this 
risk. Space allotted for access to housings and 
equipment must not be encroached upon forstorage, 
rJCld shops, or other operational conveniences during 
the life of the facility. 

1.5 SYSTEM FLEXIBILITY 

A shortcoming often encountered in ventilation 
and air cleaning system designs is failure to an
ticipate the possibility of future system modifica
tion. Although lack of ventilation system flexibility 
may create no problems in nuclear reactors and other 
facilities that have a fixed function, in radiochemical 
operations and particularly in laboratories and ex
perimental facilities where change is almost standard 
procedure, provision for future system modification 

3 

at the time of original system design can pay for itself 
many times over. The rebuilding of radioactively 
contaminated ducts and air cleaning systems is costly 
and hazardous, at best, and can be even more costly 
and hazardous when some provision for flexibility 
has not been left in the original design. Because of the 
radioactivity problem, the costs of modifying or 
rebuilding a nuclear plant exhaust or air cleanup 
system may run five to ten times the cost of similar 
work carried out in a nonradioactive system. Provi
sion for expansion of a system, including extra 
housing space, reserve fan and motor capacity, 
additional tie-on points, and sufficient mechanical 
joints in ductwork to permit reasonably easy dis
mantling, should be given serious consideration in 
initial planning. 

Temporary systems may not justify the extra 
capital investment for providing flexibility. 
Nevertheless, the designer should keep in mind that 
temporary systems often become permanent or are 
adapted for other purposes. Short cuts in design that 
make the modification of even a temporary system 
difficult can often become very costly to the owner in 
the long run. 

1.6 COORDINATION OF DESIGN 
AND CONSTRUCTION 

The mechanical contractor cannot be expected to 
supply more than the minimum requirements shown 
in the drawings and specifications. He cannot be 
expected to build a system having the special features 
and requirements of a nuclear air cleaning system 
unless the design details and specifications clearly 
define them. It is the functional designer's respon
sibility to correctly interpret the owner's needs and to 
develop clear and accurate system criteria. It is the 
mechanical designer's responsibility, in turn, to 
interpret these criteria and translate the functional 
design requirements into detailed equipment and 
construction drawings and specifications that can be 
followed by workmen with no experience in this 
specialty. It is also the mechanical d_signer's respon
sibility to ensure that the system, as it will be built, 
will meet the owner's needs in terms of a safe, 
effective, reliable, maintainable, and economic 
system. 

An example of poor design and construction 
coordination occurred in a power reactor contain
ment purge system. The facility designer, when 
allocating space for ventilation and air cleaning 
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equipment, allowed a nominall44-in. width for a six
wide bank of 24- by 24-in. HEPA filters. No 
verification of this dimension was made by the 
mechanical designer, and the drawings went to the 
constructor who proceeded to pour concrete. The 
difficulty that developed is that a six-wide bank of 24-
by 24-in. filters should be installed in a ~housing at 
least 151 in. wide (and preferably 158 in. wide) to 
provide room for a reliable filter mounting frame and 
to provide ease of filter changing. This type of error 
should have been recognized in the mechanical design 
stage. To make matters worse, no embedments were 
provided in the concrete to which the filter mounting 
frame could be seal-welded. This error resulted in a 
filter installation that is, at best, questionable. 

It is also important for contractual relationships to 
be carefully defined and enforced. If the constructor 
is to be responsible for correct performance of the 
installed system, then test procedures, identification 
of the parties who will make and evaluate test results, 
and requirements for remedying errors and deficien
cies must all be specified in the contract documents. It 
is not enough merely to require that the system meet 
some minimum dioctyl phthalate (DOP) test effi
ciency (usually 99.95%). If the system is to meet its 
intended service requirements, technical require
ments must be carefully followed during preparation, 
review, and contractual acceptance of drawings and 
specifications, as well as during performance of the 
work in the field. 

1.7 COST CONSIDERATIONS 

Shortcuts and compromises with good design 
practice result in unduly high operating costs 
throughout the life of the system, as well as reduced 
system reliability and performance. A common error 
in the planning and design of nuclear air cleaning 
systems is to place too much emphasis on first (i.e., 
capital) costs. Minimizing first costs often results in 
high operating and maintenance costs if desirable 
optional features are omitted or if sacrifices are made 
in the amount or quality of space provided for 
components, equipment, and ductwork. During the 
life of the system, operating and service costs usually 
far exceed the first cost of building the system. A 
survey by the Harvard Air Cleaning Laboratory 
showed that operation and maintenance accounted 
for more than 85% of the total cost of owning a 
nuclear air cleaning system, based on 20-year 
amortization. 18 
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Errors are sometimes made in choosing between 
alternate methods of accomplishing a desired objec
tive because of the failure to consider all aspects of 
cost. When estimating capital costs of air cleaning 
systems, for example, the costs of special filter 
housings, dampers, fire protection facilities, clothing
change facilities, and other unusual (as compared 
with conventional air cleaning practice) provisions 
are often overlooked and may result in substantial 
avoidable maintenance costs for the sake of a few 
dollars' savings in first costs. For example, higher 
efficiency prefilters may greatly extend the life of the 
downstream HEPA filters and perhaps have longer 
life themselves, thereby increasing the time between 
filter changes. This is important because replacement 
of highly contaminated HEPA filters may cost as 
much as 50¢ per cfm of installed capacity. 19 Often, 
when estimating filter replacement costs, only the 
"do" phase of the operation is considered, with little 
or no heed given to the "make ready" and "put away" 
phases; yet these are generally the most time con
suming and costly phaSes of a filter change in a 
nuclear air cleaning system. The time-consuming 
activities of clothing change, preinstallation inspec
tions, health physics monitoring, and decontamina
tion of the area and equipment after the change are 
often overlooked. Other factors overlooked are 
escalations of labor and materials cost and the ability 
to extend HEP A filter life by the selection of various 
combinations of prefilters, bank size, airflow rate, or 
other system parameters. Appendix 8 provides a 
form to assist the designer in estimating capital and 
operating costs and a form that breaks down a filter 
(or adsorber) change into at least its major elements. 

1.8 PURPOSE OF THE HANDBOOK. 

The information given in this handbook will 
supplement the designer's previous knowledge and 
understanding of ventilation and air cleaning system 
design and construction by supplying background 
information on components and requirements for 
these very specialized applications. Hopefully 
through the use of this handbook, the experienced 
functional designer will be better able to evaluate an 
owner's requirements and to establish essential 
system criteria; the experienced mechanical designer 
will be better able to translate these criteria into 
effective system designs; and mechanical contractors 
will be provided with the knowledge needed to 
effectively carry out the intent of these designs to 



provide safe, reliable systems at reasonable cost. The 
previous issue of the handbook20 has provided 
background information for a growing family of 
national standards covering air and gas cleaning 
systems for nuclear applications; the new issue will 
hopefully assist designers and engineers in using and 
interpreting those standards. It is also hoped that the 
volume will provide a rationale for the engineer, the 
manager, and the designer to justify the more costly, 
but necessary, features that a nuclear air cleaning 
system demands. 

1.9 GLOSSARY 

1.9.1 Dictionary of Acronyms and lnitialisma 

ACGIH 

ACI 

AEC 

American Conference of Governmental 
Industrial Hygienists 

American Concrete Institute 

Atomic Energy Commission(see ERDA, 
NRC) 

AFI Air Filter Institute 

AgX Silver-exchanged zeolite 

ALAP As low as practicable (obsolete term for 
A LARA) 

AISC American Institute of Steel Construction 

ALARA As low as reasonably achievable 

AMCA 

AMD 

ANSI 

Air Moving and Conditioning Associa
tion 

Aerodynamic mean diameter (of par
ticles) 

American National Standards Institute 

ASHRAE American Society of Heating, Refriger
ating and Air-Conditioning Engineers 

ASME 

ASTM 

AWS 

BET 

BWR 

CBR 

CFD 

American Society of Mechanical En
gineers 

American Society for Testing and Ma
terials 

American Welding Society 

Brunauer, Emmett, and Teller (test for 
surface area of adsorbents) 

Boiling water reactor 

Chemical biological radiological (filter) 

Continuous fire detector 
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CH,I 

CFR 

CG 

CRSI 

cws 
DBA 

DBS 

DBGF 

DF 

DOP 

ERDA 

ES 

ESF 

FRP 

GMA 

GTA 

HEP 

HEPA 

HF 

HTGR 

HVAC 

Methyl iodide 

Code of Federal Regulations 

Concentration guide 

Concrete Reinforced Steel Institute 

Chemical Warfare Service 

Design basis accident 

Deep-bed sand (filter) 

Deep-bed glass fiber (filter) 

Decontamination factor 

Dioctyl phthalate 

Energy Research and Development Ad
ministration 

Equipment specification 

Engineered safety feature (system) 

Fiber-reinforced plastic 

Gas metal arc (welding) 

Gas tungsten arc (welding) 

Hazard equivalent plutonium 

High-efficiency particulate air (filter) 

Hydrogen fluoride 

High-temperature gas-cooled reactor 

Heating, ventilating, and air con
ditioning 

HWESF Hanford Waste Encapsulation and 
Storage Facility 

IAEA 

IES 

KI 

:K.r 

LOCA 

LMFBR 

LWR 

MMD 

MPC 

MPL~ 

MPL, 

International Atomic Energy Agency 

Institute of Environmental Sciences 

Potassium iodide 

Krypton 

Loss-of-coolant accident 

Liquid-metal fast breeder reactor 

Light water reactor 

Mass median diameter (of particles) 

Maximum permissible concentration 

Maximum permissible loading, desorp
tion 

Maximum permissible loading, ignition 



NBS 

NFPA 

NMD 

NRC 

NRL 

NSIC 

ODE 

ORNL 

PL 

PSU 

PYA 

PWR 

QA 

QAS 

RG 

National Bureau of Standards 

National Fire Protection Association 

Number mean diameter (of particles) 

Nuclear Regulatory Commission 

Naval Research Laboratory 

Nuclear Safety Information Center 

Operating basis earthquake 

Oak Ridge National Laboratory 

Permissible leakage 

Permanent single unit (adsorber) 

Polyvinyl acetate 

Pressurized water reactor 

Quality assurance 

Quality assurance station 

Regulatory Guide 
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RH 

RSIC 

RTV 

SAR 

SGTS 

Relative humidity 

Reactor Shielding Information Center 

Room temperature vulcanizing (sealant 
or caulking compound) 

Safety analysis report 

Standby gas treatment system 

SMACNA Sheet Metal and Air Conditioning 
Contractors' National Association 

SRL 

SSE 

TEDA 

TFE 

TLV 

TURF 

UL 

Xe 

Savannah River Laboratory 

Safe shutdown earthquake 

Triethylene diamine 

Tetrafluoroethylene (plastic) 

Threshold limit value 

Thorium-Uranium Recycle Facility 

Underwriters' Laboratories 

Xenon 

1.9.2 Units of Measure and Metric Equivalents Used in This Handbook 

cfm cubic feet per minute X 0.000472 = m1 
1 sec cubic meters per second 

fpm feet per minute X 0.00508 = m;sec meters per second 

ft feet X 0.3048 = m meters 
g grams 

gal gallons X 3.78532 = liters liters 
gpm gallons per minute X 0.06309 = liters/ sec liters per second 
gr grains X 0.0648 = g grams 

gr/ft3 grains per cubic foot X 2.288 = grm' grams per cubic meter 
hr hours 

Hz Henz 

in. inches X 2.54 =em centimeters 
in.wg inches water gage X 0.24836 = kPa kilo pascals 
tn. cubic inches X 0.01639 = liters liters 
lb pounds X 0.4536 =kg kilograms 
m meter 

11m micrometer 

mCi millicuries 

11Ci microcuries 

min minutes 

mR milliroentgen 

millirem milliroentgen equivalent man 

millirad millirad 

ppm pans per million 

psf pounds per s(j\lare foot X 4.883 = k·g1 m1 
kilograms per cubic meter 

psi pounds per square inch X 57.820 = g;cm' grams per s4uare centimeter 

rad (unit oO radiation 

rem roentgen e4uivalent man 

scfm standard cubic feet 

per minute (see cfm) 

sec seconds 

tonne 1000 kilograms 



1.9.3 Terms and Phrases 

absolute fJ.lter. Obsolete term for HEPA filter. 

acceptance test. A test made upon completion of 
fabrication, installation, repair, or modification of 
a system, unit, component or pa_rt to verify to the 
user or owner that the item meets specified 
requirements. 

activation analysis. A method for identifying and 
quantitatively measuring chemical elements in a 
sample. Atoms in the sample are first made 
radioactive by bombardment with neutrons, 
charged particles, or other nuclear radiation; they 
then give off characteristic nuclear radiation by 
which they can be identified and their relative 
abundance can be determined. 

adsorber. A device for removing gases or vapors 
from air by means of preferential physical conden
sation and retention of molecules on a solid 
surface. Adsorbers used in nuclear applications are 
often impregnated with chemicals to increase their 
activity for organic radioactive iodine compounds. 

adsorber cell. A modular replaceable adsorber ele
ment. 

AEC filter. A HEPA filter with fiberglass medium. 
Obsolete term for HEPA filter. 

aerosol. A dispersion of very small particles and/ or 
droplets in air. 

air cleanup system. A system provided to decon
taminate the air in, or exhausted from, a contained 
space following a system upset or prior to per
sonnel access to the contained space. 

air-generated DOP. See DOP. 

ALAP. As low as practicable. Obsolete term for 
A LARA. 

ALARA. As low as reasonably achievable. The 
design philosophy used to determine the need for, 
or extent of, air cleaning and off-gas facilities, 
based on their cost effectiveness in reducing 
adverse impacts with respect to offsite and onsite 
dose criteria. Formerly known as ALAP. 

bag in, bag out. A method of introducing and 
removing items from a contaminated enclosure 
that prevents the spread of contamination or 
opening of the contaminated space to the at
mosphere through the use of plastic bagging 
material. 

case, casing. The frame or cell sides of a modular 
filter element. 
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clean-air device. A clean bench, clean work station, 
downtlow module, or other equipment designed to 
control air cleanness (particle count) in a localized 
working area and incorporating, as a minimum, a 
HEPA filter and a fan. 

clean-air system. An air cleaning system designed to 
maintain a defined level of air cleanness, usually in 
terms of a permissible number of particles in a 
given size range, within an enclosed working area. 

clean room. An occupied room designed to maintain 
a defined level of air cleanness under operating 
conditions. Inlet air is cleaned by HEPA filters. 

coating. Paint or other protective surface treatment 
applied by brushing, spraying, ordipping(does not 
include metallic plates). 

contained space (contained volume). A building, 
building space, room, cell, glove box, or other 
enclosed volume in which air supply and exhaust 
are controlled. 

containment (containment vessel or building). A 
gastight enclosure around a nuclear reactor or 
other nuclear facility designed to prevent fission 
products from escaping to the atmosphere. 

contaminated exhaust system. An air cleaning · 
system that is designed to remove harmful or 
potentially harmful particulates, mists, or gases 
from the air exhausted from contained space. 

contamination. Any unwanted material in the air, in 
process fluids, or on surfaces. For the purposes of 
this handbook, contamination is usually assumed 
to be radioactive. 

contamination zone. An isolable area which is, or 
which could become, contaminated and which is 
designed to facilitate decontamination. 

controlled area. An area to which access is restricted. 

cover gu. An inert gas, under pressure, provided in a 
contained space or process equipment item to 
prevent inleakage of air. 

critic:ality. The state of sustaining a chain reaction, as 
in a nuclear reactor. When fissionable materials are 
handled or processed, they must be kept in a 
subcritical geometry, configuration, or mass to 
avoid accidental criticality. 

critic:al system, unit, or item. One that is essential for 
adequate or safe operation, failure of which would 
cause loss of function. 

CWS fJ.lter. Chemical Warfare Service filter-a term 
used for a HEPA filter with cellulose-asbestos 
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medium, kraft paper separators, and untreated 
plywood casing. Obsolete term for HEPA filter. 

decay heat. The heat produced by radioactive 
materials as nuclides spontaneously transform into 
other nuclides or into different energy states. Each 
decay process has a definite half-life. 

decontamination. The removal of unwanted sub
stances from personnel, rooms, building surfaces, 
equipment, etc. 

decontamination factor. A measure of air cleaning 
effectiveness; the ratio of the concentration of a 
contaminant in the untreated air or gas to the 
concentration in the treated air or gas. 

demiater. The preferred generic term for devices used 
to remove entrained moisture from air (see 
Thesaurus of Engineering and Scientific Terms). 
Also a trademark of Otto H. York Company. 

design basis accident (DBA). The most serious 
accident that can be hypothesized from an adverse 
combination of equipment malfunction, operating 
errors, and other unforeseen causes. 

design pressure. The pressure that is used for the 
structural design of a unit, component, or system, 
and which includes allowance for forces en
countered under system upset conditions. 

double flltration. An arrangement of two filters in 
series with the second providing backup protection 
against leakage or failure of the first. Also a series 
arrangement intended to increase the total filtra
tion efficiency. 

DOP aerosol. A dispersion of dioctyl phthalate 
(DOP) droplets in air. Monodisperse DOP is 
generated by controlled vaporization and conden
sation of liquid dioctyl phthalate to give a cloud of 
droplets with diameters of approximately 0.3 ,u.m. 
Polydisperse DOP is generated by blowing com
pressed air through liquid dioctyl phthalate and 
exhausting through special nozzles under con
trolled conditions to produce a cloud of droplets 
with a light-scattering mean diameter of ap
proximately 0.7 ,u.m. 

dose. The amount of ionizing radiation energy 
absorbed per unit mass of irradiated material at a 
specific location. In the human body it is measured 
in rems; in inanimate bodies it is measured in rads. 

double containment. An arrangement of double 
barriers in which the second barrier provides 
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backup protection against leakage through or 
failure of the first. 

dry-type fllter. A filter having a medium that is not 
coated with an oil or adhesive to improve its 
retention of large particles. 

enc:losed fllter. A filter that is completely enclosed on 
all sides and both faces except for reduced end 
connections or nipples for direct connection into a 
duct system. Enclosed filters are installed in
dividually because there is a separate run of duct 
to each filter unit. 

engineered safety feature (ESF). A unit or system 
that is provided to directly mitigate the conse
quences of a DBA. 

extended-medium fllter. A filter having a pleated 
medium or a medium in the form of bags, socks, or 
other shape to increase the surface area relative to 
the frontal area of the filter. 

face guard. A screen, usually made from 4-mesh 
galvanized hardware cloth, permanently affixed to 
the face of a filter unit to protect it against damage 
caused by mishandling. 

face shield. A screen or protective grille placed over a 
filter unit after it is installed to protect it from 
damage that might be caused from operations 
carried on in the vicinity of the filter. 

fail safe. A design to give equipment the capability to 
fail without producing an unsafe condition. 

filter. A device having a porous or fibrous medium 
for removing suspended particles from air or gas 
that is passed through the medium. 

filter bank. A parallel arrangement of filters on a 
common mounting frame enclosed within a single 
housing. · 

fmal filter. The last filter unit in a set of filters 
arranged in series. 

functional design. The establishment of airflow 
rates, airflow capacities, types of components to be 
employed, general system layout, operational ob
jectives and criteria, decontamination factors and 
rates, space allocations, and other overall features 
of a system. 

PI chromatoaraph. An analytical instrument used 
for quantitative analysis of extremely small quan
tities of organic compounds whose operation is 
based upon the absorption and partitioning of a 

.. 
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gaseous phase within a column of granular 
material. 

gas residence time. The calculated time that a 
contaminant or test agent theoretically remains in 
contact with an adsorbent, based on active volume 
of adsorbent and air or gas velocity through the 
adsorber bed. 

glove box. A sealed enclosure in which all handling 
of items inside the box is carried out through long 
rubber or neoprene gloves sealed to ports in the 
walls of the enclosure. The operator places his 
hands and forearms in the gloves from the room 
side of the box so that he is physically separated 
from the glove box environment but is able to 
manipulate items inside the box with relative 
freedom while viewing the operation through a 
window. 

HEPA ftlter. High-efficiency particulate air 
filter-also obsoletely known as AEC, CWS, 
superinterception, absolute, and superhigh
efficiency filter. A throwaway extended-pleated
medium dry-type filter with ( l) a rigid casing 
enclosing the full depth of the pleats, (2) a 
minimum particle removal efficiency of99.97% for 
thermally generated monodisperse DOP smoke 
particles with a diameter of 0.3 J..Lm, and (3) a 
maximum pressure drop of 1.0 in.wg when clean 
and operated at its rated airflow capacity. 

bot. Highly radioactive. 

bot cell. A heavily shielded enclosure in which 
radioactive materials can be handled remotely with 
manipulators and viewed through shielding win
dows to limit danger to operating personnel. 

in-box. Refers to an item within a glove box that can 
be handled or manipulated only by means of the 
box gloves or tools within the box. 

in-cell. Refers to an item located within a cell or 
enclosure that can be handled or manipulated only 
by means of manipulators and/ or a crane and 
other tools within the cell. 

in-duct ftlter. Refers to a single-filter arrangement in 
which the filter unit is clamped between two 
sections of duct or taped into a space between two 
sections of duct. 

in-place teat. Penetration test of filter units or 
charcoal adsorbers made after they are installed. 

inches of water. A unit of pressure or pressure 
differential (l in.wg = 0.036 psi). 

9 

ionizins radiation. Any radiation (alpha. beta. or 
gamma) that directly or indirectly displaces elec
trons from the outer domains of atoms. 

isotope. One of several forms or nuclides of the same 
chemical element that have the same number of 
protons in the nucleus and therefore have the same 
chemical properties, but have differing numbers of 
neutrons and differing nuclear properties. 

kidney system. An air cleaning system that recir
culates the air of a contained space. 

leaktiptneu. The condition of a system, unit, or 
component where leakage through its pressure 
boundary is less than a specified maximum value at 
a specified pressure differential across the pressure 
boundary. 

maximum permissible dose. The dose of ionizing 
radiation which competent authorities have 
established as the maximum that can be absorbed 
without risk to human health. 

mechanical desilll. Detailed design of a system 
which results in exact layouts, equipment 
specifications, shop drawings, installation details 
and drawings, sizing and layout of ducts, housings 
and equipment, and other details necessary to 
achieve the objectives and meet criteria-established 
in functional design. 

medium (plural, media). The filtering material in a 
filter. 

mountins frame. The structure to which a filter unit 
is clamped and sealed. 

normal off-gas. The normalgaseousdischarge from a 
process or process equipment item. 

nuclear reactor. An apparatus in which a chain 
reaction of fissionable material is initiated and 
controlled. 

off-gas. The gaseous effluent from a process or 
operation. 

off-line system. One that is not operating or is 
normally held in standby. 

on-line system. One that is operating or is normally 
in operation, as opposed to an off-line system. 

open-face ftlter. A filter with no restrictions over the 
ends or faces of the unit, as opposed to the enclosed 
filter with reduced-size end connections. 

operating pressure. The desired pressure correspond
ing to any single condition of operation. 



overpreuure. Pressure in excess of the design or 
operating pressl,lre. 

particle, particulate. A minute piece of solid matter 
having measurable dimensions. Also a radioactive 
particle (alpha, beta) which can liberate ionizing 
radiation or (neutron) which can initiate a nuclear 
transformation. · 

penetration. The measure of the quantity of a test 
agent that leaks through or around an ctir cleaning 
device when the device is tested with an agent of 
known characteristics under specified conditions; 
penetration is expressed as a percentage of the 
concentration of the test agent in the space 
upstream of the air cleaning device. 

poison. Any material that tends to decrease the 
effectiveness of an adsorbent by occupying adsorp
tion sites on the surface of the adsorbent or by 
reacting with the impregnants in the adsorbent. 

prefilter. A filter unit installed ahead of another filter 
unit to protect the second unit from high dust 
concentrations or other environmental conditions. 
The prefilter usually has a lower efficiency for the 
finest particles present in the aerosol than the filter 
it protects (see roughing ftlter). 

production test. A test made on each item or a 
sample of items or product from a production run 
to verify that the item meets specification re
quirements. 

PSU adsorber. An adsorber that is permanently 
installed in a system and that can be emptied of and 
refilled with adsorbent without removing it from 
the system. 

qualification test. A test made on a product or 
equipment item when it is proposed as a candidate 
to meet certain service requirements, which will 
verify to the user or owner that the item can meet 
his requirements (see production test). 

rad. Radiation absorbed dose, the basic unit of 
ionizing radiation. One rad is equal to the absorp
tion of 100 ergs of radiation energy per gram of 
matter. 

radiation. The propagation of energy through 
matter or space in the form of electromagnetic 
waves or fast-moving particles (alpha and beta 
particles, neutrons. etc.). Gamma rays are elec
tromagnetic radiation in which the energy 1s 
propagated in "packets" called photons. 
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radioactivity. The spontaneous decay or disintegra
tion of an unstable atomic nucleus accompanied by 
the emission of radiation. 

redundant unit or system. An additional and in
dependent unit or system which is capable of 
achieving the objectives of the basic system and is 
brought on-line in the event of failure of the basic 
system. 

rem. Roentgen equivalent man. The unit of ab
sorbed radiation dose in rads multiplied by the 
relative biological effectiveness of the radiation. 

roughing ftlter. A prefilter with high efficiency for 
large particles and fibers but low efficiency for 
small particles; usually of the panel type. 

scrubber. A device in which the gas stream is brought 
into contact with a liquid so that undesirable 
components in the gas stream are removed by 
reacting with or dissolving in the liquid. 

separators. Corrugated paper or foil (usually 
aluminum alloy or plastic) used to separate the 
folds of a pleated filter medium and to provide air 
channels between them. 

service environment. The aggregate of conditions 
(temperature, pressure, humidity, radioactivity, 
chemical contaminants, etc.) that surround or flow 
through a system, unit, or component while serving 
the conditions of design. 

shielding. A mass of absorbing material placed 
around a radioactive source to reduce ionizing 
radiation to levels not hazardous to personnel. 

shock overpressure. The pressure intensity over and 
above atmospheric or operating pressure produced 
by a shock wave from an explosion, a suddenly 
closed damper, or other event. 

specific radioactivity. Radioactivity per unit weight 
of a material. 

spill. Accidental release of radioactive or other 
contaminating materials. 

split system. A filter system consisting of two or 
more trains operating in parallel; one or more of 
the trains may be on standby. 

standby system. One held in reserve. 

surveillance test. A test made periodically to es
tablish the current condition of a system, unit, 
component. or part. 



system upset. An accident, system malfunction, or 
transient condition. 

teat program. A formalized schedule of tests which 
specifies the sequence of tests, the procedures to be 
employed, and the acceptance criteria. 

train. A set of components arranged in series. In a 
filter system this may be as simple as a damper, 
HEPA filter, fan, and damper or as complex as a 
damper, condenser, moisture separator, heater, 
prefilter, HEPA filter, charcoal adsorber, another 
charcoal adsorber, HEPA filter, fan, and damper. 

treatment. The process of removing all or a part of 
one or more chemical components, particulate 
components, or radionuclides from an off-gas 
stream. 
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11. FILTRATION THEORY 

An air stream is broken up into many 
smaller streams as it traverses the narrow, tortu· 
ous passages within a porous filter bed and en· 
trained dust particles are brought into close 
proximity to the filter elements. Filtration takes 
place when a dust particle in the air contacts a 
filter fiber and sticks to it. All filters remove 
particles very much smaller than the smallest 
pores or openings so that removal of particles by 
"straining" is not a major consideration. 

As a matter of fact, if particles were re· 
moved by straining, all pores would soon become 
completely clogged by one or more particles and 
air flow would cease. Instead. particle deposition 
takes place throughout the depth of the filter 
and, ideally, a dense, high resistance dust layer 
does not build up on the filter surface. 

Deposition of particles on filter fibers occurs 
in several ways. It is believed that electrostatic 
attraction between particle and filter may be of 
importance in some cases. It is known that many 
airborne particles possess a measurable electrical 
charge and it has been theorized that filters com· 
posed of synthetic plastics capable of acquiring a 
substantial electrical charge by friction would 
make excellent filters. In practice, results with 
plastic filter elements have not been especially 
impressive. At the present time too little is 
known about the role of electrostatic charge in 
air filtration. 

Direct interception also plays a part in filtra
tion; in effect, a particle flowing through the 
porous bed literally bumps into a fiber directly 
in its path. This filtration action, like straining 
and electrostatic charge, is believed to be of 
minor importance in the majority of cases. 

Most dust separation takes place by impac· 
lion and by diffusion. Diffusion accounts for the 
collection of small particles, i.e., those less than 
1.0 micrometer and especially those less than 0.1 
micrometer, while impaction is generally effective 
for larger particles. 

IMPACTION 

As air flows through a filter, it encounters 
obstacles in the form of randomly-oriented fibers 
and it must bend or change its direction to flow 
around these fibers. 

Because of their inertia, particles resist 
change in direction and tend to continue on in 

their original paths and to collide with fibers 
regardless of the changing path of the air. 

• __ __. . .,____,.,.... 

The effectiveness of particle collection by 
impaction is improved by increasing filtration 
velocity and decreasing the diameter of the filter 
fibers. For a given filter and air flow rate, collec· 
tion efficiency improves with particles of larger 
size. 

DIFFUSION 

In some respects, very small particles behave 
as true gases. If a difference in concentration of 
particles exists in one area of the air stream, 
particles from another area tend to diffuse from 
the region of higher to the region of lower con· 
centration until a uniform distribution is reached. 

Since the concentration of particles in the air 
in the vicinity of a fiber surface is zero (i.e., 
particles contacting the fiber surface are held and 
cannot be re-entrained into the air stream ) , par
ticles "stream" or "diffuse" from the main body 
of gas toward the fibers. Diffusion is favored by 
small diameter filter fibers and low gas velocities 

through the filter bed and is effective for small 
particles only. 

© FLANDERS FILTERS. INC. FOREMOST PRODUCERS OF HEPA FILTERS AND SYSTEMS FOR SCIENCE AND INDUSTRY·SINCE 1!150 
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when the filter resistance exceeds the mechanical 
strength of the fibers, whereas beds of stiff, large
diameter fibers remain rigid even when plugged 
with dirt. (although there is a tendency for dirt 
to blow through the rigid structure when dust 
buildup is excessive). Filters composed of coarse 
fibers, as well as electrostatic precipitators, are 
customarily coated with a sticky oil to prevent 
dirt "blowoff". 

Service life is an important filter character
istic since it is directly related to the cost of re
placement and maintenance services. 

II. FILTER TESTING 

Several standard tests have been developed 
for rating air filters. Historically, a method pro
posed by the American Society of Heating and 
Ventilating Engineers ( ASHVE) in 1933 was the 
first to receive general acceptance for testing panel
type air filters for supply air service and it is still 
in use today. In 1938, the National Bureau of 
Standards (NBS) proposed a test method having 
special application for electrostatic precipitators 
but it was used, also, with filters capable of 
capturing particles of small size. In 1951, one 
filter manufacturer proposed a modified ASHVE 
test in which a series of test dusts of narrow 
particle size range would be used for filter evalu
ation. Another group of approximately a dozen 
filter manufacturers, acting together as the Amer
ican Filter Institute ( AFI), proposed a different 
modification of the ASHVE test and have sub· 
mitted it to the U.S. Dept of Commerce for 
acceptance as a voluntary trade standard. 

During World War II the Army Chemical 
Corps engaged in extensive research and develop· 
ment activities directed toward improving smoke 
filters for use in service gas masks. Since gas mask 
filters must possess filtration efficiencies far greater 
than those required of supply air cleaners, the 
ASHVE and NBS tests were totally inadequate as 
they lacked the ability to discriminate between 
smoke filters of varying capability. Therefore, the 
Chemical Corps adopted the DOP test which is 
based on the use of a diactyl phthalate test smoke 
of extremely small size and an optical evaluation 
of the smoke fraction penetrating the filter. 

Many other test methods and test aerosols 
have been used for experimental studies of filter 
performance but most commercial filters are rated 
by one or more of the above test methods. There· 

fore, each will be described in some detail and its 
proper field of application and limitations noted. 

A. ASHVE Test• 

For this test a filter is operated at its rated 
air flow capacity and a known weight of a pre· 
pared dust is injected into the air supply to the 
filter. A measured fraction of the cleaned air is 
passed through a sampling filter and the collected 
dust determined by weight. Filter efficiency is de
termined on a weight retention basis from the 
dust loading in the cleaned air and the dust load· 
ing in the entering air, calculated from ( 1) the 
known weight of dust fed to the filter ( 2) the air 
flow rate and ( 3) the duration of the test. Dust 
loading to the filter should be approximately 1 
grain per thousand cubic feet and the duration of 
the test at least 30 minutes. 

The test dust is composed of 50% by weight 
lamp black and the remainder ash from Poco· 
hontas coal passing a 200 mesh screen (i.e. < 7 4 
microns in size). 

The principal objections to the ASHVE test 
are as follows: 

1. since the test dust dispersal mechanism 
does not break up the lamp black fraction into 
unitary particles and since the coal ash contains 
many large particles,in any case, even the poorest 
air filters receive high dust retention ratings by this 
test. All filters reasonably effective for the re
moval of ordinary atmospheric dust uniformly 
give >99% dust retention- efficiency by the 
ASHVE test. Therefore, it is a reasonable test 
method for filters designed to remove only the 
very coarsest atmospheric particles. 

2. the test dust is not adequately specified 
so that users may be assured of starting with the 
same particle size content. In addition, the dust 
dispersal mechanism has not been sufficiently 
well defined to prevent very great variations in 
size composition of test dusts generated by vari· 
ous laboratories. Consequently, it has been diffii· 
cult to duplicate test results in other laboratories. 

3. dust is injected at a single point upstream 
of the filter and good dust distribution across the 
entire face of the filter is not always obtained, 
especially with filters having very low air flow 
resistance. 

4. when poor dust distribution exists ahead 
of the test filter, considerable difficulty may be 

•This in/orm41ion bill b,, JIIPirSIIJ.J by riC,, A.SHRA.E 1111 crillritl. CompUII m/orm41ion Will nollll!tlil4bl•lor lhis prinling. 
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experienced in obtaining a truly representative sam
ple on the clean air side of the filter undergoing 

tests. 

B. ASHRAE Test Description 

ASHRAE Standard 52-68 is a method of test
ing air cleaning devices used in general ventilation for 
removing particulate matter. The test procedures 
described in this standard are based on principles 
employed for many years in determining the com
parative performance of air cleaning equipment. The 
standard defines terms used in the industry. It 
clarifies ambiguities such as the difference between 
the Dust Spot Test Procedure and a test employing 
injection of a synthetic aerosol such as ASHRAE 
standard test dust. 

None of the other tests described herein yield 
results which are absolutely reproducible. However, 
the use of the methods described in ASHRAE 52-68 
will at least assure that each tester of air filters will 
be using standardized methods and equipment. 

The standard describes the Atmospheric Dust 
Spot Test and equipment in detail, and how to 
determine the efficiency of an air cleaning device 
when using that method. It also describes synthetic 
dust loadings, and how to determine dust arrestance, 
and how to graphically display such pairs as efficien
cy versus dust loading, and pressure drop versus dust 
loading. 

The ASHRAE 52-68 test is a test procedure 
based upon the atmospheric test method to deter
mine filter efficiency. Using a synthetic dust loading, 
it also determines arrestance. 

The term efficiency refers only to those tests 
which are related to atmospheric air and its contami
nants. The term arrestance refers to tests which 
measure the weight of a synthetic dust which has 
been injected into the airstream. 

Efficiency is determined by opacity of filter 
targets. Two fllter targets are employed. One is 
located downstream of the filter being tested and is 
run 100% of the time. The other is located upstream 
of the filter and is run intermittently as controlled by 
a percentage meter. The percentage of "on" time 
for the upstream sample is adjusted so that both 
upstream and downstream targets are of equal opac
ity at the end of the tests. 

Efficiency then (in percent) E=lOO (1-~ • ~ \ 
\ 02 0 ;; 

Where: 0 1 -total quantity of air drawn through the 
upstream target. 

02 - total quantity of air drawn through the down
stream target. 

0 
1

- Opacity of dust spot on upstream target. 

0 - Opacity of dust spot on downstream target. 
2 

Arrestance is determined by feeding a standard 
test dust* into a wind tunnel which. holds the test 
filter. Increments of dust are fed into the test filters 
(each increment not to exceed 2 grn per I 000 CFM 
of test air) until the filter reaches a given pressure 
drop. Any dust that is passed by the test filter is 
captured in an accurately weighed (to nearest 0.5 grn) 
HEP A filter. Then, the fan is shut off and the filter is 
weighed again. All dust in the duct between the test 
filter and the HEP A filter is collected and weighed. 

The arrestance is determined as follows: 

(

1 W2 ) 
A=lOO W l 

W 
2 

-weight of dust passing test filter. 

W 
1 

-weight of dust fed. 

* Composed of 72% by weight standardized air 
cleaner test dust fine; 23% Molocco black, 5% by 
weight no. 7 cotton linter ground in a Wiley Mill to 
pass a 4 mm screen in the mill. 

For example: Suppose 600 grns of dust were 
fed, and the total amount of dust passing the test 
fllter was 100 grn. Then W2=lOO gm 

A = 100 (1-
100 

gms.) 
600 gms. 

=100 (t - .17) 
=83% 

w 1=600 grn 
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C. NBS Discoloration Test 

The purpose of this test is to measure the 
reduction in soiling properties of ventilation air on 
the assumption that this is one of the major ob
jectives of supply air cleaning. It is a more rigorous 
test than that provided by the ASHVE method. 
Samples of cleaned and uncleaned air are drawn 
through white paper sampling filters simultaneously 
and the sampling rate of the cleaned air adjusted until 
the two white sampling filters discolor at the same 
rate. Dust collection efficiency is determined from 
the ratio of the two sampling rates. Discoloration of 
the test filter papers is measured with a photocell 
by noting the decrease in intensity of a standard 
illumination source shining through the paper. At
mospheric dust is commonly used as the test material 
for electrostatic precipitators and the more efficient 
types of fibrous filters. For less efficient filters, 
and for accelerated tests, the NBS specifies an 
artificial test dust composed of 96% by weight of 
Cottrell-precipitated pulverized fuel fly ash plus 4% 
carbon black. In addition, cotton linters may be 
injected into the air stream to test lint holding capa
city of a filter. 

The principal objection to the NBS discol
oration test (using outdoor air as the test aerosol) is 
that atmospheric dust varies in size, loading, and 
composition depending on location (e.g. rural, urban, 
and industrial atmospheres), season and weather (dry, 
windy weather produces large quantities of coarse 
airborne dust whereas practically all dust disappears 
following a rain or snow storm). Therefore, it is 
often impossible to duplicate results from day to day 
or from city to city. Objections to the NBS test 
using the resuspended synthetic test dust are similar 
to those cited for the ASHVE test. 

D. Fractional Particle Size- Efficiency Air Filter Test 

This test follows the procedures of the ASHVE 
method quite closely except that it substitutes size
graded fractions of Arizona road dust for the test 
dust composed of 50% Arizona road dust and 50% 
lamp black. Five test dusts are prepared by elutri
ation and size graded into fractions containing par
ticles of 0-5, 5-10, 10-20, 2040 and 40-80 micro
meters. The unknown filter is tested successively 
with each of the sized dust fractions and the test data 
plotted to yield a smooth curve showing filter 
efficiency (expressed as the % by wt. retained) for 
each particle size in the range 0-80 micrometers. 

From the theoretical standpoint, this procedure 
represents an excellent test method, as the results can 
be used to estimate filter efficiency against a wide 
variety of aerosols. Further improvements, compared 
to the ASHVE test, include injection of the test dust 
at 4 points in the duct cross section (instead of a 
single dust feed point) and an improved dust disper
sion mechanism. 

Objections have been raised that the dust 
separation techniques do not yield fractions suf
ficiently uniform in siz~ to make the results obtained 
by this method very reliable. In any case, as the 
procedure requires 5 times as many filter efficiency 
tests as the ASHVE and NBS methods, its use has not 
been widely accepted. 

E. AFI Test Code 

Section I of the AFI test code, applying to unit 
viscous impingement and dry-type air filters used in 
general ventilation, and Section II, applicable to 
electrostatic precipitators and filters capable of re
moving the discoloring particulate materials from 
atmospheric air are the only parts now available. 
Section III, for testing self cleaning impingement 
type filters, has not been published as yet. Section I 
of the AFI test is closely similar to the ASHVE test 
procedure but seeks to improve it by specifying a 
standard test dust available from a commercial 
source. Dust content of the cleaned air is determined 
not from sampling downstream of the filter, as in the 
ASHVE test and NBS test, but by passing all the 
cleaned air through a second filter (capable of retain
ing not less than 99% of the dust passing the test 
filter) and measuring the weight increase. As in the 
ASHVE and fractional size-efficiency test, inlet dust 
loadings are determined from the weight of dust fed 
into the air stream over a known time interval and a 
knowledge of the air flow rate. In addition, the dust 
dispersal mechanism and operational details are close
ly regulated so that although there is no assurance 
that the bulk powders are completely dispersed, it is 
claimed that there is at least good reproducibility of 
the size characteristics of the aerosol that is pro
duced. 

The test dust selected by the AFI contains 72% 
Arizona road dust-fine; 24% K-1 carbon black and 
3% no. 7 cotton linters. 

Section II of the AFI test is a modified NBS 
atmospheric dust discoloration test. The test equip
ment and manner of conducting the test are specified 
in considerable detail. 
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F. DOP Test For Filter Efficiency 

As practiced by the Army Chemical Corps, a 
homogeneous dioctylphthalate fog is generated by 
mixing air containing DOP vapor at 170°C and clean 
air at 25° C in a volume ratio of 1 :4. The concen
tration is adjusted to about 40 grains per thousand 
cubic feet and particle size to 0.3 micrometer. Com
mercial filters are usually tested at 5 and filter papers 
at 10.5 fpm air velocity. Particle size and smoke 
concentrations upstream and downstream of the test 
mter are determined to a very high degree of 
accuracy by optical methods utilizing the relative 
amount of light scattered by the smoke particles. 

G. DOP Test For Detecting Pinhole Leaks 

The nineteen sixties was the decade of the aero
space and micro electronics industry. Before this 
time the uses for the absolute filters were largely for 
radioactive containment. Although there are many 
other industries that use HEPA filters today, none 
was so important to the growth into commercial 
application as the aerospace and electronics indus
tries. With the miniaturization of parts and the 
requirements for exacting tolerances, engineers began 
looking for methods of isolating or controlling the 
areas that were critical in the production or use of 
these parts. It was no accident that HEPA filters 
used to "contain" radioactivity were selected as the 
best and simplest means of controlling harmful air
borne contaminants. Early in the sixties means were 
developed to test clean rooms and clean benches 
which used absolute or HEPA (High Efficiency 
Particulate Air) filters. HEPA filters had always been 
tested for their overall efficiency at the manu
facturer's plant, but never had they been subjected 
to leak testing. It was something of a discovery 
to fmd that a filter that was 99.97% efficient on 
three tenths of a micron could possibly have detect
able leakage. The demand for no-leak or zero-probe 
fLlters forced manufacturers to establish a second 
factory test in addition to the efficiency test for 
buyers wishing leak-tested ftlters. Flanders calls 
ftlters which have been given the probe test SUPER
SEAL filters. These filters have the additional 
designation "·SL" as a stock number suffix. Hence, 
a filter that normally would be a (ex.) 7C70-L would 
become 7C70-SL. These filters are catalogued as 
Laminar Flow Grade filters. 

The probe or scan test as it is usually called 
varies from the "hot" or thermally-generated DOP 

test in several ways. First it is a probing of the entire 
downstream side of the filter to detect "pinhole" 
leaks. The challenge medium is dioctylphthalate oil 
which is generated into an aerosol or "cold" fog 
using air pressure. This aerosol differs from the 
"hot" DOP in that particle size is not fixed, but 
covers a range from 0.35 microns. The upstream 
concentration is fixed at an established amount. A 
leak is determined as any downstream reading greater 
than 0.0 I% of the upstream concentration. 
Particle Size Distribution (Ambient Operating Tem
perature) 

99% Less than 3.0 micron 
95% Less than 1.5 micron 
92% Less than 1.0 micron 
50% Less than 0. 72 micron 
25% Less than 0.45 micron 
10% Less than 0.35 micron 
The instruments used to detect pinhole leaks 

in HEPA filters are simpler, far less expensive and are 
portable compared to the massive instrument that 
is used to gauge a filter's efficiency. Most probe
tested filters are used in areas such as clean rooms 
clean benches, and hoods. In other words, wher~ 
laminar flow is required the requirement is almost 
always for a probe-tested filter. The specifications 
relating to probe tested filters and clean rooms are 
listed in the clean room systems and products section 
of our catalog. 

Summary 

Test codes generally provide for the evaluation 
of filter resistance by measurement over a range of air 
flow rates. Dust retention capacity is defined by the 
AFI code as the weight of the dust in grams which 
the filter will retain before either (a) 3 consecutive 
arrestance values are less than 85% of the peak arrest, 
ance or (b) resistance of the device reaches the limit 
recommended by the manufacturer. 

In practice, a viscous coated, impingement type 
ftlter, capable of retaining 80-95% by wt. of the 
ASHVE, NBS and AFI redispersed standard test 
dusts would not be likely to give more than 40-60% 
efficiency by the NBS discoloration test using re
suspended fly ash as the test aerosol nor more than 
10-30% efficiency by the NBS discoloration method 
using atmospheric dust as the aerosol. 

Figure 4 summarizes the important charac
teristics of the various test codes. The ASHVE, 
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' 
Tnt Method Tnt Oust Method of Method of Method of Clen of filters for 

eveluating inlet evaluating outlet evaluating filter which tnt method ' dust lotding dustlotding efficiency is most applicable 

ASHVE Synthetic dust com- Pr•weighed charge Air is sampled and Percent retention Viscou...:oated impin~ 
poled of 50% l...,p of dust fed to weight increaM of bV weight ment·IYPt ventilation 
black arid 50% ash filter sample filter air filters 
from Pocahontus coel measured 
paning 200 mesh 

sieve 

ASHRAE Atmospheric dust Staining or discolor· Same as inlet Percent reduction Electrostetic precipite-
Efficiency ation of a white in discoloration tors and fibrous lir 

filterp- properties filters capable of 
effecting subltentiel 

reduction in steining 

properties of ventil• 
tion air 

ASH RAE 72% Standardized air Staining or discolor· Air is sampled and Percent retention Electrostatic precipit• 
Arrestance. cleaner test dust, ation of a white filter weight increase of bV weight ton and fibrous air 
Oust Loedin! line. 23% Molocco paper sample filter filters capable of 

Black. 5% no. 7 measured effectingsubstential 
cotton linters reduction in staining 

properties of ventila· 
tion air 

NBS (al Atmospheric dust Staining or discolor· Same as inlet Percent reduction Electrostetic precipitors 
ation of a white in discoloration and fibrous air filters 
filter paper properties capable of effecting 

-..bstantial reduction in 

steining properties of 

ventilation air. 

NBS (b) Synthetic dust com· Same as when using Same as when using Same as when using Same as for ASHV E test 
poled of 96% Cot· atmospheric dust atmospheric dust atmospheric dust method. In addition may 
trell-precipiteted be used as an accaler- (4 
pulverized coal fly ated test of air cleaners 
ash and 4% lamp for which atmospheric 

black. Cotton linters dust is a suiteble test dust 
mey be introduced 

from a separate feed 
nozzle 

Fractional Arizona Standard Air is sampled and Same as inlet Percent retention Same as for ASHVE test 
Efficiency Road Oust-fine, weight increaM of dust loeding by weight for method. Smallest size 
Method separated into 5 sample filter eech size fraction fraction mev heve lip-

fractions containing measured plication to tests on 
particles between filters capable of r• 
0-5, 5-10, 10-20, moving staining fraction 

20-40, and 40.80 of atmospheric dust 

micrometers 

AFI Synthetic dust com- S....e 11 for ASHVE All of claaned air Percent retention S....e as for ASHVE lett 
Section I poled of 72% lett paned through a btweight method 

Arizone Stendard Pr•weighted filter 
Rotd Oust Fine, 25" capable of retaining 
K·1 cerbon bleck, dust penetrating 

3% No. 7 cotton filter undergoing tet 
tinters 

AFI Atmospheric dull Steining or discolor· S....e as inlet Percent reduction Electrostetic precipitetors 

Section II etion of a white in diecoloretion and fibrous eir filters 
filter peper propertin cepable of effectine 

.. bstentiel reduction in 
staining properties of 

ventilation eir 

OOP Oropletl of Electronic meesur• S....e as inlll Pwcent by number Ablolu•tvPt filters end 
Efficiency dioetyl- ment of amount of loedino of droplets thoee ~ing similer 

(MII·Sic:t·212) phthelate; light scattered by pantlrating filtration cheracteristiel 
uniformly 0.3 OOP filter 

micrometer in size 
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tractional particle size-efficiency, and AFI Section 
1 tests are applicable only to viscous-coated lm· 
pinaement-type panel filters effecti~e for the c~l
Jection of fibers and coarse particulate matenal. 
The NBS and AFI Section II tests, based on dis
coloration. are applicable to the testing of elec
trostatic precipitators and air filters capable of 
removina areater than 95% of the weight of dust 
plus substantial fractions of the fine (less than I 
micrometer) stain-producing fractions. The DOP 
test is reserved for evaluating the most efficient 
filters (called absolute filters) and others of some
what lesser capabilities. 

Adjusting DOP test equipment for particle size. 

All the test methods yield comparative results 
only, which may or may not be an accurate reflec
tion of results obtainable in practice. The tests are 
useful as an indu of performance and may be val
uable for comparing one filter with another under 
identical conditions. The wide range of air contam
inants encountered in practice and the varied require
ments of users make the application of a single 
universal filter test impractical. However, among the 
several tests which are available it is usually possible 
to select one which most closely duplicates the 
conditions under which the filter must operate. 

Measuring concentration of smoke upstream of filter. 
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Efficiency Testing or, The "Hot" DOP Test 

By definition, a hepa filter has a minimum effi
ciency of 99.97% when challenged with a thermally 
generated dioctylphthalate (DOP) aerosol whose 
particle size is 0.3 micrometers (homogeneous
monodispersed). This efficiency is a manufac
turing standard above which the filter producer 
must remain although at Flanders most hepa filters 
exceed that efficiency and average above 99.98%. 
Since a filter's efficiency increases as it accumulates 
particulate matter in service, the initial efficiency 
is the lowest efficiency during the life of a filter. It 
is important to note that a filter's initial (clean) 
DOP efficiency represents the average initial 
efficiency of that filter. Minute areas of greater 
penetration, either in the edge sealant between 
the filter element and the filter's integral frame 
or in the element itself, are often present, but when 
the filter is tested these are diluted by the greater 
.1mount of clean air passing through the filter. 
They can be tolerated as long as the overall 
penetration through the filter does not exceed 
.03%. (Note: 100%- .03% = 99.97%.) 

The instrument used to test filters for efficiency 
is commonly referred to as the "hot" DOP 
machine because it uses thermally generated par
ticles to challenge the filter. The hot DOP test 
was a joint development of the U.S. Army and 
U.S. Navy and is performed on a forty foot long 
apparatus called a Q 107 Penetrometer. As shown 
in the fi Iter label Figure 1, when a fi Iter is tested on 
the penetrometer two values are taken, the penetra
tion reading and the pressure drop at a specified 
flow rate (Test Flow). At Flanders these values are 
recorded on a serialized label that is applied to 
each filter. Rarely is the information alike on 
any two filters. Filters larger than 24" X 12" 
X 5-7/8" are individually packaged and a dupli
cate label appears on each filter carton. Addition
ally, a report is sent to the buyer listing the pene
tration and pressure drop readings relative to the 
serial number on each filter. 

~ Flmufm®~ 
INDUSTRIAL GRADE HEPA FILTERS 

TYPE A FILTER PER IES CS-1T 
MFG. Dy FLANDERS FIL TEllS. INC. 
·--.NC: Doll•. n 
(IIIIM&-1011 (21.11!12-

MODEL NUMBER AND SIZE DESIGNATOR 

007-C-04-05-1 L GG-F 
TO REORDER USE MODEL NUMBER AND SIZE DESIGNATOR 

RESISTANCE, IN. W.G.f TEST FLOW ONLYj PENETRATION 

.7 T 1000 CFM I .014 

-
MADE UNDER OR COVERED BY SERIAL NO. ONE OR MORE OF THE FOLLOWING 
~A TENTS 2952.333. 3•86.311 

3.s•o 079 or RE 27 101 I 562695 
~ -

TEST FLOW DIRECTION ONLY < 
NOTE . F~R "'AY BE OPERATED WITH AIRFLOW EITHER 

DIRECTION 

Fig. 1 

A Flanders Industrial Grade Hepa Filter Label with 
typical test results entered on the label. Originally, hepa 
filter specifications called for a maximum pressure drop 
of 1"w.g. at 1000CFM for a 24"x 24"x 11 1/2" size filter. 
Most nuclear specifications still require this. However, 
many filters perform better and manufacturers have rated 
separator type filters as high as 1200 CFM at 1 "w.g. 
This difference between Test Flow and Rated Flow has 
caused some confusion in the industry. 

The specification, Ml L-STD-282, DOP Smoke 
Penetration and Air Resistance of Filters, describes 
the operating procedure for testing filters with 
the penetrometer and is referenced throughout 
industry. In order to comply with the definition 
of a hepa filter, each filter is required to be tested 
for resistance and efficiency. I ES CS-1 T states, 
"Hepa Filter ... having minimum particle collec
tion efficiency of 99.97% for 0.3 micron (microm
eters) thermally-generated d ioctylphthalate ( DOP) 
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particles, and maximum clean pressure drop of 
1.0 inch water gage ... ". A manufacturer cannot 
certify that a filter is a hepa filter unless he owns a 
penetrometer and has had it calibrated according 
to industry-accepted standards. A type A filter, 
per IES CS-IT, is "One that has been tested for 
overall penetration at rated flow with thermally 
generated DOP smoke ... ". This is the equivalent 
of the Flanders Industrial Gr;:~de Hepa Filter. 

The DOP Test (Figure 2) begins with the manu
facture of particles that are homogeneous in size 
(0.3 pm) to form a monodispersed aerosol. To test 
a filter at 1000 CFM on the Q 107 Penetrometer, 
outside air is drawn into a duct at 1200 CFM and 
then divided through three parallel ducts at 85, 
265 and 850 CFM (200 CFM is eventually 
exhausted through an alternate exhaust path). As 
shown in Figure 2, the top duct contains three 
banks of heaters and a DOP oil reservoir with a 
fourth heating element beneath the reservoir. The 
center duct contains a cooling coil and a bank of 
heating elements. The air passing through the top 
duct is heated to approximately 365° F and is 
then impinged through an orifice onto the DOP 
oil in the reservoir. The heating causes the DOP 
oil to evaporate and it is then carried forward to 
the confluence of the top and center ducts where 

n Test Box 

: I Exhaust Hood 

'I 
! I 

Hepa 

Filter.w.::~~ 

L~~··•:· 
~ I 

DOP Challenge 
Aerosol 

Fig. 2 

Location of Instrumentation 
(Photometer, magnehelic gage,etc.) 
(not shown) 

Q 107 Penetrometer (Instrumentation not shown) 

it is quenched with the cooler air from the center 
duct. The 0.3 micrometer particle size is con
trolled here by maintaining the temperature at 
72° F. By increasing or decreasing the temperature 
the particle size can be increased or decreased. 

Next, the combined airflow from the upper two 
ducts is mixed with the remaining 850 CFM from 
the bottom duct. A series of baffles mixes the 
aerosol (smoke) thoroughly into the airstream to 
distribute the aerosol uniformly prior to chal
lenging the filter. A similar set of baffles is 
located on the exhaust side of the filter being 
tested to thoroughly mix the effluent. An 
upstream sample is taken and, when the aerosol 
concentration reading is between 80 and 100 
milligrams per liter, that value is accepted as a 
100% challenge. Next, a reading(% concentration) 
is taken downstream of the filter (downstream 
of the baffles so that any leakage is thoroughly 
mixed into the effluent) and is compared to the 
upstream value. This is read as a penetration, 
that is, if the downstream concentration is .04% 
that is the percentage of the upstream value 
that has penetrated the filter. When subtracted 
from the 100% value, the filter would have an 
efficiency of 99.96% and would be rejected. 

Inlet Filter 
Housing 

~ r
:'" ) 
I~~~~ 

~1~ 

Air Ducts 
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Instrumentation Q 107 Penetrometer 

( 1) Temperature Controllers: 
(a) Hot Air@ (approx.) 365° F. 
(b) Oil Reservoir@ 390°F. 
(c) Quench Air@ 72° F. 

(2) Mechanical Analyzer: 
This enables the operator to determine when 
he has the correct particle size. Smoke is 
drawn through a chamber and in between 
two photomultiplier tubes. The operator 
reads the particle size on the Size Indicator. 

(3) Linear Photometer (.002 to 100%): 
This is used for reading the upstream and 
downstream samples and comparing them. 
The downstream value as a percentage of the 
upstream value is the Penetration. 

(4) Manometer: 
Determines the pressure drop across the filter 
at the test flow. 

(5) Averaging Pitot Tube Systems: 
Enables the operator to determine the volume 
of airflow through the filter. 

Probe Testing or, The "Cold• DOP Test 

Realizing this, early researchers into clean room 
techniques developed a procedure to scan or probe 

• 

Most containment requirements are satisfied by 
achieving average filter bank efficiencies of 99.95% 
or greater. A single pass through a correctly 
installed and field tested filter or bank of filters 
is sufficient to accomplish this efficiency although 
most nuclear facilities, because of additional safety 
related considerations such as fire protection and 
redundancy, can have two or more banks of 

the downstream face of a bank of filters in a •.. 
laminar flow system, not only to locate pinhole 
leaks in the filter element, but to determine 

hepa filters in series on the exhaust of their HVAC 
systems. As previously stated, the areas of greater 
penetration that can occur on hepa filters, 
frequently called "pinhole leaks", are tolerated as 
long as the overall penetration does not exceed 
.05%. 

This is not the case in laminar flow systems (clean 
work stations, clean rooms, downflow hoods) 
where the hepa filters are located at the terminus 
of the air supply entering the clean room or work 
area. In order to dilute the pinhole leak with the 
greater volume of clean air passing through the 
filter, either a considerable distance or some 
method of agitating such as a baffle would be 
required. Of course a baffle would be pointless 
in a laminar flow clean room. Therefore it could 
happen that the product or process requiring 
particulate free air during its manufacture or 
assembly could be located directly downstream 
of a pinhole leak. 

whether the filters were sealed to their mounting 
frames. A challenge aerosol, usually a cold DOP 
with a particle size range of from 0.1 to 3.0 micro-
meters (polydispersed). is generated and introduced 
upstream of the filter bank while the system is in 
operation. The downstream side is probed with a 
portable forward light scattering photometer. 
Pinhole leaks and filter-to-frame leaks are identi-
fied and patched. 

Hepa filter manufacturers, confronted with the 
prospect of failing a field test that could locate 
defects escaping detection in the overall effi
ciency test with the 0 107 Penetrometer, began 
to factory probe filters destined for laminar flow 
clean rooms. In time, this additional test require
ment became an industry standard. The Type 
C filter, per I ES CS-IT, is "One that has been 
tested for overall penetration ... and in addition 
has been leak tested using air generated DOP 
smoke ... ". This is the equivalent of the Flanders 
Laminar Flow Grade Hepa Filter. • 
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Fig. 3 

immersed in 
OOPOil. 

Photometer* 

Challenge aerosol 
is drawn into 
blower from the 

---

A -. 
I 

-
/ 

/ 

4 
I 

I 
/ 

Test Fixture 

*NOTE: During actual testing 
photometer faces technician. 

The "Cold" DOP Test- the entire filter face is scanned for pinhole leaks. (photometer has been turned 90° toward viewer). 
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As shown in Figure 3, there are three maJor com
ponents used to perform the "cold" OOP Test; 

...,e DOP generator, the test box (plenum) with 
otor/blower and the light scattering photometer. 

(The vernacular description "cold"OOP test 
frequently is used to distinguish between the poly
dispersed OOP aerosol generated at ambient tem
peratures and the thermally generated mono
dispersed aerosol.) 

In this case the DOP aerosol is generated by forcing 
air at 20-25 psig into liquid DOP contained in a 
reservoir. A sufficient challenge of 10-20 micro
grams per liter can be maintained by using one 
Laskin nozzle per 500 CFM of air or increment 
thereof. 

A single Laskin nozzle is illustrated in Figure 4. 
There are two sets of holes in the nozzle, one set 
of four holes is located directly beneath the collar 
around the bottom of the tube. The second set of 
four is located in the collar with each hole being 
positioned directly above the corresponding hole 
at the base of the tube. The air flowing out of the 
holes in the tube causes the OOP oil to be drawn 
through the holes in the collar, fragmenting the 
liquid into an aerosol. Unlike the homogeneous, 
monodispersed particles generated by the hot OOP 
::st , the cold OOP is heterogeneous of poly
.1spersed having a particle size distribution as 

follows: * 

99% less than 3.0 micrometers 
95% less than 1.5 micrometers 
92% less than 1 .0 micrometers 
50% less than 0. 72 micrometers 
25% less than 0.45 micrometers 
10% less than 0.35 micrometers 

Although test plenums vary somewhat in size and 
design, the arrangement shown in Figure 3 is 
typical of the type used at Flanders. The essential 
purpose of the plenum is to mix and disperse the 
air/aerosol upstream of the filter in order to 
provide a uniform challenge to the filter. An 
important feature of the test equipment is the 

* The values in this table were taken prior to the develop
ment of a Single Particle, Particle Size Spectrometer with a 
laser light source. A test system using dual spectrometer 
systems has been developed to Flanders' specifications and 
is currently in use to test new filters with higher efficiencies 
than hepa filters. One discovery is the existence of particles 
below 0.4 micrometers that were not "seen" by photo· 
'Tieters and particle counters. 

hood or baffle that is located on the air leaving 
side of the filter. This device prevents the intrusion 
of particles from the room air onto the down
stream face of the filter and is essential to obtain 
valid results. During the test, the filter is clamped 
in place between the hood and the test plenum. 
In older photometers, the operator set the needle 
of the meter to read at the zero point while hold· 
ing the probe at the filter face and sampling the 
effluent from the filter. (Current photometers 
contain their own filter for setting the zero reading, 
but there is no specification requiring their use.) 
Next, an upstream reading is taken through an 
orifice in the plenum upstream of the filter. If 
the challenge is insufficient an adjustment is made 
by increasing the air pressure into the generator 
and checking the upstream concentration reading 
until the correct limit is attained. 

Fig. 4 

Laskin Nozzle 

--~ 

I I -
I • I 

t::tzz 

~--
Side Sectional View 

I 
I 

~ 
([----~--

End View 
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OOP Reservior 

A DOP generator assembly with a multiplicity of 
Laskin nozzles as shown. The generators used to test 
individual filters at Flanders have at least three nozzles. 
More are required to test larger filter systems. 

The photometer probe is connected by flexible 
tubing to the intake of the light scattering chambe1 
of the photometer. To test the filter the operator 
scans the perimeter of the pack and then, using 
slightly overlapping strokes, probes the entire 
face of the filter. Most photometers sample at 
1.0 CFM. Air is drawn through the chamber and 
any entrained particles present in the sampled air 
deflect the light source onto the sensitive area of 
the photomultiplier tube. This causes the needle 
on the meter to move, indicating the size of the 
leak by the meter reading. If the photometer 
reading is greater than .01% the leak is unaccept
able and the spot must be repaired. Thus, a 
leak may not pass smoke in greater proportion 
than 1:1000 relative to the clean air that 
surrounds it. 

Probe tested filters are frequently and erroneously 
described as "zero probe" or "99.99" filters with 
the inference that they have a higher efficiency 
rating than the minimum efficiency of 99.97% 
required for Industrial and Nuclear Grade filters. 

~ F~® ~ 
LAMINAR FLOW GRADE HEPA FILTERS 

TYPE C FILTER PER IES CS-1T 
MFG. by FLANDERS FILTERS. INC. 
W•tun9ton. NC D .. la. Tl 
(111)MI--1 (214) 352.-oto 

MODEL NUMBER AND SIZE DESIGNATOR 

007 -C-04-05-Sl GG-0 
TO REORDER USE MODEL NUMBER AND SIZE DESIGNATOR 

RESISTANCE, IN. W.G./ TEST FLOW I PENETRATION 

.7 1 500 I .012 
THIS FILTER HAS BEEN FACTORY PROBE TESTED -
MADE UNDER OR COVERED BY SERIAL NO. ONE OR MORE OF THE FOLLOWING 
PATENTS 2 952.333. 3 «86 311 

3 540 079 O' RE 27 701 L 48645 
,...;? -

TEST FLOW DIRECTION ONLY < 
!:!Sill. ~A MAY BE OPERATED WITH AIRFLOW EITHER 

DIRECTION 

Fig. 6 

A Flanders Laminar Flow Grade Filter Label 
indicating that the filter has been tested for efficiency 
and has been probe tested. 
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Those manufacturers who do not own a Q 1 07 
Penetrometer to perform the overall efficiency 
test depend upon this misinformation to justify 
the mintmal expense required to own only the 
equipment required to perform cold DOP testing. 
The probe test is described as a more stringent 
test with the implication that it is therefore better, 
when it is, in fact, unrelated to the overall effi
ciency test. At best, the probe test is a supple
ment, not a substitute, to the overall efficiency 
test. As described above, the procedure for probe 
testing includes setting the meter at zero while 
sampling the effluent from the filter being tested. 
This procedure could be followed just as easily 
using a 95% efficient filter' As stated above, some 

photometers are now equipped with hepa filters 
which are used as the reference filter, but there is 
no industry-wide specification requiring their use . 

A hepa filter that has a performance rating of 
99.99% on cold DOP is one which has no pinhole, 
cracks or imperfections showing an indicated leak 
greater than .01% at specific location relative 
to the upstream concentration. It is pointless 
to compare this test to the overall efficiency 
rating obtained with the hot DOP test since there 
are so many differences including the particle 
size(s) and concentration of the challenge. A 
filter which has passed the scan test can have an 
overall efficiency of 99.97%. 

fwo Flow Efficiency Testing and Encapsulation 

Pinhole leaks in filter media result in greater pene
tration at lower velocities because the constriction 
of air flow through a pinhole is a function of the 
square of the air velocity whenever the constriction 
of air flow through the filter media is close to a 
linear function of velocity. Therefore, at 20% or 
1/5 of fu II test flow, a pinhole leak shows up as 
approximately 25 times greater in proportion to 
total flow than it does at full flow. Also, at higher 
velocities particles impact upon the fibers of the 
filter element whereas at lower velocities Brownian 
motion causes them to meander and they are more 
likely to "find" the leak. 

The development of acceptance criteria for clean 
room components resulted in a greater awareness 
of the existence of pinhole leaks in hepa filters. 
This, in turn, led to a re-evaluation of the filter 
test procedures for filters used for radioactive 
containment. Prior to the advent of commercial 
nuclear power stations, most of these filters were 
used either by the U.S. weapons program or in 

the field of nuclear research. The U.S. Department 
of Energy (formerly, The Atomic Energy Commis
sion) operates, through prime contractors, several 
filter test facilities equipped with Q 107 Penetrom
eters. Hepa filters purchased for weapons and 
nuclear research facilities are retested en route to 
these plants. 

Not wishing to commit additional time to probe 
test hepa filters at the retest stations or to raise the 
purchase price for additional factory testing, a 
two flow test was adopted wherein the hepa filters 
were tested at the flow rate specified in 
Mii-F-51068 (latest issue) and again at 20% of that 
flow rate. The 20% flow test served to detect any 
gross pinhole leakage escaping notice in the full 
flow test. The test is not effective in detecting 
all pinhole leaks nor does it enable the operator 
to locate them, but it has been found as an 
effective device to aid in improving overall filter 
performance. 
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Fig. 7 

AIRFLOW 
Direction 

l 

Unencapsu Ia ted 

Downstream 
Sample Point 

Challenge 

I ~ 

AIRFLOW 
Direction 

l 

Encapsulated 

Challenge 

I ~ 

The filter test portion of the Q 107 shown on the left prior to modifications made 
for encapsulation and on the right following the addition of encapsulation components. 

-- FfmuWrA®~ 
NUCLEAR GRADE HEPA FILTERS 

TYPE B FILTER PER IES CS·1T 
MFG. by FLANDERS ,.L TEllS. INC. 

~~~ D-.TX 
(21.1:112-

MODEL NUMBER AND SIZE DESIGNATOR 

007 -C-04-05-N L GG-F 
TO REORDER USE MODEL NUMBER AND SIZE DESIGNATOR 

RESISTANCE, IN. W.G./ TEST FLOW ONLY/ PENETRATION 
.7 1000 (100'11tl .008 

200 ( 20'11ol .010 

THIS FILTER HAS BEEN ENCAPSULATED 
MADE UNDER OR COVERED BY SERIAL NO. ONE OR MORE OF THE FOLLOWING 
PATENTS 2 952.JJJ. J 416.J11 

U40 079 or RE 27701 N 562695 
.....-? --

TEST FLOW DIRECTION ONLY < 
NOTE F~R MAY BE OPERATED WITH AIRFLOW EITHER 

DIRECTION 

A t the time that the 20% flow test was added to 
he procedure, a second modification was also t 

h 
f 
t 

made. This was the addition of the encapsulation 
ood shown in Figure 7. Previously, filters tested 
or efficiency had only the element and the frame 
ested. Experience has shown that hepa filters 

I 

r 

can have frame leakage, caused primarily by 
mproper sealing methods during manufacture, 
acking of the frame or leakage through the frame 

material (metal frame filters are particularly 
s usceptible). By enshrouding the ent1re filter, any 
eakage through the frame or joints are the corners 

included in the overall efficiency of the filter. 
I 
IS 

.,. 
ig. 8 

A Flanders Nuclear Grade Filter Label indicating 
hat the filter has been tested for efficiency at two flows t 

while encapsulated. · 
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In-Service Tests for 
Jtepa Filters 
The most stringent factory tests for hepa filters 
have resulted from the requirements of both the 
nuclear industry and the operators of laminar flow 
clean rooms. Experience has demonstrated that 
hepa filters which have passed these tests do rcot 
always arrive at their destination without mishap. 
Damage can occur during shipping and handling 
and, once installed, the filter-to-mounting-frame 
seal or leaks in the mounting frame itself can 
contribute to a loss of the efficiency of the bank. 
Consequently, it is not surprising that the nuclear 
industry and those industries requiring laminar 
flow clean rooms also require verification of in
service performance of both Nuclear Grade and 
Laminar Flow Grade Hepa Filters and their 
supporting frameworks. 

By comparison, Industrial Grade Hepa Filters are 
generally used in industries less structured by 
either government regulations or industry 
standards and usually where the user is not con
cerned with conducting additional field testing 
to verify performance. This is not to say thar-
ldustrial Grade Filters cannot pass certam 

.n-service tests, but they are less likely to do so 
for two reasons. 

First, by not electing to test his filters in service, 
the owner and/or his designer generally issue a less 

stringent procurement specification, with the 
result that the mounting frameworks of filter 
housings are of mediocre quality, not designed to 
pass an in-service test. If the owner should decide 
at a later t1me to upgrade his hepa filter instal
lation and add in-service testing, he would fre
quently discover that modification or replacement 
of his frames is necessary. A major reason for the 
failure of these filter banks, assuming that undam
aged filters have been installed, is the filter-to-frame 
seal. Bypass leakage has long been a principle 
cause of improperly installed filters. This can be 
compounded by frame leaks in welds or caulking 
or by poor quality workmanship by the installer 
of the frames. 

Second, Industrial Grade Filters are not probe 
tested at the factory. Since all specifications for 
laminar flow installations and devices call for 
probe testing in the field, a certain percentage will 
fa1l. 

Exclusive ot particle monitoring techniques, there 
are two kinds of field tests used to verify in-service 
performance. The testing of filter banks in nuclear 
air cleaning systems is called In-Place Testing. The 
Probe or Scan Testing procedures discussed above 
are required for clean rooms and laminar flow 
devices. 

In-Place Testing - Hepa Filter Banks 
Hepa filters installed in nuclear air cleaning systems 
are required to be tested in-service following each 
filter change and, in certain cases, periodically 
during the life of the filters. Since each ventilation 
system differs in design, a standard or uniform test 
throughout industry is not possible. Therefore, 
depending upon the arrangement of a particular 
system, the procedure can vary. The in-place test 
is frequently called an efficiency test, but the 
standard, Testing of Nuclear Air Cleaning Systems, 
ANSI/ASME N510-1980, states; 

"Test of an individual HEPA .. .filter are of two types. 
The test by the factory or quality assurance station is 
an efficiency determination using a monodisperse chal
lenge ... the total filter is challenged at one time and a 
single reading of penetration is obtained. 

In-place field test of installed hepa filters are made 
with a polydisperse DOP aerosol, and do not show the 
efficiency of the filters but only reveal the presence 
of leaks in the system, scanning may be used if neces
sary to locate the leaks ... The in-place test is not an 
efficiency test and should not be so considered."* 

*The authors have attempted to clarify the difference between factory testing an individual filter for 
efficiency using a monodisperse aerosol from the in-place test conducted in service which uses a 
polydisperse challenge under a multitude of varying conditions . 
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Under ideal cond1t1ons, and w1th a well-des1gned 
f1lter system, an eff1c1ency test on a bank ot f1lters 
using a cold DOP challenge can be performed, but 
such a svstem wot.;ld prove to be the except1on and 
not the rule. Figure 9 illustrates such a system. 
The operator must first generate the cold DOP 
challenge by the same method and apparatus as 
described above for probe testing hepa filters at 
the factory In order to gam an accurate reading 
from the bank of filters being tested, the chal
lenge must be uniform across the upstream face of 
the filter bank. In most cases this can be achieved 
by introducing the DOP into the system at least 
ten duct diameters upstream of the bank to obtain 
thorough mixing of the a1r/aerosol. However, a 
uniform challenge is also dependent upon a 
balanced flow through the bank and careful 
attention should be given by system designers to 
this requirement. 

Cold DOP is first generated and introduced into the 
system. Several samples are taken along a linear 
plane upstream of the bank to verify uniformity. 
The upstream concentration required is relative to 
the sensitivity of the instrument, but an acceptable 
minimum for most photometers is approximately 
10 micrograms per liter. This value is accepted as 
100% and a sample is taken downstream of the 
bank and compared to the upstream reading. The 
downstream reading should be taken far enough 
from the bank to allow thorough mixing between 
the bank and the sample. Usually ten duct 
diameters is sufficient. The penetration cannot 
exceed .05%. 

In performing an in-place test the filter bank is 
treated as a single filter. Just as individual pinhole 
leaks are diluted by the greater volume of clean 
air and escape detection in the efficiency tests 
performed at the factory, bypass leaks, frame leaks 
and holes in the medium can escape detection in 
the in-place test provided the overall penetration 
does not exceed .05%. Certain holes that are 
undetected in large filter banks could not accu
rately be described as pinhole leaks. They can be 
quite large. For this reason a visual examination 
of the filters is a good practice whenever possible. 

In-place testing is almost always complicated by 
system design or location. Components such as 
prefilters, entrainment separators, gas adsorbers 
and secondary hepa filter banks are frequently 
arranged in close proximity to one another and to 
the bank being tested. The ideal system described 

above and Illustrated in Figure 9 has several 
essential features; a frusta-converging trans1t1on 
piece both upstream and downstream of the bank 
and ten duct diameters on e1ther side of the bank, 
unobstructed by other system components. The 
operator stands an excellent chance of obtainmg 
a balanced flow through this system as well as 
good mixing both upstream and downstream of 
the bank. Figure 10 shows a typical nuclear air 
cleaning system with prefilters, hepa filters, carbon 
adsorbers and a second bank of hepa filters in 
series. The hepa filters in the first bank could not 
be tested because thorough m1xing of the air/ 
aerosol would not take place if the DOP were 
injected between the prefilter and the hepa banks. 
Further, it would be impossible to take a repre
sentative sample in the limited space between the 
hepa filter and the adsorber. In this system, all the 
components are located too close to each other for 
a good test and the housing is too small for man 
entry. Figure 10 also serves to illustrate another 
common problem in filter banks that must be 
tested in-place, the relationship of the duct and 
plenum design and its effect upon a uniform flow 
through the filters. Certainly the arrangement, as 
shown, would have high and low velocity points 
across the face of the prefilter bank, and although 
the prefilters themselves would assist in balancing 
the flow ahead of the hepa filters, the only way to 
test this particular bank of hepa filters would be 
to pull both the prefilters and one bank of hepa 
filters out of the system. 

The factors that can contribute to the difficulties 
of performing an in-place test are as varied as the 
arrangements that the system planner can design. 
The standards anticipate these common problems 
and permit compromise solutions, for example, 
bypass ducting between system components may 
be utilized for filter test purposes. In man entry 
housings where the banks of hepas are too large to 
generate enough DOP challenge, a portion of the 
bank may be tested by shrouding adjacent sections. 
Probe testing techniques may also be utilized and 
the results averaged to compute a system effi
ciency. None of these methods fully solves such 
problems as access into housings that are too small 
or too remote for man-entry or the problem of 
uniform challenge where banks in series are located 
too close together. It is for this reason that in
place testing should be considered as a quantitive 
rather than a qualitative test. In recent years, 
Flanders has designed and has manufactured 
housings with complete in-place test equipment 
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AIRFLOW 
Direction 

Fig. 9 

Photometer 
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\ 

Multiple Upstream 
Samples 

Testing a ventilating system with a single bank of hepa filters. 
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/ 
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AIRFLOW 
Direction 
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Hepa Filter Housing 
with four filters inside, 
Arranged 2 high x 2 wide 
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Fig. 10 

AIRFLOW., 
Direction 

Upstream 
Plenum 

Hepa 
Filters Downstream 

Plenum 

AIRFLOW 
Direction 

The Ductwork and Plenums in HVAC Systems are frequently designed to best utilize building space. Filter 
systems having multiple stages of filters are grouped together for the same purpose, but also to facilitate maintenance 
operations. Unfortunately, this frequently results in hepa filter banks that are difficult or impossible to test. 

built into the housings which permits not only 
testing of filters from outside the system at a 
remote location, but the identification of the filter 
that might be leaking since an individual efficiency 
leak test is performed on each filter in the system. 
The built-in test systems are compatible with 
other components in the housing and approx
imately two feet is required between consec-
utive filter banks, regardless of the size of the 
system. 

Clean Room Testing 
Nuclear facilities usually have their own health 
physics personnel and maintenance crews who can 
perform in-place testing, thus enabling them to 
enforce industry specifications and design criteria. 

The same is not always the case in plants having 
laminar flow clean rooms or clean air devices. 
Hepa filters and ancillary equipment are not 
routine components in HVAC system construction 
and the techniques of their installation and in
service validation are unfamiliar to many facility 
operators and their mechanical contractors. Even 
when a contractor can demonstrate previous 
experience in clean room construction, most of his 
employees are transitory, working for various 
contractors on a per job basis rather than for a 
single employer. As a result, many hepa filter 
systems are incorrectly installed because of inexpe
rience. To overcome this problem, factory service 
personnel are available from Flanders to supervise 
the contractor's installation of the Flanders 
products during the critical construction phase. 
Once the installation is satisfactorily completed, 
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the service personnel test and certify the job to 
industry standards. 

-he control of airborne particulates within a clean 
room or laminar flow device is dependent upon the 
efficiency of the filters and their supporting frame
work, but it is also dependent upon achieving 
parallel and turbulent free air velocity patterns 
through the clean room or zone. The subject 
herein is the in-service testing and validation of the 
filter banks themselves, but it is important to stress 
that several other critical tests are conducted 
during the certification procedure by service person
nel including velocity profiles and particle 
monitoring at work surface levels. 

Filters that have first been factory probe tested 
should also be tested in service in a manner similar 
to the factory test, by challenging the installed 
filter and its supporting framework with a poly
disperse DOP challenge aerosol introduced 
upstream of the filter bank and by scanning the 
downstream face of the bank. As in the testing 
of nuclear systems in-place, a uniform challenge 
is required. Standard clean room design criteria 
call for laminar flow rooms and clean air devices to 
have a face velocity of 90 fpm, ± 20 fpm, far 
below the velocity of air required at terminal units 
in conventional (e.g. non laminar flow) ventilation 
systems. Consequently, it is not usually difficult 
in smaller laminar flow systems to generate 
sufficient amounts of challenge aerosol and to 
attain uniform dispersement upstream of the 
filters. However, as the size of the system increases 
it becomes increasingly more difficult to challenge 
the entire bank simultaneously. One alternate 
method of testing is to isolate adjacent sections 
and test the bank section by section. Where this 
is not practical, the filters can be tested at the job
site prior to installation using the same test rig that 
is used at the factory for probe testing. This test 
verifies that there has been no damage to the filters 
incurred in transit or during unpackaging and 
handling. Following this test the filters are 
installed immediately under close supervision. 
When all filters have been installed, the seals 
between the filter and the supporting framework 
itself and the perimeter of the filter bank are 
scanned for bypass leakage. Considering the time 
that it takes to scan a Ia rge hepa fi Iter wa II or 
ceiling bank there is a valid arguement for a less 
t1me consuming test. A quick and reliable 
procedure for testing and certifying a large bank in 
a clean room is the Induct ion Leak Test developed 

by Western Electric and Bell Telephone Labora
tories engineers. In this test the fi Iter bank is cha 1-
lenged with a minimal amount of DOP, approxi
mately 0.0005 micrograms per liter, but sufficient 
to maintain an aerosol challenge of 500,000 parti
cles per cubic foot ;;;._5 J.Lm. The test apparatus 
includes a particle collector (Fig. 12) shaped some
what like an inverted pyramid and attached to a 
particle counter. The top of the collector is sized 
and shaped to cover and overlap the filter being 
tested, the peripheral supporting framework, the 
l1ghts and any other components integral to the 
bank that are adjacent to the filter which represent 
potential leak paths. The intake of the particle 
counter is located at the (inverted) apex of the 
collector. Once the challenge has been introduced 
and verified, a leak is suspected whenever the 
particle counter indicated a reading> 50 particles 
per cubic foot. Conventional scanning techniques 
are then used to locate the leak. 
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Fig. 11 

Probe Testing a Clean Room Ceiling 
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Fig. 12 

Induction Leak Test Apparatus 

Induction leak testing should not be considered 
unless the filters are first tested after they have 
been unpackaged. This procedure may appear to 
be t;me-consuming, but far less so than if leaks 
are located after the filters have been installed in 
their mounting frameworks. 

Conclusion 
Figure 13 illustrates the many kinds of 
test performed at the factory and in the field. 
Most filters purchased by the Department of 
Energy are shipped to an intermediate retest 
facility where they are given a second efficiency 
test with a Q 107 Penetrometer and are then 
reshipped to the buyer. Unfortunately, there have 
been no shortcuts devised to verify the perfor
mance of hepa filters, either at the factory or in 
the field. Typically these filters are susceptible to 
damage during shipping and handling unless strin
gent precautions are taken. Historically, hepa 
filters have been difficult to seal into their support
ing framework or housings, a fact which inspired 
Flanders to develop the fluid filter-to-frame seal in 
the 1960's. Finally, they are unfamiliar items to 
most mechanical contractors and construction 
workers. The matter-of-fact approach used in the 
installation of standard building components 
should not be applied when mstalling these filters. 

The verification of filter performance is only as 
valid as the procedures and instrumentation 
used in conducting the tests. The principle limi
tation in recent years has been the sensitivity of 

forward l;ght scattering dev;ces m detect;ng oart;c
u;ates smaller than 0.3 micrometers (the standard 
part;cle counter used in the fie!d counts particles 
0 5 m;crometers and larger) The :mportance of 
determin;ng filter efficiency on a homogeneous 
challenge of 0.3 micrometers was based on the 
theory that this size particle was the most difficult 
to remove from an airstream by filtration. (As 
theory had it, ;mpaction efficiency decreased as 
particle size decreased, whereas diffusion efficiency 
increased as particle size decreased. When plotted 
upon a graph showing efficiency relative to particle 
size, the two curves intersected at 0.3 1-lm.) This 
has subsequently been proven to be untrue. 

The recent invention of the Single Particle, Particle 
Size Spectrometer with a laser light source has 
made it possible to measure removal efficiencies on 
particles smaller than 0.3 micrometers with conve
nience, accuracy and reproducibility. A system 
using two laser spectrometers which samples 
simultaneously on both the upstream and down
stream sides of a filter being challenged with cold 
DOP aerosol was designed and built to Flanders' 
specifications and is in use today to test a higher 
grade of filters. This sophisticated system provides 
the clean room operator with an efficiency by 
particle size report for each filter in his laminar 
flow clean room on a particle size range from .12 
to 3.0 micrometers. 

The introduction of the laser spectrometer led to 
the development by Flanders of the new VLSitm 
filter in response to the needs of the decreasing 
geometries of the semiconductor industry and 
their requirement for cleanliness levels far beyond 
those required in Federal Standard 209b and other 
current clean room specifications. In the past two 
years, Flanders has installed vertical laminar flow 
ceilings in clean rooms which have operated at less 
than 20 particles per cubic foot on a particle size 
of 0.12 1-lm and larger, far below the old perfor
mance levels requiring less than 100 particles per 
cubic foot 0.5 1-lm and larger . 

The breakthrough on VLSiton filtration is certain 
to have far-reaching effects in both the nuclear and 
clean room industries in years to come. It is too 
soon to have government or industrial specifi
cations for these filters and their systems, but as 
more microelectronics industries build facilities for 
manufacturing the 64K RAM and beyond there 
will doubtless be the convening of committees 
to develop new performance specifications . 
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Factory Test Specifications, Field Test Specifications and 
Applications for Hepa and VLSitm Filters 

FfmullJd ~ Factory Tests 

I 
per Mii-Std-282 

.__HE __ HE_HB __ HE_=IT]=...L-11-~~g-= I~~ I ES-CS-1 T 

Typical Applications 
Supply Air 1n Various 
Non-Crit1cal Areas, 
F1rst Stage F1ltrat1on, 
Hospitals, Food 
Process, ect. These 
Filters are Rarely 
Tested In-Place. 

Fig. 13 

Dept. of Energy (DOE) 

Retest Station 
Test per 
Mii-Std-282 

Laminar Flow Work 
Stations and Clean 
Rooms, Semiconductor 
Manufacturers. 
Parenteral Drug 
Manufacturers. 
Service Testing per 
Fed. Std. 209b and 
I ES CS-2T, 6T. 

Commercial Reactors 
Filters Tested In-Place 
per ANSI N51 0. 

DOE Operated Test 
Reactor Program, 
Nuclear R & D, 
Weapons Program. 
Tested In-Place per 
ANSI N510 or 
ERDA 76-21. 

Semiconductor 
Manufacturers 
(Potential for Other 
Industries) 
New Service Test 
Procedures Will 
Develop from the 
New Technology 
and Instrumentation. 
(No Industry Testing 
Standards as yet. 
Flanders Utilizes an 
In-House Specification) 

-&JflANOERS fll TERS, INC., 1982 .. OREMOST PRODUCERS OF HEPA FILTERS AND SYSTEMS .. OR SCIENCE AND INDUSTRY SINCE-1950 
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Excerpt: FSAR for the Treatment Development Facility, 
LA-7971-MS, July 1979 

Air from the Zone 2 and 3 areas is double HEPA filtered prior 

to being exhausted through the facility stack. 

4.3.3 RADIOACTIVE PLANT EMISSIONS UNDER NORMAL 

OPERATIONS 

Radioactive emissions from the Zones 2 and 3 filter systems 

will be a small fraction of that from , the incineration offgas 

cleanup train filters (zone 1). This is due to the relatively 

smaller quantities of airborne contaminants along with the gen

erally larger particle sizes associated with the sorting and feed 

preparation operations and other facility activities. 

The incineration of 100 lbs of design matrix wastes per hour 

at a level of 100 nCi/g will contain 4540 ~ Ci of transuranics. 

Incinerator manufacturers data and the Environmental Protection 

Agency incinerator acceptance test data indicate an offgas par

ticulate loading of 0.1 grain/ft3 for the incinerator design in

stalled in the TDF. At the design offgas rate of 30900 ft3/h, 

some 200 g of ash containing 20 ~Ci of transuranics would be 

carried over into the ~ffgas treatment train. 

Particle removal efficiency is a strong function of particle 

size distribution and density which will be determined during the 

development test programs. The design particle size distribution 

is based on the average of data received from Dow Chemical Com

pany, (Rocky Flats) 1 and data from the Environmental Protection 

Agency incinerator acceptance test data for the type incinerator 

proposed for the TDF. Cellulosics waste feed for this second set 

of data was from cigarette filters. 

!conceptual Design Report for the Transuranic Contaminated Solid 
Waste Treatment Development Facility, TA-50, Los Alamos Scien
tific Laboratory, ENG-9 RP-54, September 4, 1973. 
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Design Particle Size Distribution 

Size Weight Percent 

> 10 ~ 10 

5 - 10 ~ 20 

2 - 5 ]J 40 

1 - 2 ]J 20 

0.5 - 1 ]J 10 

The variable throat venturi scrubb~r particle removal 

efficiency was calculated for each of the above listed fractions 

at each of three pressure drop settings of the venturi: 

n 

liP 

n 
p.Q_ 

dpa 

llg 
f 

= 1 -EXP -6.1 X 10-9 (P 9-) (dpa) 2 (tiP) (f)2 
~ g 

1 

= 
= 
= 
= 
= 
= 

Pressure loss (ern H20) 

Particle removal efficiency, dimensionless 

Liquid density, g/crn3 

Aerodynamic particle diameter, ]Jg/cc 

Gas viscosity, poise 

Relative liquid/gas velocities (0.20 to 0.25 for air/ 

water) 

1 After Calvert, Lundgren and Month, Transactions APCA, 1970. 
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15 ~p 40" 6 p 80" ~p 

Size Inlet Eff. Outlet Eff. Outlet Eff. Outlet 

>lOll 17.46 99.99 99.99 99.99 

5-!0].l 34.93 99.99 99.99 99.99 

2-5 ].l 69.86 99.97 0.019 99.99 99.99 

1-2 ].l 34.93 76.60 8.17 97.90 0.73 99.957 0.015 

0.5-1 ].l 17.46 32.87 11.72 65.45 6.03 88.06 2.084 

Totals 174.60 19.91 6.76 2.099 

overall Efficiency 88.59 96.13% 98.79% 

Using the middle value of 96.13% particulate removal efficiency 

for the venturi scrubber (normal operating pressure drop is 50"), and 

assuming no allowance for particulate removal in the quench chamber, 

liquid-gas separator, packed column scrubber, demister or ash o~ 

roughing filters, 7.74 g of ash containing 0.77 ].lCi of transurai 

ics is expected to impinge on the HEPA f i 1 ters. Each of the HEPA 

filters is 99.97% efficient for the removal of 0.3 micron/mass 

median diameter (MMD) particles.! The efficiency increases both 

above and below this particle size. The stack flow rate is 

746,950 SCFH or 2.12 x 104m3/hr yielding a plutonium concentration 

in the effluent of 3.14 x lo-18 ].lCi/m 2, well below the DOEM 0524 

limit of 6 x lo-14 llCi/m 2 for soluble plutonium. Additionally, 

plutonium incinerated at 2300° F is most probably in the oxide 

form and insoluble except in acid digestion. 

chapter 0524 limit of lo-12 ].lCi/mJ is 

applicable standard. 

Therefore, 

cons ide red to 

the DOEM 

be the 

1 Preliminary Safety Analysis Report, Plutonium Processing Facility, 
Los Alamos Scientific Laboratory, Group CMB-11, June 15, 197l, with 
revisions through October 30, 1972. 
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APPENDIX H. LIQUID FEED BURNER SPECIFICATIONS 



' ' . ~ 

iAa 
Steam Atomizing 

Oil Burners 
Types S.A.R. and S.A.L 

TiiE NAO S.A.R. on. BURNER (complete with detcxchilllQ' 

.. V·:.t~)f .. J; • 
. ·~~~··~·~::·. 

Both burners use a #2240 yoke 
detaching gear that swings 
aside easily so that the burner 
gun can be removed without 
tools. Oil and steam piping 
need not be disconnected. 

HIGH EFFICIENCY •.• 
LOW MAIHTEHIUiCE 
For use in process heaters, reformer 
furnaces, rotary kilns, dryers, boilers, 
pulverized coal installations, and 
special fwnaces. 

FOR ALL GRADES OF LOW 
llHD HIGH VISCOSITY FUELS 

llTOMIZilTIOH BY 
STEAM, lliR OR GllS 

NAO atomizing oil burners use 
steam, compressed air, natural gas, 
and by-product gas with suitable 
pressure. 
Five sizes are available. Rated 
capacities range from 10 to 600 
gallons per hour. 
FLAME PATTERNS 
NAOS.AR andS.AL. atomizing 
oil burners produce solid cone, long 
solid circular jet, and flat flame 
patterns, providing optimal heat 
lil:::eration in widely varying 
applications. Minor variations meet 
any modem furnace requirement. 

FUELilCCOMMODilTJON 
The NAO S.AR. burner 
accommodates many grades of oil, 
including Bunker ·c; petroleum 
crackedresiduums. It also 
accommodates tars, pitches, and 
asphalts when hooted to viscosity of 
150-200 SSU or less. Larger capacity 
NAO S.A.L. burners accommodate 
all grades of liquid fuels. 
FLAME STABILITY 
InNAOS.AR. andS.AL oil 
burners, uniform atomization results 
in unsurpaS93d. flame stability. 
NAO steam atomizing oil burners
the efficient ones that combine 
required hrot liberation and minimal 
steam consumption. 



NAO Stecan Atomizing Oil Burners 
NAO S.A.R. and S.A.L. Oil Burners 

OPERATION AND SPECinCATION DllTil 

OPERATION 
Oil passes through the inner pipe 
and is sprayed through the orifice. 
The atomizing medium, usually 
steam, travels through the outer pipe 
and becomes turbulent as it is forced 
through apertures in the core. 
Thorough steam-oil emulsification 
occurs in the mixing chamber. 

A greater degree of atomization 
is achieved by passage of the 
emulsification through the tip, which 
is drilled to produce the desired flame 
pattern. 

M<Xlifying the burner tip provides a 
wide variety of flame sizes and 
shapes. 

TYPICALPIPIHG.AIUUlRGEMEHT 
roR HllO S.ll.R. .AND 
S.A.L. OIL BURNERS 
Note that a by-pass valve may be 
installed in the piping upstream of the 
burner inlets for cleaning the 
passages of the burner gun 

HO~HilLRilTEDCAPA~ES 

These are nominal capacities, 
contingent upon factors such as fuel 
viscosity, the available pressure of 
fuels, and the type ci. unit in which 
the burner gun is used. 

S.A.R. and S.A.L. Oil Burners for 
• High efficiency • Low maintenance 

HllOHEXAD UNIT 
NAOS.A.R andS.A.L. burnersare 
usually installed through one of the 
many varieties of NAO combustion 
units similar to the Hexad unit shown 
here. These units may use either fuel 
oil alone ora combination of gas and 
oil. 
Most NAO combustion units using 
S.A.R orS.A.L. burners are 
complete with primary and 
secondary air controls, plus a metal 
encased refractory burner block that 
provides quick combustion 

DETACHING GEAR (2176) 
Forspecialapplications, NAOS.A.R. 
andS.A.L. bumerscanbeequipped 
with Type 2176 Detaching Gears. 

iAo • Required heat liberation • Minimal steam consumption 

Printed in U.S.A. 
2.5M-377W 
2M-0678W 

Rational AirOil Burner Company. Inc. 
Handling combustion problems the right way since 1912 
1284 East Sedgley Avenue, PhJlaclelphla. PA 19134 Telephone (215) 743-5300 Telex 84-5403 
Nippon National AirOU Burner Co;, Ltd .. Tokyo. Japan -National AirOil Burner Co •• London. England 
Offices in major cities of the world. 
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D-5 INCINERATOR 

Introduction 

SECTION D 

PROCESS INFORMATION 

This trial burn plan is submitted as part of the RCRA Part B Permit 

Application requirements (40CFR 270.62) for the Controlled Air Incinerator 

(CAl) system at the Los Alamos National Laboratory in Los Alamos, New Mexico. 

D-5a Justification for Exemption 

Some Los Alamos waste forms, for which the incinerator operating permit is 

being sought, contain significant amounts of some hazardous constituents as 

listed in Appendix VIII of Part 261, and therefore, Los Alamos will not apply 

for an exemption as outlined in 264.340 (NMEID 206.D.8.a). 

D-5b Trial Burn 

~ D-5b( 1) New Incinerator Startup/Shakedown 

The Los Alamos incinerator is an operating incinerator. The provisions of 

270.62(a) (NMEID 302.E.2.a) do not apply to this system. 

D-5b(2) Trial Burn Plan 

D-5b(2)(a) Incinerator Performance 

Los Alamos seeks an operating permit by way of an additional trial burn of a 

principal organic hazardous constituent (POHC) with a high degree of diffi

culty of incineration, and will not submit results of earlier successful trial 
~----- ----~ -----burns of hazardous wastes as justification for the permit. -- ___ , __ 

D-5b(2)(b) Detailed Engineering Description of Incinerator 

1. Manufacturer's Name and Model Number of Incinerator 

The Los Alamos CAl system was manufactured by Environmental Control 

Products (ECP) of Charlotte, North Carolina. The model number is ECP 

500-T. 
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2. Type of Incinerator 

The CAI system consists of a waste feed system and a controlled air 

incinerator. The Los Alamos CAI was developed through extensive 

modification and integration of commercially available and custom 

fabricated equipment. The small production-scale CAI system at Los Alamos 

was originally designed for the demonstration of volume reduction of 

combustible solid radioactive wastes. Components of the system include a 

dual chamber incinerator with a ram feeder for solids and a high intensity 

vortex liquid injection burner firing into the primary chamber, a second

ary combustion chamber (SCC), an ash handling system, a water spr~y quench 

column, a high-energy venturi scrubber, a packed-column acid gas absorber 

followed by an offgas condenser, gas reheater, high efficiency particulate 

air (HEPA) filters, an activated carbon adsorber, and a final HEPA 

filter. One of the primary purposes of the CAI is incineration 

research. Research studies which have been completed in the CAI unit have 

included the incineration of various radioactively contaminated solid 

wastes, liquid PCBs, and pentachlorophenol contaminated wood. 

A block flow diagram of the CAI incinerator is shown on Figure 1. The 

block flow diagram begins where the waste and auxiliary fuel is injected 

into the primary chamber and then traces the flow of the hot combustion 

gases to the secondary chamber, quench tower, and other pollution control 

devices with all discharge points noted. 

3. Linear Dimensions of the Incinerator Unit Including the Cross-Sectional 
Area of the Combustion Chamber 

The CAI system has two combustion chambers. The lower chamber (primary 

chamber) dimensions are 4 feet 10 inches inside diameter by 6 feet inside 

length. The upper chamber (secondary combustion chamber) dimensions are 3 

feet 10 inches inside diameter by 6 feet inside length. The rectangular 

duct between the two chambers has internal dimensions of 1 foot by 3 feet 

and is 2 feet long. This duct contains the secondary air injectors and 

therefore functions as part of the secondary combustion chamber. The 

dimensions of the high-temperature duct between the secondary combustion 

chamber and the quench tower are 1 foot 8 inches inside diameter by 13 
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feet 7 inches long. The duct functions as an extension of the secondary 

combustion chamber. The volumes of the individual chambers are then 

approximately 110 ft3 for the primary chamber, and 105 ft3 for the 

secondary combustion chamber. 

4. Description of the Auxiliary Fuel Burner System 

The auxiliary fuel burner systems in the primary charrber and secondary 

chamber consist of gas burners. The primary and secondary chamber 

auxiliary fuel burners are identical. The primary chamber burner is 

located on the side of the primary chamber, and the sec burner is located 

at the entrance to the SCC. Both of the auxiliary f~el burners are rated 

at 1,500,000 Btu per hour maximum output and are adjustable to suit 

operational requirements. The gas burners develop maximum rating with 3 

inch W. G. gas pressure at the burners. All fittings, regulators, and 

control valves are Underwriters Laboratory, Chicago, Illinois, approved 

and assembled to meet the standards of Industrial Risk Insurers, Illinois, 

or other authority where applicable. Each of the auxiliary fuel burners 

is temperature controlled and is run with a preset ccmbustion air to fuel 

ratio. The combustion air for both burners is supplied by a forced draft 

fan. Both burners are a pre-mix type manufactured by Pyronics, Inc., 

Cleveland, Ohio. 

When fuel oil is used as an auxiliary fuel, it is ei:her (1) injected 

through the liquid burner instead of waste liquid; or (2) batch-blended 

with the waste liquid and subsequently injected through the liquid burner 

as a mixture. An in-line static mixer has been installed to ensure dis

persion of the fuel oil in the waste liquid as the mixture is being pumped 

to the liquid burner. 

Method 1 is used to maintain heat in the lower chamber when operating the 

liquid burner and not feeding liquid waste. Method 1 is also used to 

flush the liquid feed lines following the completion of a liquid waste 

burn. Method 2 is used when the heating value of the liquid waste is too 

low to ensure proper operation of the liquid burner. 
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5. Capacity of Prime Mover 

The CAI system prime mover is a Spencer Model G-3040-H-Spec turbine blower 

which operates as an induced draft (ID) fan. The ID fan is capable of 

producing an incineration negative pressure of 110 inch W.C. at a flow of 

1900 cfm with a discharge pressure of 11.31 psia to accommodate the 7300 

feet elevation at Los Alamos. The ID fan has a 40 hp, 3500 rpm motor. 

6. Description of Automatic Waste feed Cutoff 

The primary function of the waste feed cut-off interlocks is to prevent 

the feeding of material at incineration conditions that are inadequate to 

assure destruction of the materials. During the startup and shutdown of 

the incinerator or during process upsets, the interlock system automati

cally stops all waste feed systems and prevents their restart until the 

incinerator is at proper operating conditions and the interlock is 

manually reset. 

The process parameters identified in Table 1 are tied into an alarm panel 

and will also cut off the waste feed if the permit conditions for these 

parameters, as stated in 40 CFR 264.345(e), are exceeded. If any para

meter is exceeded, a block valve in the waste liquid feed line to the 

liquid burner will automatically close, and the initiation signal to the 

solid waste feeding mechanism will automatically be deactivated. When 

permit conditions are within limits, neither the waste liquid block valve 

nor the solid waste feeding mechanism will be prevented from operating. 

The waste feed cut-off parameter permit condition values for permitted 

operation under 40 CFR Subpart 0 will be negotiated between EPA Region VI 

and Los Alamos based on the results of the RCRA trial burn. A discussion 

of the automatic waste feed cut-off parameters follows: 

o Primary Chamber and SCC Temperatures -- The primary 
chamber and sec temperatures are normally controlled to 
within 50'F below the temperature set-point. It is 
expected that the 50'F temperature variation will be 
encountered during normal operation and should not be 
cause for automatic waste feed cut-off. 

o Carbon Monoxide -- Carbon monoxide (CO) concentrations 
are measured in the HEPA filter plenum and are dis
cussed in Section D-5b(2)(b)7. Based on previous 
experience with the CAI, Los Alamos suggests that the 
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Table 1. Automatic Liquid and Solid Waste Feed Cut-Off Parameters 

Parameter 

Minimum primary chamber temperature 

Minimum SCC temperaturea 

Maximum CO concentration 

Minimum scrub solution pH 

Maximum combustion gas velocityb 

Minimum HEPA filter pressure drop 

Maximum HEPA filter pressure drop 

1550°F 

1550 or 1750°F 

75 ppm by volume dry basis as measured 
by the continuous recording CO analy
zer, except that for a period not to 
exceed 9 minutes, the system can con
tinue to burn waste if the CO concen
tration does not exceed a maximum of 
500 ppm. 

4.0 

To be determined during test run 

0.1 inch W.C. 

5.0 inch W.C. 

aThe trial burn is designed to determine the performance of the CAI while 
operating the sec at two temperatures. 

bEstimated to be less than 1500 SCFM. 
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CO automatic waste feed cut-off system be a two-tier 
system. The two-tier CO system is suggested as an 
approach to reducing waste feed cut-off situations 
which are caused by CO spikes. CO spikes are a common 
occurrence in incinerators during the feeding of liquid 
and solid wastes. The two-tier CO approach has previ
ously been accepted by EPA Regions III and IV. The 
two-tier CO approach allows the use of a delay timer 
which starts if the CO level exceeds the first tier 
level, but not the second tier level. If at the end of 
a negotiated time the CO has not dropped below the 
first tier level, the waste feeds are automatically cut 
off. If, however, the CO drops below the first tier 
level before the time period has elapsed, the waste 
feeds are not cut off. If the second tier, however, is 
exceeded, the waste feeds are instantaneously cut off. 

o Combustion Gas Velocitv Indicator (CGVI) -- The CGVI 
will be measured during the trial burn and during 
permitted operation using a Fluidics HHR flow tube [see 
Section D-5b(2)(b)7 and Attachment D]. The CGVI permit 
condition for permitted operation will be based on the 
trial burn using the Fluidics flow tube. 

o HEPA Filter Pressure Drop -- The pressure drop across 
each bank of the primary HEPA filters will be con
tinuously monitored. If the filter pressure drop falls 
below the lower limit, the control system will auto
matically initiate a fast shutdown of the CAI. If the 
filter pressure drop exceeds the upper limit, the 
control system will automatically initiate a controlled 
shutdown of the CAI. 

o Scrub Solution pH -- The acidity of the recycled scrub 
solution will be controlled by the addition of an 
alkali solution as required. The pH of the recycled 
solution will be continuously monitored. Operation of 
the CAI with a recycle scrub solution pH less than the 
limit will result in an automatic cutoff of the waste 
feed. 

Three control logic sequences are provided to shut down the process in a 

saf~Al.{ld orderly manner. 

o Controlled Shutdown.-- initiated when there is 
potential for significant damage to minor process 
components. This is also the normal shutdown mode at 
the completion of a run. When controlled shutdown is 
initiated, feeding of waste to the incinerator is 
stopped, and a programmable set-point generator is 
activated that directs remote set-point inputs to the 

emperature controllers, causing a gradual decrease in 
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chamber temperatures. Switches internal to the set
point generator cause an orderly timed shutdown of 
process components. 

o Fast Shutdown -- initiated for conditions that could 
likely result in loss of containment or damage to major 
process components. Waste feeding is stopped. 
Following a two-minute timed interval following the 
last feeding of solid waste (immediately, if feeding 
liquid waste), the upper and lower chamber burners are 
shut down and the system valves and dampers are 
positioned so as to maintain a negative pressure in the 
system while minimizing flow through the system. 
Snuffing steam is introduced into the lower chamber. 
The two-minute delay when feeding solid waste allows 
for the ignition of pyrolytic gases formed immediately 
after feeding. 

o Scram Shutdown -- initiated at the discretion of an 
operator. The chain of events are identical to the 
fast shutdown except that the sequence is not delayed 
when feeding solid waste. Scram buttons are located at 
the incinerator and in the control room. 

The last two shutdown modes are potentially destructive to the incinerator 

refractory and are initiated only when the consequences of not shutting 

down are greater than the consequences to the incinerator during a scram 

or fast shutdown. It is the responsibility of the operating personnel and 

the process lead engineer to assess any situation and initiate the proper 

process shutdown sequence. 

7. Stack Gas Monitoring and Pollution Control Equipment 

Continuous monitoring of the off gas will be conducted for the combustion 

gas velocity indicator (CGVI) and CO. A single gas sample stream will be 

continuously withdrawn from the duct downstream of the reheater and just 

upstream of the HEPA filter inlet plenum for the CO analyses. Concen

trations will be measured using a Foxboro-Wilks Miran II infrared (or 

equal) analyzer. Levels of CO will be recorded continuously on a strip 

chart in the control room. 

The continuous CGVI monitoring will be recorded in the control room and 

measured by a Fluidic's HHR flow tube located in a straight run of duct 

between the ID fan outlet and the combustion gas stack. The CGVI 
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flowmeter information is supplied in Attachment D and the flowmeter 

location is shown in Figure 3. 

The Los Alamos CAI Pollution Control Equipment (PCE) is shown in 

Figure 1. The PCE includes the following equipment. 

0 Quench column 
0 Venturi scrubber 
0 Packed absorber column 
0 Condenser/demister 
0 Reheater 
0 High efficiency particulate air (HEPA) filters 
0 Carbon bed adsorber 
0 Induced draft fan 
0 Recycle water system 

In the quench column, combustion gases are cooled from the incinerator 

exit temperature to approximately 160°F by evaporation of scrub 

solution. Excess solution collects in the separator in the base of the 

column while the saturated gas phase is routed to the inlet of the venturi 

scrubber. The outlet temperature of the gas phase is monitored and a 

system limit of 250°F is imposed to protect the quench column from 

structural damage. Exceeding the temperature limit causes a waste feed 

shutoff and initiates an automatic controlled shutdown of the CAI. 

The variable-throat venturi scrubber, located between the quench column 

and the absorber column, removes up to 99 weight percent of the offgas 

particulates. The intent and use of the venturi scrubber is to prolong 

the service life of the HEPA filters located further downstream in the PCE 

by reducing the particulate loading on the filters. The venturi assembly 

consists of converging and diverging cones with a clamp valve throat to 

allow the pressure drop to be varied. Venturi pressure drop normally is 

controlled in the 40 to 60 inch W.C. range. Recycled scrub solution is 

injected through a nozzle located upstream of the venturi throat. 

Hydrochloric acid (HCl) is removed from the gas phase by counter-current 

contact with recycled scrub solution (or recycled condensate and fresh 

water) in the packed column absorber. The flow rate of the recycled 

solution is monitorea and a low flow limit of 4.0 GPM is imposed to ensure 
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proper scrubbing of the HCl from the off gas. Operating below the flow 

rate limit causes a waste feed shutoff and initiates an automatic 

controlled shutdown of the CAI. 

The condenser, mist eliminator, and reheater are included to condition the 

process exhaust gases before final HEPA filtration. The intent and use of 

the offgas conditioning system is to prolong the service life of the HEPA 

filters located further downstream in the PCE by minimizing blinding of 

the filters with condensate. The condenser lowers offgas temperature, 

removing water vapor from the scrubbed gas stream. The mist eliminator 

reduces the amount of water mist that is entrained in the offgas ~s the 

offgas leaves the downstream face of the condenser. The offgas is then 

reheated to a temperature above saturation temperature to avoid 

condensation and attendant plugging of the HEPA filters. 

HEPA filtration is required for final removal of particulates. HEPA 

filters provide positive assurance that significant amounts of particu

lates are not vented in the stack gas. The filter module houses two 

frames (bank) in series, the first consisting of a prefilter and two HEPA 

filters in parallel, the second being similar but without the prefilter. 

Each bank of HEPA filters is tested in place for a minimum efficiency of 

99.97 percent capture of particles with diameters >0.3 micrometer. The 

prefilter is rated at 85 percent efficiency. The pressure drop across 

each bank is monitored with a limit of >0.1 and <5.0 inch W.C. imposed. 

The lower limit ensures that a HEPA is properly in place (has not "sucked

through"), and the higher limit indicates a loaded filter bank. Operating 

below the lower limit causes a waste feed shutoff and initiates an auto

matic fast shutdown of the CAI. Exceeding the higher limit causes a waste 

feed shutoff and initiates an automatic controlled shutdown of the CAI. 

The activated carbon bed adsorber serves as a final removal system for 

trace organic compounds. The housing for the activated carbon includes a 

third HEPA filter downstream of the carbon bed, which serves to remove any 

entrained carbon from the offgas stream. This third bank of HEPA filters 

is rated at the same capacity 2nd is tested in place to the same 

efficiency as the primary HEPA filters located upstream of the carbon bed. 
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The induced draft fan is th~ prime mover which pulls the combustion gas 

through the air pollution control equipment. 

The scrub solution recycle system is used to minimize liquid blowdown from 

the offgas cleaning system. Scrub solution usage ranges from 20-40 

gal/min depending on the discharge pressure of the scrubber liquid pump 

and whether or not fresh water is being used in the absorber column. An 

alkaline solution is added at the process sump tank to maintain the scrub 

solution pH near the desired level. The addition rate is controlled by a 

pH sensor on the outlet of the process sump tank. The purge stream from 

the recycle water system goes to the Los Alamos liquid wastewater treat

ment system. 

8. Liquid Burner Design 

The details of the two auxiliary fuel burners are given in Section D-

5b(2)(b)4 and Attachment B. A liquid waste burning nozzle and burner 

system is also located in the primary chamber. The burner is a commercial 

high intensity vortex liquid injection-type. The burner, a Trane Thermal 

model LV-2 vortex burner, is mounted on the side of the primary chamber 

firing downward at a 45° angle from horizontal directly into the chamber 

(Figure 2). The unit is equipped with its own natural gas pilot and 

natural gas supply for supplemental heat. Atomization of the liquid feed 

stream is accomplished with either air or steam through an internal mix 

nozzle. Details of the Trane burner are given in Attachment B. 

9. Construction Materials 

The construction materials for the CAI system components are as follows: 

COMPONENT 

Primary chamber, secondary chamber 
and high temperature duct 

CONSTRUCTION MATERIAL 

Carbon steel shell 
Internal mastic membrane 
Internal fiberboard insulation 

(refractory fiber) 
Internal high density refractory 

(40~ Al 203) 



Quench tower, venturi scrubber, 
absorber tower, duct to condenser 

Condenser/demister, duct to HEPA 
filter plenum 

HEPA filter plenum, absorption 
tower 

Induced-draft blower, ductwork 
to blower and from blower to 
vent stack, vent stack 
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fRP shell (ATLAC 382 resin, with 
with 5% antimony oxide fire 
retardant) 

Hastelloy C-276 
Polypropylene 

304L stainless steel shell with 
phenolic resin internal coating 
and Plasite~ paint coating 

Carbon steel shell, Plasite® paint 
coating 

Carbon Steel 

10. Location of Temperature, Pressure, and Flow Indicating and Control Devices 

The discussion in this section is based on Figure 4. The numbers given at 

the end of each heading refer to the equipment location in Figure 4. 

a. Primary Chamber and Secondary Combustion Chamber Combustion 
Temperatures (1,2) --The combustion gas temperatures of the primary 
chambers and the secondary combustion chamber are each measured with a 
type S (platinum/10% rhodium) thermocouple. The primary chamber 
thermocouple is located in the hot duct between the primary and 
secondary combustion chambers. The sec thermocouple is located 
downstream of the sec at the entrance to the high temperature duct. 

b. Waste Liquid Flow (3) -- Waste liquid flow is measured by a Micro
Motion®, Model C25, gyroscopic/coriolis mass flowmeter. The Micro
Motion flowmeter provides a measurement of instantaneous mass flowrate 
of the waste liquid being fed to the Trane burner. A detailed 
description of this flowmeter is given in Attachment D. 

c. Solid Waste Flowrate (4) -- Solid waste is typically fed to the CAI in 
preweighed 1 foot X 1 foot X 2 foot cardboard boxes. These boxes are 
than transferred to the side ram feeder, which feeds the main ram 
feeder. The main ram feeder pushes boxes of solid waste into the 
primary chamber on a timed cycle which can be manually or automatically 
overriden when necessary. Each time a box of solid waste is fed to the 
primary chamber, the incinerator operator records the event on a log 
sheet. 

The solid waste feed rate will be monitored, as is presently done, by 
the operator entering on a logsheet the wei~ht and time each box of 
solid waste is fed to the primary chamber. Most of the solid wastes 
fed to the primary chamber are not RCRA hazardous wastes. 

d. Combustion Gas Flowmeter (5) -- The combustion 1as flowrate will be 
measured at a location between the ID fan and the stack by a Fluidic's 
HHR flow tube. This combustion gas flowrate will be the combustion gas 
velocity indicator (CGVI) (see Section D-5b(2)(b)7 and Attachment D). 
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e. Research Par~eter ~easurement -- Because the C~I is used ~nd will be 
used partly as an ~r.cineration research system, it is more hi~hly 
instrumented than typical industrial hazardous waste inciner~tors. ~he 
CAI has many temperature, pressure, and flow indicating ins~r~~encs not 
mentioned in this section. These instruments are necessary from :he 
research point of view, but are r.ot necessary to meet the require~en:s 
of the 40 CFR 264 Subpart 0 and 40 CFR 270.62 RCR~ incineration and 
trial burn regulations. 

D-5b(2)(c) Samolir.g, Anal.vsis. and ~!onitoring Procedures 
The objective of a trial burn test is to obtain process data that will: 

o Permit calculation of Principal Organic Hazardous 
Constituent (POHC) destruction and removal efficiency, 
HCl removal efficiency, and particulate emission 
concentrations 

o Confirm the fate of POHCs treated by the system; that 
is, destroyed by thermal oxidation, and removed by the 
air pollution control system, or emitted in the stack 
gases, ash residues or scrubber water purge stream 

o Document the test process feed and operating conditions 
that will be used in establishing operating permit 
conditions 

The sampling and analysis procedures included in this section are therefore 

selected to determine the physical-chemical characteristics of the incinerator 

feed materials (especially the POHC concentrations), material feed rates, the 

composition and flow rates of the stack gases, and the amounts of POHC 

discharged in the incinerator ash, the stack gases and the quench-scrubber 

purge water. The monitoring procedures are selected to measure concentrations 

of 02 in the combustion gases and CO in stack gases. 

The following sampling and analysis procedures are based on carbon tetra

chloride (CC14) being used as the POHC. The rationale for selection of cc1 4 
as the POHC is presented in Section D-5b(2)(d). 

1. Sampling Locations and Procedures 

The locations where solid, liquid, and gaseous samples are collected from 

the incineration system are shown in figure 5. All of the materials 

supplied to the incineration and air pollution control processes including 

fuel oil, liquid and solid waste feeds, and makeup water are sampled at 



.......... uf• ® 
\lioAILH 6 

CCDG)J ~--l 

L~--tY SIAJ•C 
""Ill R 

_@ ____ ] 

[~[J
2

t~r-1 J--o~ , S£Ctro!J<HY 

lt(ttf AlfR 

l llt~.•o 3 CUt."' b( H 
.... 1[ ___l 

.. --fJ -

t<:lutlAt C>S- ~~~l-J (OWl 

(l#.o(ll'<~t~·.t!"l .c.IIO -----
1 
-..--~~ 

~It AM - -- - - - - - - - - - - -

t --- f'fii,.LI(f (L•··II_.J~li(•t4 All --- ::.( (IV.MI.JlU 

.------,_@ _J-o- ® 

1-- NG 
~- (OMO 

~tH 

Fig. 5. 

uvt t•CII 

LUllt..4U 

AU~OfHI(A 
CUllJIMti 

Vft11lllll 
~CIC\JIHil H --- ll(f'A 

tIL I(US 

t IOUIC) WA'S1£ 
tfLOW(J()w'U 

Location of Sampling Points 

t 
~I.&(,. 

r @@ --~ 
L- ----.. 

--.J 



18 

locations 1, 2, 3, 4, 6, and 8. Samples of process solids (ash and 

carbon) and liquid (blowdown water} effluents are collected at locations 

5, 13, and 7, respectively. POHC, HCl, and particulate emission samples 

are collected from the stack gases at locations 10 and 11. The 02 concen

tration of the combustion gases is continuously monitored at location 12; 

co2 and CO concentratfons are monitored at location 9. 

The sampling equipment and the procedures for collecting samples at each 

location are summarized in Table 2. Sampling frequency and reference 

methods are included in that table. Additional details regarding each 

sampling location are discussed below. 

a. Fuel Oil (1) --A representative sample of fuel oil will be collected 

just before each test sampling run either by taking grab samples from a 

tap in the fuel oil recirculation line, or by using a coliwasa at an 

access port in the top of the tank. This sample will be retained for 

future analysis in case there are problems with analysis of the blended 

liquid sample taken at location 3. 

b. Liquid Waste (2) -- A representative sample will be collected just 

before each test sampling run either by taking grab samples from the 

liquid waste recirculation line or by using a coliwasa at a access port 

in the top of the tank. This sample will also be retained for future 

analysis in case there are problems with analysis of the blended liquid 

sample taken at location 3. 

c. Liquid Waste Blend (3) -- The organic liquid waste will be prepared in 

the liquid waste tank and either fed directly to the incinerator or 

blended with fuel oil in an inline static mixer before being fed to the 

incinerator. A flow diagram of the waste feed system is shown in 

Figure 6. Grab samples will be collected from a sample tap in the feed 

line to the incinerator at the beginning, middle, and end of each 

replicate sampling run and composited. 

d. Solid Waste Blank (4) -- All solids materials will be prepared before 

the trial burn and stored in sealed containers. A scoop will be used 

to collect equal size samples from each bulk solids container before 
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the actual waste feed containers are prepared. The samples will be 

composited to provide a blank of solids matrix material and placed in a 

wide-mouth glass bottle with Teflon-lined lid. 

e. Incinerator Ash (5) -- Small and possibly negligible amounts of ash are 

expected to be accumulated during each test sampling run. The ash drop 

doors will be operated at the end of each test period allowing any 

accumulated ash to fall into the drop-out hopper where it will be 

pneumatically conveyed to the ash collection hopper located above the 

glove box. The sample (if any) will be collected from the double valve 

drop chute inside the glove box. The ash drop doors and the pneumatic 

system will be operated before each test run to remove ash accumulated 

since the previous test. 

f. Makeup Water (6) -- Grab samples will be collected from a supply line 

tap at the beginning and end of each replicate sampling run and 

composited. 

g. Slowdown Water (7) -- Grab samples will be taken from a tap in the 

liquid waste discharge line to the industrial (radioactive) waste 

treatment plant. Before each sampling run, two grab samples will be 

collected 30 minutes apart and composited to provide a blank sample. 

Grab samples will be taken every 60 minutes during each replicate 

sampling run and composited for the run. 

h. Aklaline Solution (8) -- Sample tank contents after preparing new 

batch. 

i. HEPA Plenum Exhaust Gas (9) -- A gas sample is continuously extracted 

for carbon monoxide analysis. (C02 analysis will be used to confirm 

stack gas Orsat analyses). 

J. Stack Gases (10, 11) --Samples of the particulates, acid gases, and 

volatile organics in the offgas will be collected from the exhaust duct 

at locations 10 and 11 shown in Figure 7. The exhaust duct is designed 

for isokinetic sampling. 
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A volatile organic sampling train (VOST, Figure 8) will be used at 

location 10 to collect cc14 and other volatile organics on sorbent 

resin according to procedures given in Attachment E. The VOST will be 

operated for approximately three hours during each test duplicate 

sampling run. The VOST cartridges will be capped immediately upon 

removal from the train, wrapped in aluminum foil, placed in glass 

tubes, and sealed. 

An EPA Method 5 (M5, Fig. 9) sampling train will be used at location 11 

for collection of particulate and HCl acid gas. The M5.procedures 

include measurement of the stack gas flow rate and temperature 

according to EPA Methods 1 and 2. Approximately every 30 minutes, 

integrated samples will be collected in gas bags from the M5 train 

exhaust for 02 and co2 determinations by an Orsat analyzer according to 

EPA Method 3. The M5 train will be operated for approximately three 

hours to collect approximately 3.5 m3 stack gas during each replicate 

sampling run. 

k. Combustion Gas (12) --A sample will be continuously extracted from the 

hot gas for o2 concentration analysis. 

1. Adsorber Carbon (13) --A thief will be used to take a core sample 

(approximately 1/2-inch diameter X 6 inches long) from the inlet gas 

side of the absorber after each test. The sample will be placed in a 

glass container with a Teflon-lined lid. 

There are three other process wastes that can potentially contain small 

amounts of CCl4 in accumulated solids. These wastes are the offgas 

HEPA filters, the quench recycle liquid filters, and the absorber 

discharge liquid filters. These filters are not included in the 

sampling program for the following reasons: 

o The amount of solids that will be accumulated in the 
filters during a 3-hour run is believed to be insignif
icant because the systems are designed for long term 
(weeks, months) of service before the filters are 
removed for disposal. 
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o The total amount of cc1 4 retained by the solids during 
a sampling run is believed to be negligible because the 
gas and liquid streams are at elevated temperatures and 
because cc1 4 has low solubility in water. At the 
proposed process conditions, residual CC1 4, if any, 
will tend to remain in the gas streams rather than be 
retained in the liquids or the small amount of accumu
lated solids. 

o The filter media will probably contain radioactive 
particulates, complicating cartridge removal, recovery 
of accumulated solids, extraction and analysis of 
CC14 . Removal of the air and liquid filter cartridges 
after each of the twelve sampling runs would cause 
extension of the test schedule and significantly 
increase trial burn costs. 

All sample containers and organic sorbent traps for the above sampling 

program will be prepared by the laboratory having primary responsibility 

for analyzing all samples. At the test site a sample manager will be 

responsible for distributing sample containers and traps, monitoring 

sample collection, taking custody of samples from the sampling team, and 

preserving the samples. The sample manager will be responsible for 

shipping and for transferring sample custody to analysis coordinators in 

the primary and reference laboratories. 

2. Sample Recovery Procedures 

The laboratory analysis coordinators will inspect the samples as received 

and accept custody. Sample aliquots will be taken for the required 

analyses. Surrogate and/or reference compounds will be added to these 

samples before any preparation steps. The specific compounds and the 

amounts to be added will be as called for in the analytical procedures. 

Typically, the spike amounts will be near the analysis detection level. 

The laboratories will be responsible for implementing their own instrument 

calibration and QA/QC procedures. 

The procedures for recovering compounds from the major sample groups are 

briefly summarized below. 

Organic Liquids -- This group includes the fuel oll and the liquid waste 

blend samples. The fuel oil and liquid waste samples will be shaken to 

minimize stratification before removing aliquots for specific analyses. 
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For organic analyses, small aliquots will be diluted in hexane for direct 

analysis or processed through cleanup, as required by the analytical 

procedures identified in the next section. 

Solids -- This group includes solid waste blanks, incinerator ash, and 

adsorber carbon. The samples will be dispersed in methanol or polyethyl

ene glycol for analysis using purge and trap procedures (Attachment E). 

Aqueous -- This sample group includes makeup water, blowdown water, alka

line solution and VOST condensate. Sample recovery procedures are not 

required for these samples because they will be direct injected according 

to procedures referenced in the next section for volatile organic 

analysis. 

Sorbent Resins -- This sample group will include the VOST resin cartridges 

(Tenax® and Tenax-charcoal). Each pair of VOST resin cartridges will be 

thermally desorbed to an analytical trap according to the protocol 

detailed in EPA-600/8-84-007. 

M5 Train Components -- The samples will be recovered from the M5 train as 

follows: 

o Particulate filter -- Will be removed from holder, 
placed in a glass petri dish, wrapped in aluminum foil, 
placed in a plastic bag and sealed. 

o Probe rinse -- The nozzle, probe, and front half of the 
filter holder and any connecting glassware will be 
brushed and rinsed with acetone followed by a rinse 
with hexane. The rinses will be placed in glass jars 
with Teflon-lined lids. 

o Impinger water -- The contents of the impingers will be 
volumetrically measured and placed in a glass sample 
bottle with a Teflon-lined lid. The impingers will be 
rinsed with distilled water and the rinse added to the 
sample. 

o Silica gel -- The cartridge will be returned to its 
original container and sealed. 
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Table 3. Analyses Planned for Trial Burn Samples 

Sample Name Analyses 

Fuel oil 
Raw liquid waste 
Liquid waste blend 

Incinerator ash 
Makeup water 
Slowdown water 
Alkaline feed 
Adsorber carbon 
Stack gas VOST 
Stack gas MS 
Combustion gas monitor 
Absorber gas monitor 

Fuel oil 

Solids feed blank 

Incinerator ash 
Makeup water 
Slowdown water 
Alkaline feed 
Adsorber carbon 
Stack gas VOST 

Stack gas MS 
Combustion gas monitor 
Absorber gas monitor 

Test s 1 and 2 ( L i g u i d s ) 

(Archive)a 
(Archive )a 
Density, heat content, ash content, elemental 

(C,H,N,O,S, organic Cl ), matrix constituents, CCl4 
(Archive)b 
CCl4 
CCl4, pH, total chlorides 
CCl4 
CCl4 
CCl4 
Part i cu 1 ates, moisture, HCl, 02, and C02 
02 
CO and C02 

Tests 3 and 4 (Solids) 

Density, heat contnt, ash content, elemental 
(C,H,N,O,S, organic Cl ), CCl4 

Density, heat content, ash content, elemental 
(C,H,N,O,S, organic Cl ), moisture, CCl4 

(Archive)b 
CCl4 
CCl4, pH, total chlorides 
CCl4 
CCl4 
CCl4 

Tests 3 and 4 (solids) (Continued) 

Particulate, moisture, HCl, 02, and C02 
02 
CO and C02 

aRetain for same analysis as liquid waste blend if needed. 
bRetain for CCl4 analysis if needed. 
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3. Analytical Procedures 

The analyses planned for each trial burn sample are listed in Table 3. 
The procedures and reference methods for these analyses are summarized in 

Table 4. The standard methods referenced for heat content, ash content, 

elemental composition, organic chlorine, and stack gas o2 , co2 , and 

particulates are self-explanatory. Analysis of samples for CC1 4 will be 

by the methods referenced in EPA-600/8-84-002. These methods involve the 

use of standard purge-and-trap, gas chromatography (GC/MS) techniques for 

identification and quantification of volatile organics. Copies of refer

enced procedures are included as Attachment E. 

4. Monitoring 

Monitoring for CO will be done during the trial burn tests using a 

Foxboro-Wilks Miran II Infrared analyzer [See Section D-5b(2)(b)7]. 

D-5b(2)(d) Detailed Trial Burn Protocol 

1. Waste Characterization 

The CAI will be used to incinerate the Los Alamos laboratory waste. The 

laboratory wastes are a mixture of liquid and solid hazardous wastes 

composed of various organic solvents and liquids as well as chemically 

contaminated paper, wood, and plastics. The liquids are basically small 

quantity lab chemicals which will be transferred from lab size containers 

into larger containers and stored until ready to be incinerated. Labora

tory liquids can contain either ignitable or U or P listed wastes 

containing Appendix VIII constituents. 

Because the laboratory liquid wastes include numerous small bottles which 

are generated in a random fashion it is impossible to identify and 

quantify the Appendix VIII constituents by a sampling program. The POHC 

has therefore been selected based on an approach suggested by the EPA and 

discussed in the next section. 

2. POHC Selection Rationale 

In selecting the principal organic hazardous constituent (POHC) to be used 

in the CAI solids and liquids trial burn, several criteria were considered 
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important for various reasons. Trade-offs or constraints imposed by these 

criteria were carefully evaluated in selecting the compound. 

Thermal stability of organic compounds must be considered in examining the 

behavior of organic compounds in a combustion unit. EPA's approach to 

trial burns is to specify POHCs of high thermal stability so that results 

can be extrapolated to compounds of similar or lower thermal stability. 

According to the EPA's Guidance Manual for Hazardous Waste Incinerator 

Permits, heat of combustion is the EPA's preferred indicator of thermal 

stability. 1 Accordingly, compounds with low heats of combustion (uHc) 

were given priority consideration in the POHC selection process. Since it 

is important to obtain as flexible a permit as possible, artificial wastes 

containing carbon tetrachloride (CC1 4) are proposed as the POHC during the 

trial burn. This option is suggested in the March 1983 draft of the EPA's 

Guidance Manual for Hazardous Waste Incinerator Permits. The Guidance 

Manual makes the following statement relative to the use of artificial 

wastes2 : 

"Using an artificial waste feed has the advantage of 
simplifying the analytical procedures because interference 
by organics other than the POHCs is greatly reduced. This 
approach also allows the applicant to create waste feed 
that is very difficult to burn. A successful trial burn 
conducted with such a waste feed results in permit condi
tions allowing the operator to accept a wide variety of 
wastes for treatment, perhaps eliminating any future need 
for permit modifications and additional trial burns." 

Carbon tetrachloride has a very high rank (fourth highest} on the EPA's 

ranking list of the incinerability of organic hazardous constituents on 

the basis of heats of combustion. Carbon tetrachloride has also been 

shown by the University of Dayton Research Institute to have a very high 

vapor phase thermal oxidation stability3. Therefore, cc14 is proposed for 

use as the POHC in both the solids and liquid trial burns. 

Spiking the waste with CCl4 will also provide a source of organic chlorine 

which will give maximum permit flexibility relative to the HCl performance 

standard. Los Alamos therefore recommends that CC14 be designated as the 

trial burn POHC. 
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The approximate composition and analytical parameters of the trial burn 

liquid and solid wastes are given in Tables 5 and 6. The values in Tables 

5 and 6 are estimates. 

3. Trial Burn Protocol and Operating Conditions 

The trial burn will consist of four tests. Each trial burn will include 

triplicate sampling runs. A total of 12 sampling runs will be done. 

Table 7 presents the test protocol and schedule for each of these trial 

burn tests and 12 runs. 

4. Waste Constituents 

a. Liquid Wastes -- Trial burn tests 1 and 2 will involve the incineration 

of a liquid blend of fuel oil and carbon tetrachloride (CC1 4) as a 

suggested POHC in the primary chamber waste burner. The liquid blend 

will also be spiked with an ash surrogate which will generate particu

late during incineration. The liquid waste will be spiked with an ash 

surrogate in order to obtain a more flexible RCRA liquid incineration 

permit relative to waste ash content. [See D-5b(2)(d) 8.] The 

viscosity of the liquid blend will be dependent on the characteristics 

of the blend of #2 fuel oil, CCL4, and the ash surrogate. The ash 

surrogate may increase the viscosity of the blend substantially. Los 

Alamos will not burn material with a viscosity greater than 500 SSU at 

in injection temperature in order to ensure proper atomization. The 

approximate characteristics of the liquid waste blend are summarized in 

Table 5. The trial burn operating conditions are summarized in 

Table 8. 

b. Solids Wastes -- Trial burn tests 3 and 4 will involve the incineration 

of sawdust and cc14. The cc14 was selected as a suggested POHC for the 

solids trial burn tests because of its commercial availability and high 

ranking on the EPA's heat of combustion hierachy. Because of CC14 's 

high volatility, however, the CCl4 will be fed to the incinerator in 

sealed containers. The sealed containers of CC14 and the sawdust will 

be placed in 1 foot X 1 foot X 2 foot cardboard boxes, weighed, and fed 
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Table 5. Approximate Estimated Composition of Trial Burn Waste Liquida 

Composition 
Carbon tetrachloride 

Fue 1 oil 

Heat value 

Organic chlorine content 

Ash content 

Viscosity 

Wt% 

60-65 

35-40 

55-60 

2b 

< 500 ssuc 

-7,000 Btu/lb 

aThis is the CC1 4 spiked waste liquid which will be incinerated during the 
trial burn. 

bAn ash-producing material, aluminum stearate or other organometallic 
compound, will be added to the liquid waste blend as an ash surrogate. 

CAt injection temperature. 
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Table 6. Approximate Estimated Composition of Trial Burn 
Solid Waste 

Composition 

Carbon tetrachloride 

Sawdust 

Organic chlorine content 

Wt~ 

20-25 

75-80 

20-25 



Table 7. Test Protocol and Schedule 
------------------------------- -----

Trial 
Burn Run 
Test No. 

1 1 - 1 

1 - 2 

l - 3 

2 2 - 1 

2 - 2 

2 - 3 

j 3 - 1 

3 - 2 

3 - 3 

4 4 - 1 

4 - 2 

4 - j 

Sampl1nga 
Run 

Ourat ion(hr) 

5 - 6 

!> - 6 

~ - 6 

5 - 6 

5 - 6 

5 - 6 

5 - 6 

5 - 6 

5 - 6 

5 - 6 

5 - 6 

5 - 6 

Waste feedsfPOUCs Trial Burn Tes~s 

l" "db lqUl 

Waste 

CCI 4 
CC1 4 
CC1 4 
CC1 4 
CC1 4 

CC1 4 

So I ide 
Waste 

-----~ 

CCllJ 

CC1 4 
CC1 4 

CC1 4 

CC14 

CC1 4 

Natura 1 d 

Gas 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

bR£ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Stack_ fe~!Jng 
Particulate 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

------·-----~------- -------~-- --~---------------
a Includes incinerator equilibration time and equipment change-over time between runs. 

boJend of fuel oil and CC1 4. 

csawdust and CCl4. 

dAs required to maintain primary and SCC temperatures. 

UCl 

X 

X 

X 

X 

X 

X 
w 

X 
0\ 

X 

X 

X 

X 

X 



Table a. Trial Burn Operating Cond1tionsa 

Trial Waste Feed Rates Heat 
Burn Physical Solid Uquid Value tiCl Temperatures it1 
Test Forms U!!L_hr) {lb{hr) (Btu/lb) ilbLhr) Primary S C 

1 liquid ~00 "' 7 .ooo 150-185 ,fin 1.600 '~'1".8oo 

2 liquid 30 "' 1 .ooo 150-185 I '16"1 I ,600 ~J-?2.ooo 

3 Solid 250-300 - 60-75 II 1.600 ~800 
4 Solid 250-300 - 60-75 1,600 

;y;;, 
" ?.,000 

alhe Viilues given 1n this table are estimates which may vary during actual operation. 

w ....., 
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to the incinerator by a ram feed or on a timed cycle. This is the 

present procedure for feeding most solid wastes to the CAI C [see 

Section D-5b(2)(b)10C}. The approximate composition of the solid waste 

in shown in Table 6. The trial burn operating conditions are shown in 

Table 8. The cc14 in plastic bottles simulates a lab solid waste which 

contains CC1 4 in a plastic bottle. 

5. Combustion Temperature Ranges 

The combustion temperatures for the tests will be 1600°F for the primary, 

and 1800 and 2000°F for the sec as indicated in Table 8. Combustion 

temperatures are normally controlled to within 50°F. It is expected that 

this range will prevail for the trial burn. 

6. Waste Feed Rates 

The waste feed rates for trial burn test runs 1 through 4 are summarized 

in Table 8. 

1. Combustion Gas Velocity 

The measured indicator of combustion gas velocity during the trial burn 

will be the combustion gas flow through the Fluidics HHR flowmeter (See 

Section D-5b(2)(b)7C]. 

8. Waste Feed Ash Content 

In order to obtain permit flexibility relative to the waste liquid ash 

content, an ash-producing material, aluminum stearate or other organo

metallic compound, will be added to the waste liquid before it is fed to 

the incinerator. 

9. Auxiliary Fuel 

Natural gas will be used as an auxiliary fuel as required to maintain 

temperatures, in both the primary and secondary combustion chambers. 

10. Scrubber Water 

Recycle water sumps will be sampled after each sampling test and will be 

flushed clean within practical limits before the next sampling test. 
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D-5b(2)(e) Trial Burn Schedule 

1. Schedule 

The trial burn is planned to begin within 6 months of the time that Los 

Alamos receives EPA approval for the Part B Permit application. The 

schedule for the test is shown in Table 9. 

2. Duration of Each Trial Burn Test 

Four trial burn tests are planned, each consisting of three replicate 

sampling runs. Each sampling run will last about 3 hours for a total of 9 

hours per trial burn test. The incinerator will be fed test wastes for 2 

to 3 hours before each sampling run for a total of 5 to 6 hours per 

test. This will establish steady operating at process test conditions. 

Sampling will be done 24 hours per day using two sampling shifts. 

Assuming minimal interruption of incinerator operation, the incinerator is 

therefore expected to operate on test waste feeds for 24 hours per day for 

about 3 days. 

3. Quantity of Waste to Be Burned 

Test waste liquids and test waste solids will each be fed to the inciner

ator for an estimated 30 to 36 hours. Allowing a 25 percent safety factor 

the consumption of test wastes is expected to be about 1,250 gallons of 

waste liquid and 13,500 pounds of waste solids. The CAI will be operat

ing on normal wastes under interim status prior to and following the 

tests. It is expected that the unit will be equilibrated at test con

ditions with normal waste or auxiliary fuel and switched to the test waste 

two to three hours before the start of each sampling run. A surplus of 

test waste will be prepared in case operational problems require a longer 

testing period. Unused waste will be incinerated at the conclusion of the 

tests. The amount of POHC (CC1 4) present in the liquid and solid wastes 

is expected to be about 12,150 pounds. 



Test 

1 

2 

3 

4 
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Table 9.. Test Schedule 

Samp 1 i no -a Run No. 

1-1 

1-2 

1-3 

2-l 

2-2 

2-3 

3-1 

3-2 

3-3 

4-1 

4-2 

4-3 

Day 

1 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

aEach sampling run will be about 3 hrs long, preceded by 
a 2 to 3 hr equilibrat1on per1od and equipment change
over period. 
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D-5b(2)(f) Trial Burn Permit Obiectives 

If the RCRA ORE, particulate, and HCl performance standards (40 CFR 264.343) 

are achieved during the trial burn as outlined in Table 8, the RCRA 

incineration operating permit should allow the Controlled Air Incineration 

System to be used to incinerate RCRA hazardous solid and liquid wastes at the 

rates and conditions discussed in this section [D-5b(2)(f)]. 

The expected RCRA incineration permit conditions discussed in this section are 

based on the March 1983 "Guidance Manual for Hazardous Waste Incinerator 

Permits," prepared by the U.S. EPA's Office of Solid Waste. 

The expected RCRA permit conditions are discussed in the following pages and 

summarized in Table 10. 

1. Anticipated RCRA Permit Conditions for Solid Wastes 

The following expected permit conditions will be based on waste 

characteristics: 

a. Appendix VIII Constituents -- Since the solids in trial burn tests 3 

and 4 will contain CC14 , the system permit should allow the incinera

tion of wastes containing cc14 and any other Appendix VIII Constituent 

lower on the EPA's Ranking of Incinerability List. Only three Appendix 

VIII Constituents at levels above 1000 ppm would not be allowed: 

CFC1 3 , CHBr 3 , and CF2c12 . 

b. Minimum Heat Value -- There should be no permit requirement that 

specifies a maximum or minimum solids, sludge or slurry heat value. 

The minimum heat value concept, while relevant to organic liquid, is 

not relevant to low heat value solids such as contaminated soils. To 

quote the March 1983 Guidance Manual: 

"However, in the case of solids fed to rotary kilns, 
hearths and other solids handling incineration equipment, 
a different approach to specifying a heating value for 
waste is needed. Many solid wastes, by their very nature, 
are subject to wide variations in heating value, and 
rotary kiln, hearth, and similar incinerator designs 
attempt to deal with this problem. Such designs provide 



Content/PhY~1cal Fo~ 

POHCs 

Trial burn tests 

Appendix VIII constituents 

Minimum Btu/lb 

Max. organic chlor1ne 
(lb/hr) 

Maximum ash content (wth) 

Temperature 
Primary (oF) 
sec ( 0 F) 

Max1mum pnmary chamber 
thermal duty 
(MM IHu/hr) 

Maximum primary chamber 
natura 1 gas 
(MM BttJ /hr) 

Water injection rate 

liquid feed rate 

Solid waste feed rate 

lable 10. Sunwuary of Expected Permit Conditions 
-----·- --- ~ 

Jtpe of RCRA Permit 
_ ~g]j_d_ liquid Comments 

CC1 4 CC1 4 

3-4 1-2 

CC1 4 CC1 4 

NPC 7000 

130a 130 

NPC l 

1~50-1600 1550-1600 
1750-1800 1750-1800 

2 2 

NPC NPC 

NPC NPC 

NPC NPC 

NPC NPC 

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

NPC = Not permit condition 

j_ 
lotal for liquid/solid and 

aqueous wastes 

Total ash for liquid and 
aqueous 

a_ All nwner1cal values are estimates which will he finalized hy the trial burn results. 

~ 
N 
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for the volatiles in the solids to be vaporized and 
subsequently destroyed in an afterburner or secondary 
combustion chamber. Thus in specifying heating values for 
solid waste feeds, a lower heating value limit may not be 
required if the incinerator is equipped and operated to 
maintain sufficient temperature by addition of liquid 
waste or auxiliary fue 1 . '' 

Since the CAI has auxiliary fuel firing capability in both the primary 

and sec chambers, the CAI should not have a heat value permit condition 

for solids incineration. 

c. Maximum Organic Chlorine Content of Waste -- The maximum permitted 

pounds per hour of waste organic chlorine should be based on the trial 

burn results. If the CAI's air pollution control system for example 

removes 185 pounds of HCl per hour, then the permit condition should 

allow the CAI to incinerate up to 180 pounds of organic chlorine per 

hour in the combined liquid and solid waste feeds. Since the source of 

the HCl is irrelevant to the performance of the air pollution control 

equipment, the permit should allow 180 pounds of organic chlorine per 

hour to be incinerated either as all liquid or solid or any combination 

of liquid and solid. 

d. Maximum Ash Content of Waste -- There should be no solids ash content 

permit condition for the CAI. Particulate emissions will be measured 

during both solids trial burn tests. If the particulate emissions are 

at or below RCRA regulations, this testing should be considered as an 

acceptable particulate test for all solid wastes and sludges. When 

considering particulate emissions, it should be realized that for the 

CAI, the ash content of the liquid wastes is more important to particu

late generation and emissions than is the ash content of the solid 

wastes being incinerated. 

e. Physical Form -- The physical form given in the RCRA solid hazardous 

waste permit should specify solids, sludges, and slurries. 

f. Incinerator Operating Permit Conditions -- The following permit 

conditions are anticipated to be based on the incinerator operating 

conditions during the trial burn tests: 
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o Temperature - Table 8 summarizes the temperature 
conditions for the solids trial burn tests. 

o Maximum Thermal Duty - A maximum primary chamber 
thermal duty permit condition based on the trial burn 
results is desirable so that the permit will allow the 
incineration of any combination of aqueous, liquid, and 
solid/sludge wastes with a total thermal duty equal to 
the maximum permitted duty. The March 1983 version of 
the Guidance Manual covers this situation in Section 5, 
Example 2. On page 5-10, the Guidance Manual discusses 
a case in which 1MM Btu/hr of solid wastes and 1.2 MM 
Btu/hr of liquid wastes are successfully incinerated. 
The Guidance Manual then goes on to state that 
hazardous wastes containing more readily incinerated 
Appendix VIII Constituents than those tested may be fed 
in greater amounts, provided that the total thermal 
input is less than 2.2 MM Btu/hr and the other permit 
restrictions on waste composition are satisfied. Since 
no waste will be fired in the secondary combustion 
chamber (SCC), the maximum thermal duty should only 
apply to the primary chamber. 

o Natural Gas feed Rate - During the incineration of 
solid wastes, the only permit limit on natural gas feed 
rate should be the maximum thermal duty. Natural gas 
feed rate can vary from near zero up to the maximum 
permitted thermal duty. When incinerating solids, the 
rate of liquid fuel or liquid waste fired in the 
primary chamber is not the important criterion. What 
is important is the outlet temperature of the primary 
chamber combustion gas, which is controlled by a permit 
condition at a minimum level. This situation is 
covered on page 4-6 of the March 1983 Guidance 
Manual. The Manual states that the net effect of 
specifying the total thermal input is to permit the 
substitution of easily incinerated waste (higher waste 
heat value) for auxiliary fuel when specified operating 
conditions, such as combustion zone temperature and air 
feed rate, are maintained. 

o Liquid Waste feed Rate - As previously stated for the 
natural gas feed rate, the Guidance Manual states on 
page 4-6 that more easily incinerated wastes (consti
tuents lower than cc14 and waste heat values greater 
than 7000 Btu/lb) can be permitted at rates up to the 
maximum permitted thermal duty of the primary chamber. 

o Solid Waste Feed Rate - The only permit conditions 
related to the solid waste feed rate should be the 
maximum allowable primary chamber thermal duty and the 
primary chamber and SCC temperatures. As long as these 
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permit conditions are met, organic solid wastes should 
be destroyed at the DRE levels specified in the RCRA 
regulations. 

g. Other Permit Conditions -- Other expected permit conditions such as 

stack carbon monoxide concentration and combustion gas velocity 

indicator are not discussed in this section. These conditions will be 

established when the results of the trial burn tests are evaluated. 

2. Anticipated RCRA Permit Conditions for Liquid Wastes 

The following anticipated permit conditions will be based on waste 

characteristics: 

a. Appendix VIII Constituents -- Since the liquid waste trial burn tests 1 

and 2 will contain cc14, the incineration system should be permitted to 

incinerate CCl4 and all other Appendix VIII Constituents lower on the 

EPA's Ranking of Inci~erability List. Only three Appendix VIII 

Constituents at levels above 1000 ppm would not be allowed: CFC1 3, 
CHBr3, and CF2c12. 

b. Minimum Heat Value -- A minimum heat value of about 7000 Btu/lb (see 

Table 10) for the liquid waste mixture is an anticipated permit 

condition. 

c. Maximum Organic Chlorine Content of Waste -- The maximum permitted 

pounds/hour of waste organic chlorine should be based on the trial burn 

results. If the CAI's air pollution control system removes 185 pounds 

of HCl per hour, then the permit condition should allow the CAI to 

incinerate up to 180 pounds of organic chlorine per hour in the 

combined liquid and solid waste feeds. Since the source of the HCl is 

irrelevant to the performance of the air pollution control equipment, 

the permit should allow 180 pounds of organic chlorine per hour to be 

incinerated in either all liquid wastes or all solid wastes or any 

combination of liquid and solid wastes. 
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d. Maximum Ash Content of Waste -- The maximum permitted liquid waste ash 

content should be based on the ash content of the liquid wastes 

incinerated during trial burn tests 1 and 2. 

e. Physical Form -- The physical form specified in the RCRA liquid 

hazardous waste permit should be liquid organic and aqueous wastes. 

f. Incinerator Operating Permit Conditions -- The following anticipated 

permit conditions are based on the proposed incinerator operating 

conditions during the liquid trial burn tests: 

o Temperature - Table 8 summarizes the temperature 
conditions for each liquid trial burn test. 

o Maximum Thermal Duty - Los Alamos expects to obtain a 
maximum thermal duty permit condition based on the 
trial burn results that allows the incineration of any 
combination of liquid, aqueous, and solid/sludge wastes 
with a total thermal duty equal to the maximum 
permitted duty (see previous discussion on maximum 
thermal duty). 

o Water Feed Rate - There should be no special permit 
restriction on the feeding of contaminated or non
contaminated water into the primary chamber. The 
previously quoted statement from page 4-6 of the 
Guidance Manual covers water injection. The statement 
" ... specified operating conditions, such as combus
tion zone temperature and air feed rate, are main
tained." indicates that as long as the total thermal 
duty and CAI combustion zone temperature are main
tained, the water feed rate is irrelevant. When too 
much water is injected, it will be impossible, for 
example, to maintain combustion temperature at a 
specified thermal duty. 

Relative to the des~ruction of hazardous constituents 
in contaminated water, volatilization of cc1 4 from the 
solid waste in the primary chamber and volatilization 
of CCl4 from a contaminated water are essentially 
equivalent processes. The cc14 that is volatilized 
from solid wastes or injected water would be subjected 
to essentially the same combustion temperature, gas 
mixing, and residence time in the sec. Since ec14 
volatilized from both matrices will be subjected to the 
same sec combustion conditions, both the RCRA solid and 
ReRA liquid permits should allow the incineration of 
contaminated water that is injected into the primary 
chamber. Permit justification will be the successful 
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demonstration of the flameless oxidation of CC1 4 in the 
solids trial burn tests 3 and 4. Contaminated water 
means a liquid containing no less than 90 weight 
percent of water in which the organic contaminant, if 
any, is CCl~ or falls below CC1 4 on the RCRA Ranking of 
Incinerabil1ty List. 

o Natural Gas Feed Rate - During the incineration of 
liquid wastes, the only limit on natural gas feed rate 
should be the maximum thermal duty. Natural gas feed 
rate can range from zero to the maximum permitted 
thermal duty. 

o Liquid Waste Feed Rate - As previously stated for the 
natural gas feed rate, the Guidance Manual states on 
page 4-6 that more easily incinerated wastes (consti
tuents lower than cc14 and waste heat values greater 
than 7000 Btu/lb) can be permitted at rates up to the 
maximum permitted thermal duty of the primary chamber. 

g. Other Permit Conditions -- Other expected permit conditions such as 

stack carbon monoxide concentration and combustion gas velocity 

indicator are not discussed in this section. These will be established 

when the results of the trial burn tests are evaluated. 

D-5b(2)(g) Description and Planned Operating Conditions for the Emissions 
Control Equipment 

The emissions control equipment is described in Section D-5b(2)(b)7. The 

operating condition ranges for normal operation and the trial burn are sum

marized in Table 11. During operation the system water flow rates and 

pressure drops typically fluctuate over a normal range, and these fluctuations 

are also expected to occur during the trial burn. 

D-5b(2)(h) Shutdown Procedures 

Procedures for shutting down the waste feed are described in Section D-
5b(2)(b)(6). 

These procedures will be in effect during trial burn tests 1 through 4 while 

feeding the waste liquid and solids. 

D-5b(2)(i) Site Clean-Up 

After the trial burn program is completed, all residual wastes or POHC that 

remain will be destroyed. Assuming that incineration operations went smoothly 
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based on on-site observations, and that preliminary analytical results are 

positive (e.g., as indicated by low CO values), Los Alamos will destroy any 

trial burn residual wastes in the CAI system. The unit will be operated at a 

primary temperature of 1600°F and a SCC of 1800°F during the incineration of 

any residual wastes. 

D-5b(2)(j) Quality Assurance Plan 

The Quality Assurance Project Plan is given in Attachment A. 

D-5c Data in Lieu of Trial Burn 

Los Alamos seeks an operating permit by way of an additional trial burn of a 

principal organic hazardous constituent with a high degree of difficulty of 

incineration, and will not submit results of earlier successful trial burns of 

hazardous wastes as justification for the permit. 

D-5d Post Trial Burn Operation 

The interim period between completion of the trial burn and receipt of final 

approval from EPA for full operating authority could be several months. 

During this time, Los Alamos intends to continue operating the incineration 

system on a full-time basis, operating under all state and federal require

ments as per 40 CFR 265. All appropriate operating records will be maintained 

for documentation of operating conditions during this interim period. 

D-5e Incinerator Inspection 

The incinerator will be visually inspected daily during operation for fugitive 

emissions, leaks, and associated equipment, spills, and signs of tampering, as 

per 40 CFR 264.347(b). 

D-5f Emergency Waste Feed Cut-Off Testing 

During permitted operation the emergency waste feed cut-off system and 

associated alarms as described in D-5b(2)(b)6 will be tested, as per 40 CFR 

264.347(c) on ~ basis during periods of operation in order not to 

unduly restrict or upset operations. If the CAI is not routinely operating, 

the emergency waste feed cut-off system will be tested before start-up of the 

CAI, but not necessarily o~ a monthly basis. 
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Table 11. Planned Operating Cond1tions for the 
Emissions Control System During the 

Trial Burn 

Equipment 

Quench chamber 

Venturi 

Packed bed 

~P Range \in. w.c.) 

0-2 

40-70 

1-8 
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D-5g Record Keeping 

~ written operating log will be kept at the C~I facility as per Appendix I of 

40 CFR Part 264 and 40 CFR 264.73(b). 

D-5h Performance Test Determination 

Trial burn results and determinations will be provided after they become 

available and have been displayed in a report format. 
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3.0 PROJECT DESCRIPTION 

Los Alamos National Laboratory will conduct a trial burn on 
a controlled air incineration (CAI) located in Los Alamos, 
New Mexico. The primary objective of the trial burn is to 
provide emissions testing, sampling, analysis, and 
evaluation directed toward obtaining the required operating 
permit for the facility. This Quality Assurance (QA) Plan 
describes the procedures for assuring the quality of data 
acquired during implementation of the trial burn plan. The 
incineration system, test waste feeds, incinerator test 
conditions, and sampling and analysis methods are described 
in Appendix J of the Los Alamos RCRA Part B permit 
application. 

Four trial burn tests will be conducted, each consisting of 
three replicate sampling runs. Tests 1 and 3 will be 
conducted at a final combustion temperature of 1800°F, while 
Tests 2 and 4 will be conducted at a final combustion 
temperature of 2000°F. Tests 1 and 2 will be conducted 
using a mixture of commercial grade fuel oil, an 
organometallic additive, and carbon tetrachloride (CC1 4) , 
with cc14 as the principal organic hazardous constituent 
(POHC). An organometallic additive will produce entrained 
particulate to test the particulate removal efficiency of 
the offgas cleaning system. Tests 3 and 4 will be conducted 
using a mixture of cellulosic sorbent and cc14 , with cc14 as 
the POHC. 



4.0 PROJECT ORGANIZATION AND RESPONSIBILITY 

This project will be conducted by Los Alamos National 
Laboratory personnel andjor contractor personnel who are 
experienced in the testing of hazardous waste incinerators. 

The project organization and lines of communication and 
responsibility are shown in Figure 4-1. A Trial Burn 
Project Manager will be appointed and will be responsible 
for all aspects of the trial burn. Some of the 
responsibilities of the Trial Burn Project Manager include: 

o planning and implementing the trial burn plan, 
o implementing the QA project plan, 
o designating individuals to assist in implementing 

the QA plan, 
o coordinating incinerator operations with test 

activities, and 
o directing the test team. 

A QA Officer, who reports to Laboratory management, will 
also be appointed. Some of the responsibilities of the QA 
Officer include: 

o providing independent data review, both operational 
and analytical, 

o making recommendations to the Trial Burn Project 
Manager and Laboratory management if problems are 
detected, and 

o ensuring that appropriate corrective actions are 
taken when problems are detected. 

A Sampling Coordinator who reports to the Trial Burn Project 
Manager, with lines of communication to the QAO Officer, 
will be appointed. Some responsibilities of the Sampling 
Coordinator include: 

o preparing and shipping sampling equipment and 
containers to the test site, 

o assigning and recording sample numbers, 
o directing andjor participating in sampling 

activities, 
o overseeing sample preservation in the field, 
o documenting sampling activities in a field log book, 
o preparing samples and shipping to the laboratory, 

and 
o carrying out assigned QA duties. 

A Laboratory Analysis Coordinator, who reports to the Trial 
Burn Project Manager, with lines of communication to the QAO 
Officer, will be appointed. Some responsibilities of the 
Laboratory Analysis Coordinator include: 

o receiving, verifying, and documenting that incoming 



field samples correspond to the chain of custody, 
o maintaining records of incoming samples, 
o tracking samples through processing, analysis, and 

disposal, 
o Preparing quality control (QC) samples for analysis 

during the project, 
o verifying that personnel are trained and qualified 

in specified laboratory QC and analytical proce
dures, 

o verifying that laboratory QC and analytical pro
cedures are being followed as specified in the QA 
plan, 

o reviewing QC and sample data during analysis and 
determining if repeat samples or analyses are 
needed, 

o submitting certified QC and sample analysis results 
to the project manager, and 

o archive storage of analytical data. 
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5.0 QUALITY ASSURANCE OBJECTIVES 

Quality assurance objectives for precision, accuracy, and 
completion are listed in Table 5-l. Precision, accuracy, 
and completion equations are defined in Section 14.0 of this 
document. The objective for all measurements is that at 
least 90 percent will be valid and meet the criteria set 
forth in Table 5-l. 

In addition, a minimum of 10 percent of all analyses 
performed will be duplicate QC checks. 



Table 5-l. Quality Assurance Objectivesa 

Sample Type 

Liquid mixture 
feed 

Solid mixture 
feed 

Measurement 
Parameter 

(Method) 

CC1 4 
Organic Cl 
Density 
Ash content 
Heat value 

CC1 4 
Organic Cl 
Ash content 
Heat value 

cc14 feed stock cc14 

Fuel oil cc14 
feed stock 

Organometallic CC1 4 
feed stock 

Cellulosic cc14 
sorbent feed 
stock 

Stack gas cc1 4 

Particulates 
HCl 
02 
C02 co 

Scrubber dis- CC14 
charge 
liquid 

Activated car- CC14 
bon, unused 

Activated car- CC1 4 
bon, spent 

HEPA filter CC14 
medium, unused 

HEPA filter CC14 
medium, spent 

Experimental 
Conditions 

Natural sample 
Natural sample 
Natural sample 
Natural sample 
Natural s~mple 

and SRM 

Natural sample 
Natural sample 
Natural sample 
Natural sample 

Natural sample 

Natural sample 

Natural sample 

Natural sample 

Natural and 
spiked samples 
Natural sample 
Natural sample 
Natural sample 
Natural sample 
Zero + Span Gas 

Natural sample 

Natural sample 

Natural sample 

Natural sample 

Natural sample 

Precision 
(%) 

<±20 
<±20 
<±20 
<±20 
<±20 

<±20 
<±20 
<±20 
<±20 

<±20 

<±20 

<±20 

<±20 

<±20 

<±20 
<±20 
<±20 
<±20 
<±10 

<±20 

<±20 

<±20 

<±20 

<±20 

aFor reference methods see Table 4 of the Trial Burn Plan 

bstandard reference material 

Accuracy Completio 
(%) (%) 

>80 
>80 
>80 
>80 
>80 

>80 
>80 
>80 
>80 

>80 

>80 

>80 

>80 

>80 

>80 
>80 
>80 
>80 
>90 

>80 

>80 

>80 

>80 

>80 

90 
90 
90 
90 
90 

90 
90 
90 
90 

90 

90 

90 

90 

90 

90 
90 
90 
90 

90 

90 

90 

90 

90 



6.0 SAMPLING PROCEDURES 

Samples of the liquid feed mixture will be taken at 15-
minute intervals during each test run as shown in Table 6-1. 
The liquid hazardous waste will be composited as specified 
using Method POOl.· The cc14 and fuel oil feed stocks will 
be sampled upon delivery and composited using Method POOl. 

Stack gas co concentration will be monitored continuously 
using an on-line analyzer. The co monitor will meet EPA 
Method 10 criteria. Stack gas velocity will be monitored 
continuously with an appropriate combustion gas velocity 
indicator. 

An EPA Method 5 sampling train will be used to collect 'stack 
gas particulate and HCl samples. The Method 5 procedure 
includes measurement of the stack gas flow rate and 
temperature according to EPA Methods 1 and 2. Every 30 
minutes, integrated samples of the stack gas will be 
collected in gas bags for o2 and co2 determinations by an 
Orsat analyzer according to EPA Method 3. The Orsat sample 
will be drawn by a separate pump through a tube attached to 
the Method 5 sample probe. Moisture determinations will be 
made according to the procedure described in EPA Method 5. 

A volatile organic sampling train (VOST) will be used to 
collect samples for POHC analysis to determine destruction 
and removal efficiency (ORE) • The VOST will be operated at 
about 17 liters per minute for the duration of each test run 
(approximately 3 hou5s). This will result in the collection 
of approximately 3 M of gas. 

The sample containers to be used for retaining samples for 
shipment to the analytical laboratory are described in Table 
6-2. All bottle caps will have Teflon liners. 

Those samples requiring low temperature preservation will be 
placed on ice ~ 0.4°C) in ice chests for shipment and will 
be stored at 4 C until analyzed. This will include all 
samples which contain volatile organics or which will be 
analyzed for volatiles. 
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Table 6-2. Sample Containers 

Sample Type Container 

VOST sorbent traps Capped VOST cartridges, wrapped 
in aluminum foil, placed in 

- sealed glass tubes 

Method 5 nozzle, probe, and Amber glass bottlea 
front half filter holder 
wash 

Method 5 filter 

Method 5 condensate 

Liquid mixture feed 

cc14 feed stock 

Solid mixture feed 

Fuel oil feed stock 

Organometallic feed stock 

Petri dish wrapped 
foil 

Amber glass bottle 

Amber glass bottle 

Amber glass bottle 

Amber glass bottle 

Amber glass bottle 

Amber glass bottle 

Cellulosic sorbic feed stock Amber glass bottle 

Scrubber discharge liquid 

Activated carbon, unused 

Activated carbon, spent 

HEPA filter medium, unused 

HEPA filter medium, spent 

Amber glass bottle 

Amber glass bottle 

Amber glass bottle 

Amber glass bottle 

Amber glass bottle 

in aluminum 

Method 5 o2 and co2 Plastic coated aluminum 
gas sample bag 

aAll bottle caps have Teflon lined lids. 



7.0 SAMPLE CUSTODY 

Sample custody will be the responsibility of Los Alamos 
National Laboratory personnel or contractor personnel from 
the time of sample collection until the samples are shipped 
to the analytical laboratory. Thereafter custody will be 
maintained by the analytical laboratory. 

Samples will be kept in appropriate containers labeled so as 
to uniquely identify each sample. An example Field Sampling 
and Collection form, shown in Figure 7-1, will provide an 
inventory and field sampling record of each sample collected 
during field operations. Figure 7-2 shows an example Chain
of-Custody Record form, which will provide the formal 
custody record. Figure 7-3 shows an example Record of 
Analysis Report form, which documents analysis results for 
each sample. 

Samples will be kept on ice as appropriate in an ice chest 
and will be shipped to the analytical laboratory in a 
secured chest. Chain-of-custody forms will be handled as 
follows: 

o original form included with sample shipment, 
o one copy retained by the sampling team, 
o one copy sent separately to the analytical 

laboratory, and 
o one copy sent to the project manager. 

The laboratory custodian, after taking inventory of each 
shipment, will sign and date the original custody form. He 
will make a note on the custody form of any discrepancy in 
the samples and will also maintain a log in which all 
samples are recorded and described. The samples will be 
maintained in custody until one year after the final report 
is submitted. 
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8.0 CALIBRATION PROCEDURES AND FREQUENCY 

Calibration procedures for sampling and analysis instruments 
used in this project are given in the methods procedures 
documents that are referred to in the sections on sampling 
and analysis. 

The Method 5 and Volatile organic Sampling Trains will be 
calibrated as indicated by EPA's "Quality Assurance Handbook 
of Air Pollution Measurement Systems" (EPA-600/4-77-0276). 
The activity matrices for calibrating the equipment and 
apparatus are shown in Tables 8-1 and 8-2. 

The co monitor will be installed and calibrated in 
accordance with "Proposed Performance Specification 4, 
Appendix B, 40 CFR Part 60. 11 The co monitor will also be 
calibrated daily using a zero gas and three certified 
standard gases with different concentrations. The 
concentrations of the calibration gases used will be close 
to and will span the expected values in the gas stream. In 
addition, the co monitor will have a zero and span 
calibration before and after each test and as requested 
during the trial burn by the regulatory representatives. 
The zero and span calibration will be considered a 
verification of the quality of data received from the co 
monitor. If the zero and span shows a drift greater than 10 
percent from the calibration curve, then a full calibration 
will be performed. 

The laboratory analytical apparatus will be calibrated 
according to instructions in the method description at least 
once each day that analyses are to be done. In addition, a 
mid-range calibration standard will be analyzed after every 
tenth sample analysis. 



Table 8-1. Activity Matrix for Calibration of Equipment 

.pparatus 

Wet test meter 

Dry gas meter 

Thermometers 

Probe heating 
system 

Barometer 

Preble nozzle 

Analytical 
balance 

Acceptance Limits 

Capacitj >3.4 m3;hr 
(120 ft /hr); 
accuracy with ±1.0% 

yi = y ±0.02 y 

rmginger thermometer 
±1 c (2°F); dry gas 
meter thermometer 
±3°C (5.4°F) over 
range; stack tem
perature sensor 
±1.5% of absolute 
temperature 

Capable of maintain
ing 120° ±14°C (248° 
±25°F) at a flow 
rate of ~1 Ljmin 
(0.71 ft ;min) 

±2.5 mm (0.1 in.) Hg 
of mercury-in-glass 
barometer 

Averge of three ID 
measurements of 
nozzle; difference 
between high and low 
<0.1 mm (0.004 in.) 

± mg of Class-S 
weights 

Jurce: EPA-600/4-77-027b (23). 

Frequency and Method 
of Measurements 

Calibrate initially, 
and then yearly by 
liquid displacement 

Calibrate vs. wet 
test meter initially, 
and when post-test 
check exceeds 
y ±· 05 y 

Calibrate each ini
tially as a separate 
component against a 
mercury-in-glass 
thermometer; then 
before each field 
trip compare each as 
part of the train 
with the mercury-in
glass thermometer 

Calibrate component 
initially by APTD-
0576(11), if con
structed by APTD-
0581(10) or use 
published calibra
tion curves 

Calibrate initially 
vs. mercury-in-glass 
barometer; check 
before and after 
each field test 

Use a micrometer to 
measure to nearest 
0.025 mm (0.001 in.) 

Check with Class-s 
weights upon receipt 

Action if 
Requirements 
Are not Met 

Adjust until 
specifica
tions are 
met, or re
turn to 
manufacturer 

Repair, or 
place and 
then re
calibrate 

Adjust; de
termine a 
constant 
correction 
factor; or 
reject 

Repair, or 
replace, and 
then reverify 
the calibra
tion 

Adjust to 
agree with a 
certified 
barometer 

Recalibrate, 
reshape, and 
sharpen when 
nozzle be
comes nicked, 
dented or 
corroded 

Adjust or 
repair 



Table 8-2. Activity Matrix for Calibration of Apparatus 

Apparatus 

Type S pitot 
tube andjor 
probe 
assembly 

Stack gas 
temperature 
measurement 

..1rometer 

Differential 
pressure 
gauge (does 
not include 
inclined 
manometers) 

Acceptance Limits 

All dimension speci
fications met 

Capable of measuring 
within 1.5% of mini
mum stack temperature 

Agrees within 2.5 mm 
(0.1 in.) Hg of 
mercury-in-glass 
barometer 

Agree within ±5% of 
inclined manometers 

Source: EPA-600/4-77=027b (23} 

Frequency and Method 
of Measurements 

Calibrate initially 
and visually inspect 
after each field 
test 

Calibrate initially 
and after each field 
test 

Initially and after 
every field use, 
compare to a 
liquid-in-glass 
barometer 

Initially and after 
each field use 

Requirements 
Are not Met 

Use pitot tubes 
that meet face 
opening 
specifications; 
repair or re
place as re
quired 

Adjust to 
agree with Hg 
bulb system 

thermometer, 
or construct a 

calibration curve 
to correct the 
readings 

Adjust, re
pair, or 
discard 

Reject test 
results, or 
consult admin
istrator if 
post-test 
calibration is 
out of speci
fication 



9.0 ANALYTICAL PROCEDURES 

Standard methods will be employed for the analyses of all 
collected samples. These methods are described in the 
following documents: 

o Sampling and Analysis Methods for Hazardous Waste 
Incineration, EPA 600/8-84-002, 

o American Society for Testing and Materials, Annual 
Book of ASTM Standards, 1984, 

o Test Methods for the Evaluation of Solid Waste, 
Physical/Chemical Methods, EPA Publication NO. SW-
846, 1982, 

o Methods for Chemical Analysis of Water and Wastes, 
EPA 600/4-79-020, and 

o New Source Performance Standards, Test Methods and 
Procedures, Appendix A, 40 CFR 60. 



10.0 DATA REDUCTION VALIDATION AND REPORTING 

Reduction of data obtained from this trial burn will involve 
using the sampling and analysis results to calculate DRE 
according to equations given in 40 CFR 264.343. 

The results of sample analysis will be reported in terms of 
massjunit volume or total mass per sample and emission rates 
in mass per hour. 

The initial step in the data validation will consist of a 
thorough check of all calculations involved in reduction of 
sampling and analysis data. Next, the data will be 
investigated for consistency of the results within and 
between tests. For example, comparisons will be made of 
stack gas flow rates, stack gas temperatures, and sampling 
system operating conditions. Analytical data will be 
reviewed to identify variations in composition from sample 
to sample among replicate runs. Where variations appear 
significant, calculations will again be checked for errors 
and the sample collection and analysis procedures will be 
reviewed to identify any causes for the inconsistencies. 
Any calculation errors will be corrected and anomalies in 
the sampling or analysis procedures will be documented and 
reported in the final project report. 

Automatic data processing procedures will be used to 
calculate emission rates. These procedures will be checked 
manually at least once for each set of equations. 

Treatment of Outlying Data and Measurements Below Detection 
Limits 

All data collected in the study will be considered valid, 
with the following qualifications, and will be reported. If 
anomalous results are obtained, every effort will be made to 
identify any problems in the sample collection, sample 
preparation, andjor analysis which could have contributed to 
the anomaly. If any problems occurred, they will be 
reported, with the results in question, and may serve to 
qualify the significance of the result(s). 

In instances where the analyte concentration in the analyzed 
sample is below the limit of detection, a "less than" value 
will be reported for the sample and for the emission level. 
Detection limits will vary with sample· type and the level of 
interference in the sample. 

All data accumulated during the project and final results 
will be recorded in permanently bound record books. 



11.0 INTERNAL QUALITY CONTROL CHECKS 

Blanks of all reagents and solvents used will be taken, as 
well as method blanks to assess possible laboratory 
contamination. A VOST cartridge will be opened and allowed 
to remain open as a field blank for the duration of each 
test. As the Method 5 Sampling Train procedures are 
inappropriate for field blank samples, none will be taken 
for the MS stack gas tests. Process parameter measurements 
(temperatures, flows, etc.) will consist of reading the 
appropriate instrument (thermocouple readout, flow meter, 
etc.), which will be calibrated prior to the test. 

Replicate samples are inappropriate for samples being 
composited before analysis, therefore they will not be 
taken. Instead, in order to provide quality control, a 
minimum of 10 percent of the composited samples from each 
test will have replicate analyses run with the other 
samples. 

All stack gas samples for POHC will be spiked with a 
surrogate compound before preparation and analysis. The 
surrogate data will be used to calculate recovery of the 
surrogate as a measure of the accuracy of the sample 
preparation and analysis procedures. The surrogate compound 
will not be cc14 . 

For directed analysis of the POHC in the stack gas samples, 
one sample from each triplicate set will be spiked at a 
concentration corresponding to two times the target 
detection limit of DRE for stack gas samples. 



12.0 PERFORMANCE AND SYSTEM AUDITS 

Sampling performance audits will be accomplished through 
observation of the sampling operations by the regulatory 
agency representative(s), the QA Officer, and the Trial Burn 
Project Manager. 

Analytical performance audits will consist of the replicate 
analysis and spiked sample procedures outlined in Section 
9.0 of this document. If deemed necessary by the Trial Burn 
Project Manager and QA Officer, standard reference materials 
will be submitted for analysis as unknowns. 

A system audit of laboratory activities involved in this 
trial burn will be performed by the Trial Burn Project 
Manager andjor QA Officer before any new experimental 
procedures are implemented. The audit will consist of an 
on-site inspection and review of the analytical operations 
and the associated quality assurance activities being 
employed. Additionally, the Trial Burn Project Manager 
andjor QA Officer will frequently review recent data to 
ensure that all required QC checks are being made and 
evaluation criteria followed. 



13.0 PREVENTIVE MAINTENANCE 

Preventive maintenance of sampling and analytical equipment 
used during the project will be performed according to the 
procedures and schedules set forth in manufacturers' 
maintenance manuals and as described in appropriate parts of 
standard methods. 

All preventive maintenance performed will be recorded in a 
service record log for each instrument. If the performance 
of the instrument could have been affected by the 
maintenance procedure calibration, check samples, where 
appropriate, will be analyzed and the results recorded in 
the record notebook before any samples are analyzed. 
Whenever parts are replaced, the serial number (SN) of'the 
new part (if available) or an assigned SN will be logged 
into the maintenance record notebook. 



14.0 PROCEDURES FOR ASSESSING DATA ACCURACY, PRECISION, AND 
COMPLETENESS 

The quality assurance activities implemented in this study 
will provide a basis for assessing the accuracy and 
precision of the analytical measurements. Table 5-1 shows 
the QA activity that will generate the accuracy and 
precision data for-each sample type. The generalized form 
of the equations that will be used to calculate accuracy and 
precision are given below: 

Accuracy 

Percent Accuracy = 
(X-T) 100 

T 
(14-1) 

where X is the experimentally determined value and T is the 
true or reference value of the species being measured. 

Precision 

Precision will be calculated as a percent difference from 
the mean of duplicate measurements according to: 

Percent relative difference = (14-2) 

Where x1 and x2 are the results of duplicate measurements. 

Completeness 

Completeness in meeting the data recovery objectives will be 
assessed by the following equation: 

Completeness, % = D 100 
(14-3) 

where Dr is the number of samples for which valid results 
are reported and D is the number of samples which are 
scheduled to be collected and analyzed during the study. 



15.0 CORRECTIVE ACTION 

The need for corrective action occurs when a circumstance 
arises that threatens the quality of the data output. In 
order for corrective action to be initiated, awareness of a 
problem must exist~ In most instances, the personnel 
conducting the field work and the laboratory analysis are in 
the best position to recognize problems which will affect 
data quality. Keen awareness on their part can frequently 
detect minor instrument changes, drifts or malfunctions, 
which can be corrected, thus preventing a major breakdown of 
the system. If major problems arise, they are in the best 
position to decide upon the proper corrective action and 
initiate it immediately, thus minimizing data loss. 
Therefore, the field sampling and laboratory analysis 
personnel will have a prime responsibility for recognizing 
the need for corrective action. Decisions on whether to 
take corrective action and what action(s) to take will be 
made by the Trial Burn Project Manager, QA Officer, or 
Analytical Coordinator. such decisions will be based on 
action limits discussed later in this section. When a 
corrective action is taken by any of the field or laboratory 
operations personnel, they will be responsible for notifying 
the project QA Officer so that he can, if deemed necessary, 
intensify QA surveillance of the affected sampling or 
analysis system. 

A second level of recognition of the need for corrective 
action will be the project QA Officer, who will determine 
the need for corrective action from the results of the 
audits described in Section 12.0 and from review of the QA 
data generated during the study. The QA Officer will be 
responsible for initiating corrective action by immediately 
notifying the Trial Burn Project Manager. The Trial Burn 
Project Manager will then be responsible for instituting the 
appropriate corrective action. 

Establishment of specific operating limits for all sampling 
and analysis systems beyond which corrective action will be 
triggered is not practical. Ultimately, the personnel 
performing and checking the sampling and analysis procedures 
and results must participate in such decisions. To reach 
the proper decision, each individual must understand the 
program objectives and data quality required to meet these 
objectives. Data quality objectives for this program are 
presented in Section 5.0. All personnel involved in the 
project will receive an approved copy of this QA Plan and 
thus will be informed of these objectives. Each individual 
will have a responsibility to notify the respective field 
sampling or laboratory operations supervisor whenever a 
measurement system is not yielding data within these 
objectives. 



Problems requiring corrective action decisions are most 
likely to occur in the field during stack sampling tests and 
in the laboratory during the analysis. 

If the situation arises requiring long-term corrective 
action, the following closed-loop corrective action system 
will be used: 

o define the problem, 
o assign responsibility for investigating the problem, 
o investigate and determine the cause of the problem, 
o determine corrective action course to eliminate the 

problem, 
o assign responsibility for implementing the correct

ive action, 
o determine the effectiveness of the corrective action 

and implement the correction, and 
o verify that the corrective action has eliminated the 

problem. 



16.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

The Trial Burn Project Manager, QA Officer, and key staff 
responsible for sampling, analysis, and data management will 
review the Project Quality Assurance Program performance 
weekly while data are being generated. The results of the 
QA review will be summarized in a memorandum which will 
specifically identify any areas that may require corrective 
action and present the proposed corrective action. In 
addition, the memorandum will present the results of 
previous corrective actions. Documented copies of all QA 
reports will be submitted with the trial burn sampling and 
analysis results. 
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REQUIREMENTS AND SPECIFICATIONS 

FOR 

OFFGAS SAMPLING 

Los Alamos Controlled Air Incinerator 
RCRA Part B Trial 

Burn 

(Revision 2, June 1986) 

I. INTRODUCTION 

This bid request solicits the services of a qualified 
sampling firm with experience in stationary source sampling. 
The responsibilities of the sampling firm will be to (1) 
conduct offgas sampling, (2) prepare collected samples for 
shipment to analytical laboratory, (3) provide quality 
assurance and quality control activities as required, and 
(4) prepare a comprehensive final report covering offgas 
sampling activities. 

II. DESCRIPTION OF INCINERATION TEST 

In compliance with the requirements of the Resource 
Conservation and Recovery Act (RCRA), the Department of 
Energy (DOE) has made application to the New Mexico 
Environmental Improvement Division (NMEID) for a Part B 
Permit for treatment and disposal of hazardous wastes at the 
Los Alamos National Laboratory. A part of this application 
is for the permitting of the Los Alamos controlled air 
incinerator (CAI) for the thermal destruction of RCRA 
regulated Laboratory wastes. This incineration test run is 
referred to as the trial burn. The primary objective of the 
trial burn is to provide emissions testing, sampling, 
analysis, and evaluation directed toward obtaining the 
required operating permit for the facility. 

Four trial burn tests will be conducted, each consisting of 
three replicate sampling runs. Tests 1 and 3 will be 
conducted at a final combustion temperature of 2000°F, while 
Tests 2 and 4 will be conducted at a final combustion 
temperature of 2200°F. Tests 1 and 2 will be conducted 
using a mixture of commercial grade fuel oil, an 
organometallic additive, carbon tetrachloride (CC1 4}, and 
hexachlorobenzene (HCB) with cc1 4 and HCB as the principal 
organic hazardous constituents (POHCs). The organometallic 
additive will produce entrained particulate during liquid 
mixture combustion to test the particulate removal 



efficiency of the offgas cleaning system. Tests 3 and 4 
will be conducted using a mixture of cellulosic sorbent, 
CC1 4 , and HCB, with CC14 and HCB as POHCs. 

The incinerator will be stabilized while feeding test wastes 
for 2 to 3 hours prior to each trial burn run (sampling 
period). Each sampling period will last about 3 hours 
resulting in a total time range of 15-18 hours for each of 
the four trial burn tests. Therefore the complete trial 
burn is expected to require 60-72 hours of contact time by 
the contract sampling firm at Los Alamos. Travel, setup, 
and packing time is in addition to this. 

The sampling firm is requested to quote services for travel, 
setup, a fixed 60-hour sampling time, packing, and report 
preparation with the following two options. 

Option 1 - Incineration and sampling operations conducted 24 
hours per day. This option will require sufficient 
contract sampling personnel to complete the trial burn 
sampling needs in about 2.5 days of continuous 
operation. Los Alamos personnel would operate the 
incinerator using two 12-hour shifts per day with each 
shift staffed by a minimum of 5 qualified persons. 

Option 2 - Incineration and sampling operations conducted 12 
hours per day. This option will require sufficient 
contract sampling personnel to complete the trial burn 
sampling needs in about 5 days of intermittent 
sampling. Los Alamos personnel would operate the 
incinerator process continuously by using two 12-hour 
shifts per day with a sampling shift staffed by a 
minimum of 7 qualified persons. 

Longer turnaround time and unanticipated problems associated 
with the incineration system could lengthen the trial burn. 
Accordingly, the sampling firm is requested to quote a fixed 
hourly rate for extension of sampling time past 60 hours. 

III. SAMPLING COORDINATOR 

A sampling coordinator will be appointed by the contract 
sampling firm. The sampling coordinator will report to the 
Los Alamos trial burn project manager, with lines of 
communication to the Los Alamos quality assurance officer, 
as indicated in Figure 1. Responsibilities of the sampling 
coordinator will include: 

0 preparing and shipping sampling equipment and 
containers to the trial burn site, 

0 assigning and recording sample numbers, 
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0 directing andjor participating in sampling activities, 

0 overseeing sample preservation in the field, 

0 documenting sampling activities in a field log book, 

0 overseeing sample preparation for shipment to the 
analytical laboratory, and 

0 carrying out assigned quality assurance duties. 

It is emphasized that it will be the responsibility of the 
sampling coordinator to ensure that all required samples 
indicated in this specification are collected properly and 
at the correct time. 

IV. SAMPLING REQUIREMENTS 

The locations from where solid, liquid, and offgas samples 
will be collected from the incineration system are shown in 
Figure 2. All of the materials supplied to the incineration 
process including fuel oil feed stock, cc14 feed stock, HCB 
feed stock, organometallic feed stock, cellulosic sorbent 
feed stock, liquid and solid mixture feeds, caustic 
solution, and makeup water are sampled at locations 1, 2, 4, 
6, and a. Samples of process secondary streams including 
incinerator ash, scrubber discharge liquid, and activated 
carbon are collected at locations 5, 7, and 13 respectively. 
o2 , co2 , CO, cc1 4 , HCB, HCl, and particulate emission 
samples are collected from the incineration system offgas 
(stack gas) at locations 10 and 11. 

Required sampling equipment, procedures, frequency, and 
reference methods are summarized according to sample 
location in Table 1. Additional details regarding each 
required sample are discussed below. 

A. Fuel Oil Feed Stock - A representative sample of fuel 
oil will be collected at location 1 before the start of 
the trial burn. An additional sample will be collected 
after any subsequent refilling of the fuel oil supply 
tank. The samples will be collected by a member of the 
contract sampling crew at the direction of the sampling 
coordinator. Operations personnel will alert the 
sampling coordinator to any refilling of the fuel oil 
supply tank. 

B. cc1 4 Feed Stock - A representative sample of cc14 feed 
stock will be collected at location 2 from each oulk 
container as it is opened for use. The samples will be 
collected by a member of the contract sampling crew at 
the direction of the sampling coordinator. Operations 
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personnel will alert the sampling coordinator when each 
new container is opened for use. 

c. HCB Feed Stock - A representative sample of HCB feed 
stock will be collected at location 2 from each bulk 
container as it is opened for use. The samples will be 
collected by a member of the contract sampling crew at 
the direction of the sampling coordinator. Operations 
personnel will alert the sampling coordinator when each 
new container is opened for use. 

D. organometallic Feed Stock - A representative sample of 
organometallic feed stock will be collected at location 
2 from each bulk container as it is opened for use. 
The samples will be collected by a member of the 
contract sampling crew at the direction of the sampling 
coordinator. Operations personnel will alert the 
sampling coordinator when each new container is opened 
for use. 

E. Cellulosic Sorbent Feed Stock - A representative sample 
of cellulosic sorbent feed stock will be collected at 
location 2 from each bulk container as it is opened for 
use. The samples will be collected by a member of the 
contract sampling crew at the direction of the sampling 
coordinator. Operations personnel will alert the 
sampling coordinator when each new container is opened 
for use. 

F. Liquid Mixture Feed - The POHCs (CC1 4 and HCB) will be 
batch blended with fuel oil and organometallic additive 
in a liquid waste tank prior to feeding to the 
incinerator. Samples of the liquid mixture blend will 
be collected at location 3 by a member of the contract 
sampling crew at the direction of the sampling 
coordinator. Samples will be drawn at 20-minute 
intervals during a run and composited as a 
representative feed sample for that run. 

G. Solid Mixture Feed - The POHCs (CC14 and HCB) will be 
absorbed in a cellulosic matrix. Tne total required 
solid feed material will be prepared by incinerator 
operations personnel before the trial burn and stored 
in sealed containers. Each sealed container will be 
labeled with a unique identifying number. A scoop will 
be used to collect equal size samples from each 
container of solid mixture feed before each container 
is sealed. These samples will be stored in amber glass 
bottles with Teflon-lined lids and will be marked with 
the same identifying number as the sampled container. 
Following a trial burn run, the sampling coordinator 
with prepare a composite of solid mixture feed from 
these collected samples that is representative of the 
actual material burned. The incinerator operations 



personnel will notify the sampling coordinator of the 
identity of the sealed containers used in each trial 
burn run. 

H. caustic Solution - An caustic solution (NaOH in water) 
is fed to the recirculating offgas scrubber water as 
required to neutralize collected acids. Samples of the 
caustic solution will be collected from the storage 
tank, location s, by a member of the contract sampling 
crew at the direction of the sampling coordinator. 
Operations personnel will alert the sampling 
coordinator when each new batch of caustic solution is 
prepared for use. 

I. Makeup Water - At the beginning of each trial burn run, 
a sample of the system makeup water will be collected 
by by a member of the contract sampling crew at 
location 6 at the direction of the sampling 
coordinator. 

J. Incinerator Ash - Small or possibly negligible amounts 
of ash are expected to be accumulated during each of 
the liquid feed test sampling runs. Larger quantities 
of ash are expected from combustion of the solid 
mixture feed test. Incinerator operations personnel 
will operate an ash collection and transportation 
mechanism at the end of each trial burn. Any ash 
collected will be sampled at the ash removal glovebox, 
location 5, by incinerator operations personnel at the 
direction of the sampling coordinator. The sampling 
coordinator will supply the sample container and 
reclaim the container once the sample is collected. 

K. Scrubber Discharge Liquid - Samples of scrubber 
discharge liquid will be taken at location 7. Before 
each trial burn run two samples of blowdown water will 
be collected 30 minutes apart and composited to provide 
a blank sample. During each trial burn run, blowdown 
water samples shall be taken every 60 minutes and 
composited for that run. The samples will be collected 
by incinerator operations personnel at the direction of 
the sampling coordinator. The sampling coordinator 
will supply the sample container and reclaim the 
container once the sample is collected. 

L. Activated Carbon, Unused - Prior to the trial burn, 
incinerator operations personnel will collect a sample 
of activated carbon from the adsorber bed, location 13, 
and place the sample in an amber glass bottle with a 
Teflon-lined lid. The container will be labeled with a 
unique identifying number. The sampling coordinator 
will claim the sample from the incinerations operations 
personnel. 



M. Activated Carbon, Used - The incinerator operations 
personnel will collect a sample of the adsorber bed 
after each trial burn run at the direction of the 
sampling coordinator. The sampling coordinator will 
supply each sample container and reclaim the container 
once the sample is collected. 

N. stack Gas ~ Samples of the particulates, acid gases, 
and volatile organics in the process offgas will be 
collected from the exhaust duct at locations 10 and ll 
as shown in Figure 3. This duct is outside the 
building and is approximately 11 feet above ground 
level. It is served by a steel grate work platform 
approximately 10.5 ft. by 21.5 feet, which is 8 feet 
above ground level. Access to the platform is via a 
2-ft. wide 45° steel stairway. 

VOST- A volatile organic sampling train (VOST), as 
illustrated in Figure 4, will be used at location 10 to 
collect cc14 and other volatile organics on sorbent 
resin. The VOST will be operated for approximately 3 
hours during each trial burn run by members of the 
contract sampling crew at the direction of the sampling 
coordinator. A separate VOST cartridge will be opened 
and allowed to remain open as a field blank for the 
duration of each sampling run. 

Modified Method 5 - An EPA Modified Method 5 sampling 
train as illustrated in Figure 5 will be used at 
location 11 for sampling of particulate, HCl acid gas, 
and HCB (and any other condensible organics present in 
the offgas). The sampling train will be operated by 
members of the contract sampling crew at the direction 
of the sampling coordinator. The Modified Method 5 
procedure includes measurement of the stack gas flow 
rate and temperature according to EPA Methods l and 2. 
Moisture determinations will be made according to the 
procedure described in EPA Method 5. The Modified 
Method 5 train will be operated for ~pproximately 3 
hours to collect approximately 3.5 m stack gas during 
each trial burn run. No method blank will be attempted 
with the Modified Method 5 train. Approximately every 
30 minutes, integrated samples will be collected for o2 
and co2 determinations by an Orsat analyzer according 
to EPA Method 3. The Orsat sample will be drawn by a 
separate pump through a tube attached to the Modified 
Method 5 sample probe. 

The contract sampler will furnish and prepare sufficient 
equipment and supplies (including VOST and Modified Method 5 
trains) to conduct the above sampling operations with about 
1.5 hour minimum turnaround time between sample periods. 
Sufficient overages of equipment and supplies should be 
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provided to ensure an adequate supply of all required 
sampling items. 

All sample containers for the sampling program will be 
supplied and prepared by the contract sampler. Glass sample 
bottles and jars shall be amber and have Teflon-lined lids. 

V. FACILITIES AND SERVICES AVAILABLE ON-SITE 

The following resources are available to the sampling firm 
on-site at Los Alamos: 

0 chemical laboratory (11 ft x 24 ft. with 45 ft 2 of bench 
top space and chemical sink), 

0 two fume hoods, 

0 digital balance (0.1 mg sensitivity), 

0 ice making machine, 

0 chest-type freezer (27 ft 3 capacity), and 

0 large refrigerator, 21 ft 3 capacity. 

The following plant utilities are available to the sampling 
firm on-site at Los Alamos: 

0 electrical power, 120 VAC, 60 Hz, 

0 plant air, 100 psig, 

0 instrument air, 60 psig, 

0 plant water, 40 psig, 

0 deionized water, 

0 distilled water, and 

0 waste drains. 

VI. CALIBRATION PROCEDURES AND FREQUENCY 

The VOST and Modified Method 5 trains are to be calibrated 
as indicated by EPA's "Quality Assurance Handbook of Air 
Pollution Measurement Systems" (EPA-600/4-77-027b) . The 
required calibration activities are outlined in Tables 2 
and 3. 
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, Table 2. Activity Matrix for Calibration of Equipment 

Appara~us 

Wet test meter 

Dry gas meter 

Ther::1c:::eters 

Probe heating 
system 

Baro:::le-=er 

Preble nozzle 

Analytical 
balance 

Acceptance Limits 

Capacit~ >3.4 m3;hr 
(120 ftjhr); 
accuracy with ±1.0% 

Imginger thermometer 
±1 c (2°F); dry gas 
meter thermometer 
±3°C (5.4°F) over 
range; stack tem
perature ser..sor 
±1.5% of absolute 
temperature 

Capable of maintain
ing 120° ±14°C (248° 
±25°F) at a flow 
rate of ~1 L/min 
(0.71 ft jmin) 

±2.5 mm (0.1 in.) Hg 
of mercury-in-glass 
barometer 

Averge of three ID 
measurements of 
nozzle; difference 
between high and low 
<0.1 mm (0.004 in.) 

± mg of Class-S 
weights 

source: EPA-600/4-77-027b 

Frequency and Hethod 
of Measurements 

Calibrate initially, 
and then yearly by 
liquid displacement 

Calibrate vs. wet 
test meter initially, 
and when post-test 
check exceeds 
y ±· 05 y 

Calibrate each ini
tially as a separate 
component against a 
mercury-in-glass 
thermometer; then 
before each field 
trip compare each as 
part of the train 
with the mercury-in
glass thermometer 

Calibrate component 
initially by APTD-
0576(11), if con
structed by APTD-
0581(10) or use 
published calibra
tion curves 

-
Calibrate initially 
vs. mercury-in-glass 
barometer; chec~ 
befoze and after 
each field test 

Use a micrometer to 
measure to nearest 
0.025 mm (0.001 in.) 

Check with Class-s . 
weights upon receipt 

Action if 
Requirements 
Are not Met 

Adjust until 
specifica
tions are 
met, or re
turn to 
manufacturer 

Repair, or 
place and 
then re
calibrate 

Adjust; de
termine a 
constant 
coJ":rection 
factor; or 
reject 

Repair, or 
replace, and 
then reverify 
the calibra
tion 

Adjust to 
agree with a 
certified 
barometer 

Re:::alibrate, 
reshape, and 
sharpen_ when 
nozzle be
comes nicked, 
dei)ted or 
corroded 

Adjust or 
repair 
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Table 3. Activity Matrix for Calibration of Apparatus 

Apparatus 

Type S pitot 
tube andjor 
probe 
asser.tbly 

Sti'ick gas 
temperature 
measu:-enent 

Baror.1eter 

Differential 
pressure 
gauge (does 
not include 
inclined 
manometers) 

Acceptance Limits 

All dinension speci
fications met 

Capable of measuring 
within 1.5% of mini
mum stack temperature 

Agrees within 2.5 mm 
(0.1 in.) Hg of 
mercury-in-glass 
barometer 

Agree within ±5% of 
inclined manometers 

Source: EPA-600/4-77-027b 

, 

Frequency and Method 
of Measurements 

Calibrate initially 
and visually inspect 
after each field 
test 

Calibrate initially 
and after each field 
test 

Initially and after 
every field use, 
compare to a 
liquid-in-glass 
barometer 

Initially and after 
each field use 

Requirements 
Are not Met 

Use pitot tubes 
that meet face 
opening 
specifications; 
repair or re
place as re
quired 

Adjust to 
agree with Hg 
bulb system 
thermometer, 
or construct a 
calibration cu: 
to correct the 
readings 

Adjust, re
pair, or 
discard 

Reject test 
results, or 
consult admin
istrator if 
post-test 
calibration is 
out of speci
fication 



VII. SAMPLE PREPARATION PROCEDURES 

The contract sampler will recover samples from the VOST and 
Modified Method 5 trains in accordance with prescribed EPA 
procedures. 

All stack gas samples for POHCs (CC1 4 and HCB) will be 
spiked with a surrogate compound before preparation for 
shipment to the analytical laboratory. The surrogate data 
will be used to calculate recovery of the surrogate as a 
measure of the accuracy of the sample preparation and 
analysis procedures. The surrogate compound will be 
selected and supplied by Los Alamos prior to the trial burn. 

For directed analysis of cc1 4 and HCB in the stack gas 
samples, one sample from each triplicate set will be spiked 
with a ccl4/HCB concentration corresponding to two times the 
target detection limit of DRE for stack gas samples. After 
consultation with contract sampling personnel, Los Alamos 
will indicate prior to the trial burn the required CC1 4/HCB 
concentration in the spiked stack samples. 

Replicate samples are inappropriate for individual samples 
being composited. Instead, in order to provide quality 
control, a minimum of 10 percent of the final composites 
associated with each trial burn run will be split and 
prepared for shipment for analysis. 

Blank samples of all reagents, solvents, and spiking 
solutions used by the contract samplers will be collected 
and prepared for shipment to the analytical laboratory. 

The sample containers to be used for retaining samples for 
shipment to the analytical laboratory are described in Table 
4. All bottle caps will have Teflon liners. Those samples 
requiring low temgerature preservation will be stored in a 
refrigerator at 4 c. This will include all samples which 
contain volatile organics or which will be analyzed for 
volatiles. 

VIII. SAMPLE CUSTODY 

Sample custody will be the responsibility of the trial burn 
project manager or the sampling coordinator from the time of 
sample collection until the samples are shipped to the 
analytical laboratory. 

Samples will be kept in appropriate containers labeled so as 
to uniquely identify each sample. A form similar to 
Figure 6 is to be supplied and used by the sampling 
coordinator to provide an inventory and field sampling 
record of each sample collected. 



The sampling coordinator is to provide and use a form 
similar to Figure 7 to provide a formal chain-of-custody 
record. Chain-of-custody forms will be handled as follows: 

0 original form retained at Los Alamos to include with 
sample shipment to the analytical laboratory, 

0 one copy sent separately to the analytical laboratory 
by the sampling coordinator, 

0 one copy retained by the sampling coordinator, and 

0 one copy sent to the trial burn project manager. 

IX. REPORTS 

Fifteen work days or more prior to the trial burn, the 
contract sampling firm will submit to Los Alamos for 
approval copies of all procedures and descriptions of all 
required equipment and supplies to be used. 

A final sampling report including data sheets, calculations, 
calibrations, and any other pertinent information on the 
sampling effort is to be provided within 20 work days 
following the completion of the trial burn. 

X. PRE-TEST MEETING 

Personnel from the contract sampling firm shall attend a 
meeting at Los Alamos prior to the trial burn to discuss the 
sampling plans and to become familiar with the incinerator 
process. One person present from the sampling firm must be 
the designated sampling coordinator. Travel costs to Los 
Alamos for this meeting are to be included in the proposal. 

XI. QUALITY ASSURANCE REQUIREMENTS 

A quality assurance (QA) plan has been prepared by Los 
Alamos for the trial burn and a quality assurance officer 
has been appointed from the Los Alamos staff. The sampling 
contractor personnel will communicate with the quality 
assurance officer as shown in Figure 1. Elements of the QA 
plan as it pertains to sampling have been included in the 
requirements of the above sections of this specification. 
The proposal and any subsequent report to Los Alamos will be 
reviewed by the quality assurance officer for compatibility 
with the Los Alamos QA plan. During the trial burn, the 
quality assurance officer will work with the trial burn 
project manager and sampling coordinator to achieve the 
objectives of the QA plan. 
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SUGGESTED SAMPLING FIRMS 

ACUREX CORPORATION 
Source Evaluation & Analysis Division 
485 Clyde Avenue 
Mountain View, CA 94042 

CLEAN AIR ENGINEERING, INC. 
209 North Woodwork Lane 
Palatine, IL 66067 

ENTROPY ENVIRONMENTALISTS, INC. 
Department T 
P. 0. Box 12291 
Research Triangle Park, NC 27709 

ENVIROTECH CORPORATION 
Buell Emission Control Division 
200 North 7th Street 
Lebanon, PA 17042 

ENVISAGE ENVIRONMENTAL, INC. 
P. o. Drawer 152 
Richfield, OH 44286 

KEMRON ENVIRONMENTAL SERVICES 
902 Highland Avenue 
Williamstown, WV 26187 

ROSSNAGLE & ASSOCIATES 
234 Route 70 
Medford, NJ 08055 

UNITED STATES TESTING COMPANY, INC. 
1941 Park Avenue 
Hoboken, NJ 07030 

(415) 964-3200 

(312) 991-3300 

(919) 781-3550 

(717) 272-2001 

(216) 526-0990 

(304) 375-5800 

(609) 654-1441 

(201) 792-2400 



APPENDIX L. SAMPLING CONTRACTOR TEST PROTOCOL 
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1.0 

2.0 

Introduction 

Test Protocol for 
Los Alamos National Laboratory 

Controlled Air Incinerator 
RCRA Part B Trial Burn 

August 28, 1986 

Clean Air Engineering, Inc has been contracted by University of 
California (operators of Los Alamos National Laboratory) to 
provide sampling activities directed toward obtaining an 
operating permit for Los Alamos Controlled Air Incinerator 
(CAI). 

The sampling is to be in compliance with the requirements 
o~ the Resource Conservation and Recovery Act (RCRA) for a Part 
B Permit for treatment and d~sposal o~ hazardous wastes. The 
trial burn w~ll be conducted at four separate conditions 
incinerating specially prepared liquid and solid waste at two 
secondary chamber combustion temperatures. The principal 
organic hazardous constituents (POHC's) considered for the tests 
are Carbon Tetrachloride (CCl,) and Trichloroethylene (TCE). 

Objec~ives 

The primary objective of the test program is to obtain 
hazardous waste incinerator operating and emission data for 
obtain~ng an operating permit for the facility. 

The testing will document the destruction and removal 
etfic~ency (DRE) for the following POHC's using a volatile 
organic sampling train (VOST): Carbon Tetrachlori9e (CCl), 
Tr~cnluroethylene (TCE). 



I 
• 
I 
I 
I 
I 
I 
I 
I 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3.0 

-2- August 28, 1986 

Sampling of both the waste feed material and the stack 
effluent will be performed such that a DRE of at least 
99.9999 percent (six 9's) may be determined. 

Sampling will also be performed using an EPA Method 5 sampling 
train to document the particulate and hydrochloric acid 
concentration in the stack effluent. 

Clean Air Engineering (CAE) will collect all. required samples, 
composite as necessary, provide quality assurance and quality 
control and prepare a comprehensive final report covering all 
sampling activities. 

Description of Installation and Process 

The LANL controlled air incincerator (CAI) is a dual-chamber 
refractory lined incinerator. Liquid waste is introduced into 
the lower, or primary, combustion chamber through an atomizing 
nozzle where underfire air supports combustion at near stoichi
ometric conditions. (Solid waste is batch fed into the lower 
combustion through an appropriate mechanism). Unburned 
volatile compounds and entrained particulate exit the lower 
chamber through a connecting duct to the upper or secondary 
combustion chamber. Excess air is introduced at this location 
to promote complete combustion. The secondary chamber is 
designed to burn off volatiles with needed residence time and 
supplemental heat supplied as needed. Oxygen control is 
established by oxygen/combustibles analyzers at the exit of 
of each chamber with excess air controlled by adjustment of 
underfire air flow in the primary chamber and secondary air 
flow in the secondary chamber. 

The offgas cleaning system consists of a quench tower, a 
high-energy variable throat venturi scrubber, a packed column 
absorber tower, a condenser, a mist eliminator, a reheater, 
a carbon absorber two series of two HEPA filters and two 
induced-draft blowers. Gas and particulate sampling ports are 
provided on the duct between the blowers and the stack. 

Attachment I presents the proposed test matrix. Attachment II 
presents the proposed feed compositions for the test burn. 
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4.1 Sampling for POHC's will be conducted using the volatile 
organic sampling train (VOST). Operation will be in 
accordance with_ "Protocol for the Collection and Analysis 
of Volatile POHC's using VOST", EPA-600/8-84-007, dated 
Marcn, 1984. It should be noted that this is a draft 
method that has not as yet been promulgated by the USEPA. 

The VOST system, as shown in Figure r, consists of a 
sampling probe, a volatile collection system, and a 
gas metering system. The volatile collection system 
consists ot condensers to cool the gas and two adsorbent 
traps in series. The first trap contains TENAX and .the 
second trap contains a section of TENAX followed by a 
section ot cnarcoal. 

Each set (of two) traps will be exposed to twenty liters 
ot e~fluent over a twenty minute period. The traps will 
than be charged and the sampling repeated until six (6) 
sets of traps are taken at each burn condition. 

Each trap will be placed in its own transport tube 
and sealed by CAE for shipment to the analytical labora
tory per the above protocol. 

The aqueous condensate will be recovered at the end of 
each samp~ing condition. The sample will be archived 
but not analyzed because of the insolubility ot the POHC's. 

4.2 The following VOST blanks will be taken: 

1 Set - laboratory blank - desorbed by lab, does not 
leave laboratory. 

1 Set - trip blank - desorbed by lab, shipped to job site, 
returned to laboratory unopened. 

4 Sets - field blanks - desorbed by lab, taken to sampling 
s~te, end caps are opened for 
approximately 5 minutes (time that 
it takes to change traps), recapped 
and returned to lab. One set 
taken for eacn burn condition. 
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4.3 Samples ot the liquid and solid feeds, scrubber water, 
makeup water, ash and activated carbon will be taken at 
the location and frequency according to attachment III. 

4.4 Particulate and HCl testing will be conducted using EPA 
Method 5 sampling procedures. The water in the impingers 
5 sampling procedures. The water in the impingers may be 
may be replaced by 0.1 n sodium acetate if the expected 
chloride concentrations warrants it. The sampling train is 
shown in Fig II. Eight (8) traverse points will be 
sampled for eight minutes each for a total test time of 64 
minutes. The sampling port locations and sampling points 
are shown in Figures III and IV respectively. Three (3) 
runs W1ll be conducted at each Of the four (4) burn 
conditions. Oxygen and carbon dioxide w1ll be measured 
during each run using the intergrated procedure of EPA 
Method 3. Two (2) samples (bags) will be taken during each 
run. 

4.5 Carbon monoxide will be monitored during each trial burn 
run using the continuous sampling train and non-dispe:rsive 
intra-red analyzer procedure outlined in EPA Method 10. 

4.6 Analysis ot all of the samples taken w1ll be performed by 
an analytical laboratory designated by Los Alamos National 
Laboratory. All samples w1ll be sealed by Clean Air 
Engineering and logged on appropriate chain of custody 
forms for shipment to the laboratory. Spiked samples will 
be provide by LANL. 

5.0 Manpower Responsibilities (Clean Air Engineering) 

Sampling coord1nator 
LANL - CAE Correspondence and interface 
Shipment of samp~ing equipment to trial burn site 
Ass1gnment and record1ng sample numbers 
Direction OL sampling activities 
Direction ot sampling preservation/compositing/sealing/shipment 
Documentation ot samplng activities in field log 
Run MlO carbon monoxide equipment 
Quality assurance 
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Bul~_Sampling Technician 
Collect all liquid/solid samples at appropriate times - per 
sampling matrix. 
Notify LANL personnel when appropriate to take samples. 
Organize samples in secure area 
Keep CAE sampling crews supplied with ice and expendables 
Be present in incinerator building when sampling coordinator is 
absent to notify CAE crew if operation upset 

Method 5 Sampling Technicians 
Prepare M5 equipment 
Weigh M5 filters and beakers 
Run M5 equipment . 
Perform orsat analysis of M3 samples 
Recover M5 samples 
Assist VOST technician 

VOST_§amEling Technician 
Prepare VOST equipment 
Run VQST equipment 
Change cartridges at appropriate times 
Recover aqueous condensate at end of each condition 
Assist: M5 technician 
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PAGE 10 
ATTACHMENT I 

LOS ALAMOS CAI 

RCRA TRIAL ·BURN 

INCINERATION TEST CONDITIONS 

INCINERATOR CHAMBERS 
Feed Feed Rate Primary Secondary Time 

Test # ~ (lb/h) Temp,F 02..r...! Temp,F Ol..r...! -1.hl 

lA liquid 150 1900 3-9 2200 3-9 1-3 
lB liquid 150 1900 3-9 2200 3-9 1- 3 
lC liquid 150 1900 3-9 2200 3-9 (- 3 

2A liquid 150 1900 3-9 2000 3-9 /-3 
2B liqui~ 150 1900 3-9 2000 3-9 /-3 
2C liquid 150 1900 3-9 2000 3-9 /-3 

3A solid 200. 1900 3-9 2200 3-9 1-3 
3B solid 20Q 1900 3-9 2200 3-9 1-3 
3C solid 200 1900 3-9 2200 3-9 /-3 

4A solid 200 1900 3-9 2000 3-9 1-3 
4B solid 200 1900 3-9 2000 3-9 /·3 
4C solid 200 1900 3-9 2000 3-9 (-3 

Notes: 

1) The above primary chamber temperatures are estimates 
based on experience. The actual temperatures will be those 
obtained from burning the particular waste stream at the 
specified feed rate with the primary chamber natural gas 
burners on low fire. 

2) The oxygen levels for both the primary and secondary 
chambers are given as a range pecause the actual level is 
that resulting from the temperature obtained and the 
specified feed conditions. 

3) The time given is the sample period elapsed time only. 
The length of time that feed material will be fed to the 
incinerator between each sample period will range up to 3 
hours. Hence, the maximum total elapsed time between the 
beginning of sample period lA and the end of sample period 
4C will be 72 hours. 
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ATTACHME~~T II 

LOS ALAMOS CAI 
RCRA TRIAL BURN 

FEED COMPOSITIONS 

Material 

Pel-e-cel (corn cobs) 
Water 
Plastic jug 
Cardboard box 

RCRA SOLID FEED 
(4,676 Btu/lb) 

Weight % 

41.29 
4.13 
5.54 
4.05 

Carbon tetrachloride 
Trichloroethylene (TCE) 

30.00 
15.00 

Total 

RCRA LIQUID FEED 

Grams/box 

6936 
694 
930 
680 

5040 
2520 

16800 

(1400 lb batch, 7,542 Btu/lb) 

Material 

Fuel oil 
CC1 4 
TCE 

Material SpG 

Fuel oil 0.854 
CC1 4 1.594 
TCE l. 4642 
Pel-e-cel 0.578 
Cardboard -----
PE jug 
Water 1.00 

weight % Lbs Gal Liters 

35 490 68.82 260.48 
45 630 47.40 179.41 
20 280 22.93 86.79 

1400 139.15 526.68 

PHYSICAL PROPERTIES 

Density Clb/gall 

7.12 
13.29 
12.21 

4.82 

8.34 

Heat content 
CBtu/lbl 

18,968 
986 

2,301 
.71052 
7,052 

18,687 

Lbs/box 

15.28 
1.53 
2.05 
1.50 

11.10 
5.55 

37.00 
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LOB ALAMOS COHTROLLBD AIR IHCIHBRATOR 
RCRA TRIAL BURN 

SAMPLES FOR OFF-SITB ANALYSIS 

f -

Process ANALYSES No. of 
sample LoCation eel~ TCE cl= Partie. pH samples 

Fuel oil feed stock 

CC1 4 feed stock 

TCE feed stock 

Cellulosic (Pel-a-eel) 
teed stock 

Liquid mixture feed 

Solid mixture feed 

Caustic solution 

Makeup water 

Incinerator oeh 

scrubber discharge 
liquid 

1 

2 

2 

4 

3 

4 

8 

6 

5 

7 

Activated carbon (fresh) 13 

Activated carbon (used) 13 

Stock goa (VOST) 10 

Stock goa blank (VOST) 10 

X X 

X 

X 

X X 

X X 

X X 

X X 

X X 

X X 

:If X 

X X 

X X 

X X 

X 

X 

X X 

X 

X 

X 

X X 

X X 

X X 

X X 

1-2 

2..:4 

2-4 

1 E 

6 

1 E 

5-10 

12 E 

2 E 

12 E 

1 E 

~ E 

J_~.M!'"E 
6,2(?)E 

- - ... -

Procedure/FreauencY 

each fuel oil tonk reload (grab) 

every drum of CC1 4 (grab) 

every drua of TCE (grab) 

one bog of Pel~e-cel (grab) 

end of every sample period (grab) 

one box of mixed solid feed (grab) 

... 

every botch prepared in caustic tonk (grab) 

end of"every sample period (grab) 

end of test I3C, end of teat I4C (grab) 

at beginning, middle, and end of each 
sample period, then composited (grabs) 

before trial burn (grab) 

end of each sample period (grab) 
1 
,ah during each sample period (continuous) 

3h (continuous) 

Stock goa EPA K5 11 

stock goa blank EPA K5 11 

EPA QC VOST/K5 soaple 10/ll 

HEPA filter media (fresh) 9 

HEPA filter media (spent) 9 

X X 12 /~ during each sample period (continuous) 

X 

X X X 

X X 

X X 

X 

X 

2(1) aa. f•••tfpug"s) 

? before trial burn (continuous) 

1 E 

1 E 

before trial burn (grab) 

after trial burn (grab) 

Noter The •E• denotes those so•plea which will require extraction tor one 
or aore of the analyses. 

-

:to., 
~ 

~ 
2: ., 
H 
H 
H 

• -

1-0 
:to
C) 
£71 

1-' 
N 
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CHAIN-OF-CUSTODY · 

CLIENT: ______ __;_ _____ _ 
LOCATION: ---------

DESCRIPTION 
SAMPLE NUMBER OF SAMPLE RECOVERY DATE SAMPLE RECOVERY BY 

: 

. 

CARRIER: 

-
RELINQUISHED BY RECEIVED BY TIME DATE P-EAS 0~ fOl\ Cl!4U OJ' 

Of ~USTOP1( ' 

-
--

I[ LI _______ LM ___ o_RA_T_o_R_Y_AN __ AL __ Ys_r_s __ BY_.~·======================-------~n_AXE~~=======~--~ 
----

I 

• 
0 
c: -

"' C) 
c: ·-~ 
Q) 
Q) 
c: ·-C) 
c: 
w 



- ., 
'!! - - - - - - -- ..... ~ - ... - •t 

Plant Stack Ho. 

Data_ Probe No. 

Location YOST No. 

ep.ntor lbt ... tar No. 

r1al4 Blank I.D.a Tltnax Dry Gaa Meter No. 

Ten&a/0\arcoal 

Condenser Cae 
Cartridge I.D. lbta•eta'r Sa•pling Probe 114r01'1etr1c Outlet "etar ' Sa•ple 

Pair IAak Tenax/ Reading Tt.e Duration ~•P• Pre a aura ~"'P• 'IIII•P• Dry Gae Meter Yoluae 
~to.b Cbecll Tenax Charcoal Cll•ln) Inhial Final l•inl c•c) ClnofHq) c•c1 (Outlet) Initial Final lllteu) 

. .. . .. . 
- --

Oonden .. ta laapl••• 

!!!!L!!!!:. laapla t.D. C~enta 

•oraaa a,._4ing ahould be tabulated at the beginning of a run and avery five •lnutea thereafter, 
bp.rera to ... pla collection on one palr or Tenaa an4 Tenax/charcoal trap•· 

. • VOST FI f.LD DATA SIIEF.T; 

~- --~-- ~~-

.... 

C~ente 

' 

i 

--- ·- ---- I 

.... 

1-0 
PJ 

OQ 
CD 

...... 
ln 



- .., - - -
Client/Owner 
Plant 
Unit• Inlet/Outlet 
Operator 
Date 
Run No. 
Sample Box No. 
Meter Box No. 
MeterDH@ 
K Factor 
PltotCp Pltotleak Ck 

CFM@ leak Rate Belore 
leak Rate Aller CFM@ 
Static Press., ln. H,O ( + 1-) 

MIN/PT __ 

TRAVERSE SAMPLING 
POINT. TIME VACUUM 

NUMBER 9. min. ln. Hg 

. 
TOTAL 

AVERAGE 

- - - - .... ~ - .... - ... ... ._ ..... .... --' 
~ 

PARTICULATE TESTING 
RAW DATA SET Ambient Temperature, "F 

Barometric Pressure, ln. Hg 
Start Time Filter ll's Assumed Moisture, •;. 

AM Heater Box Setting 
PM Probe Length, Ft. No. 

Finish Time Thimble It Nozzle Diameter, ln. 

AM Probe Heater Setting 

fM %0. 
I 

%C01 

Meter Yd Beaker II H,O,ml 
Silica Gel, gm 

Hg Total VIc 
Hg 

SCHEMATIC OF TESTING LOCATION 
Stack Area, Ft! 
Pyrometer No . . 

PRESSURE Initial TEMP. OF 
DIFFERENTIAL Volume: GAS LEAVING SAMPLE 

ACROSS GAS SAMPLE TEMPERATURE CONDENSER BOX 
STACK VELOCITY ORIFICE ~- . GAS SAMPLE AT DRY GAS METER OR LAST TEMPERATURE 

TEMPERATURE HEAD METER , ~:~;VOLUME INLET OUTLET IMPINGER 
T,. Of OP, DH. ln. H10 "'~~· V.,. Ft• T.,ln, •f T.,oui,°F Tc, Of T, •f 

... 

i 

. 

. 
I 

I 

AVG. AVG. 

AVG. 
....... 

({;~®tmrru ~ow Engineering, Inc. Page ol __ _ Pl 
(TQ 

CD 

. , ..... 
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, .. 

ORSAT READINGS 

Job: _________________________________ __ Date: ____ _ 

Test No.: ______ _ 

. 
Time 7. C02 z 02 % co 

.. 

: 

. 

. . 

. 

. 

Average 

t . 

. ---.:.... ---~----. .-- . - ·...::... .. 



( \LANC [ _________ _ i. L ILN 1 ________ _ 

OPERATOR ________________ __ Page 1P PLANT ________________ __ 

DATE ___________________ __ UNIT ___________________ _ 

SHEET M _____ OF __________ __ RUN N ___ _ 

\-J E I G ~ IT S Ill~ r T - - - -
RUN ~ WT. M FILTER 

" 
OR WASH 

·. IDENT 1 F 1 CAT I Of\. TFB ML CORR. GROSS TARE 
-. 

l BLANK B - - - -

2 

r 

3 
' -

I Lt 

,I ---

5 
f 
I 

1--

6 

. , 
; •. 

7 i _,'/ 
I 

, .... . 
·----

8 

9 I : .. - -- 1-

.. ' 

110 
r------ . 

'-· -t • -
I 

\ I .. 
\1. 

I ' I ... 
' 

.. .. . .. -. -- ---- - ... --- --· -·-
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QUALITY ASSURANCE PLAN 

CEP-QA-1 
1/02/74 
Page 1 of 12 
REV-3 
l/IJ7/33 

RADIOCHEMISTRY (ENVIRONMENTAL AND BIOASSAY), INORGANIC CHEMISTRY, 

ORGANIC CHEMISTRY, MICROBIOLOGY AND NUCLEAR MEASUREMENTS 

1.0 Plan Description 

1.1 Purpose 

The purposes of this Quality Assurance Plan are to: 

(a) define the nature and extent of Quality Assurance for Radiochemistry, 
Inorganic Chemistry, Organic Chemistry, Microbiology and ~uclear 
Measurements; 

(b) set forth requirements for preparation of Quality Assurance and C'•Ja1ity 
Control procedures; and 

(c) provide a general description of the Standard Operating Procedures used to 
carry out this Plan. 

1.2 ~ 

This outlines the Quality Assurance Plan and Quality Control orocedures for all 
analytical activities practiced by Controls for Environmental Pollut1on. !nc. 
(CEP) in providing laboratory services to its clients. 

1.3 Objectives 

The overall objectives of this Quality :\ssurance Plan are to: 

1.3.1 General Objectives 

(a) assure that analytical procedures and practices are adequate to 
maintam required precision and accuracy of laboratory data; 

(b) coordinate an in-house Quality Control program, indeoendent of 
external programs, to assure that data generated by CEP is of the 
highest quality. 

1.3.2 Specific Objectives 

The specific objectives of this Quality Assurance Plan are to: 

(a) assure that chemistry activities are documented and coordinated with 



client specifications and regulatory requirements; 
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(b) assure that all chemistry procedures and practices ar-= correct and 
adequate in terms of required accuracy and reproducibility of data; 

(c) assure that procedures and practices conform to client specificatio'ls 
and regulatory requ1rements; 

(d) assure that qualified 
continued training, as 
analytical procedures; 

laboratory 
necessary, 

personnel are provided wtth 
for proper performance of 

(e) assure that records are completed and maintained for all samples and 
for each analysis conducted; 

(f) assure that procedures contain adequate Quality Control measures 
and that such measures are practiced routinely; and 

(g) assure that all equipment is maintained and calibrated on a scheduled 
basis as required. 

2.0 Responsibilities 

2.1 Director of Quality Control 

The Director of Quality Control is responsible for: 

(a) assuring that all Quality '\ssurance and Quality Control docu:nents ar~ 
reviewed and approved; 

(b) reviewing and approving Quality '\ssurance :\udits: 

(c) reviewing and approving new analytical procedures: a;:d 

(d) issuing "stop work orders" for procedures whic'l are ",ot in cor:-~pLance wit'-1 
the requirements of this plan. 

2.2 Quality Control Officer 

The Quality Control Officer is responsible for: 

(a) developing and carrying out the aporoved Qualitv .'\ssurance Program, and 
advising and assisting management in meeting these requireme!lts; 

(b) monitoring quality control activities of the laboratory to :Jeter·nine 
conformance with the Quallty Control Program; 

(c) performing Quality Assurance Audits, writing reports and providing follow
up action; 
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(d) recommending "stop work orders" when procedures are not tn compliance 
of this plan; 

(e) maintaining records on all anlytical data, calibration data and radioactive 
material inventory; 

(f) providing clients with Quality Control data and Quality Assurance reports 
as requested; 

(g) standardizing all radioactive quality control solutions; and 

(h) introducing quality control samples, Environmental Protection Agency 
samples and other Environmental Protection Agency approved samples. 

2.3 laboratory Supervi!or 

The Laboratory Supervisor is reponsible for: 

(a) monitoring laboratory personnel with respect to maintaining routine 
Quality Control practices: 

(b) implementing new Quality Control procedures as directed by the QuaL :v 
Control Officer; 

(c) evaluating laboratory personnel in their Quality Control activit1es; and 

(d) reviewing and signing analytical data. 

3.0 Administration 

Administrative activities associated with Radiocher:lis::-v. Inor~anic c:-:e":l!St:-v. 
Organic Chemistry, Microbiology and Nuclear \1easurerr.ents. will je revce··..,e-:i at 
Corporate Headquarters in Santa Fe, :-.lew \1exico. 

Quality Assurance activities and audits will be performed at all CEP laboratJry 
locations. 

4.0 Schedule of Quality Control Activities 

4.1 Radiochemistry 

(a) Reagent blanks, duplicates and internal laboratory spikes will be analyzed 
at a frequency of ten percent. 

(b) Quality control samples, unknown to laboratory personnel, will be issued ]v 
the Quality Control Officer, as appropriate: weekly, monthlv, or qu.arterlv . 

(c) Samples provided by the Environmental Protection Agency, or other 



CEP-QA-1 
1 /02/7'+ 
Page4ofl2 
REV-5 
l2/l2/83 

Environmental Protection Agency approved supplier will be submitted as 
provided. 

(d) Reagents and carriers which are in regular use and critical to prooer 
results will be standardized monthly or prior to use, as appropriate. 

(e) Radioactive quality control solutions will be calibrated as required. 

4.2 Inorganic Chemistry 

(a) Reagent blanks, duplicates and internal laboratory spikes will be analyzed 
at a frequency of ten percent. 

(b) Quality control samples, unknown to laboratory personnel, will ':Je 
submitted quarter tv by the Quality Control Officer as follows: 

Water Chemistry 

Nitrate, Chloride, Fluoride, Sulfate, Total Dissolved Solids, Specific 
Conductance and Hardness. 

Atomic Absorption Spectroscopy 

Aluminum, :\rsenic, Barium, Cadmium, Chromium, Copper, Lead, L:t~iu:n. 
'v\ercury, \1olybdenum, Potassium, Selenium, Silver and Sodium. 

Inductively Coupled Plasma Spectroscopy 

Beryllium, Boron, Calcium, Cobalt, Iron, "agnesium, vlanganese. :-.;ickel. 
Phosphorus, Silica, Strontium, Sul!ur, Vanadium and :~nc. 

Quality control samples not intr-oduced i::to he laboratory w::l )e 
documented on an Explanation For:11 (See :\ppendix -\). 

(c) Spiked samples provided by the Environmental Protection -\gene:; as cross
check samples will be submitted at t'<e frequency the samples are prov1dec1. 

(d) Spiked samples r:ertified by the Environmental Resources .\ssociates or 
other Environ mental Protect ron :\gency approved supplier will ·Je 
submitted at the frequency the samples are provided. 

(e) Reagents which are critical to proper results will be standardized prior :o 
use or as appropriate. 

4.3 Organic Chemistry 

(a) Reagent blanks will be analyzed at a frequency of ten percent. 
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(b) Duplicates will be analyzed at a ten percent frequency if sufficient sample 
is provided. 

(c) Quality control samples, unknown to laboratory personnel, will be issued 
quarterly by the Quality Control Officer. 

(d) Spiked samples provided by the Environmental Protection Agency as cross
check samples will be submitted guarterlv, or as prov1ded. 

4.4 Microbiology 

(a) Reagent blanks will be analyzed on each set of analysis. 

(b) Duplicates or serial dilutions will be analyzed on all samples having 
adequate volume. 

(c) Quality control samples. unknown to laboratory personnel, will be 
submitted guarterlv, where applicable. 

(d) Spike samples from the Environmental Protection Agency will be submitted 
at the frequency the samples are provided. 

(e) \\edia for routi:~e bacteriological procedures, when it is prepared, wdl be 
spiked with bacteria for venfica tion of growth capacity. 

4.5 Nuclear Measurements Instrumentation 

(a) Ail nuclear measure~ents instr•J.'nentation and equi;:,~ent shall be on a 
maintenance program, as appropriate for the nature and frequency of 
usage. 

(b) Backgrounds on proportional counters and aloha spectrometers .~;·dl be 
conducted with every twenty-five samples. Backgrounds for gamma 
spectrometry are determined automaticaliv for all samples ana;·.-zed 
(computerized program). 

(c) Instrumentation calibrations of proportional counters, ga-nma 
spectrometers and liquid scintillation syste~s shall be conducted on a 
weekly basis. .l..lpha spectrometers shall be calibrated on a guarterlv bas1s. 
Less frequently used instruments will be calibrated xior to use. Standards 
used are to be traceable to National Bureau of Standards, when available. 

(d) Self-absorption curves will be conducted on a guarterlv basis. 

4.6 Analytical Instrumentation and Equipment 

(a) Atomic Absorption Spectrophotometer calibration curve shall be conducted 
for the particular method analyzed with certifed reference standards pri·Jr 
to use. 
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(b) Inductively Coupled Plasma Spectrophotometer calibration curve shall ':le 
conducted for the particular method analyzed with cert1fied reference 
standards prior to use. 

(c) Gas Chromatograph calibration curve shall be conducted for t~e particular 
method analyzed with certified reference standards prior to use. 

(d) Ultraviolet/Visible Spectrophotometer calibration curve shall ':le conducted 
for the particular method analyzed with reference standards prior to use. 

(e) pH \-1eters shall be calibrated with certified buffer solutions prior to use. 

(f) Conductivity probe cell constant shall be determined prior to use. 

(g) Biochemical Oxygen Demand \ieter shall be calibrated monthlv. 

(h) Fluorometer calibration curve shall be conducted with certified reference 
standards traceable to National Bureau of Standards prior to use. 

(i) Balances shall be calibrated monthlv with class "S" weights having ~ational 
Bureau of Standards specifications. 

(j) Refrigerator temperatures will ':le checked cailv. 

(k) Incubator temperatures will be checked ~· 

(l) Hoods will be monitored on a mont~lv basis. 

(m) \licrowave ovens will be monitored r'T!Ont':lv. 

(n) Glass thermometers will be calibrated annuallv and ,:1etal ~:te~:10:1ete:s 
quanerlv. 

4.7 Instrument Maintainence 

(a) Instru:nents and equip:-'lent shall ':le -naintained on a schedule. as -:eerned 
necessary by the manufacturer. Electromc cali:,n,1on shall be conduc':ed 
as recommended in the manufacturer's manual. 

4.8 Quality Assurance Audits 

(a) Quality .A.ssurance .A.udits shall be performed as deemed necessarv 'Jy t~e 
Director of Quality Control. 
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For all analytical methods used at CEP, Quality Control and Quality Assurance 
practices are built into the procedure. Since the sample is almost always consumed or 
altered during the analytical process, it is important that each step in the analytical 
process is correctly followed in order to yield valid data. In addition, Standard 
Operating Procedures are used to assure the following: 

(a) use of standardized practices and equipment which have been demonstnted to '::le 
adequate for compliance with client requirements with regards to accuracy, 
sensitivity and reproducibility of data; 

(b) that laboratory personnel are trained on the particular methods and equipment 
used; and 

(c) that equipment, chemicals, samples and instrumentation are controlled at every 
step to assure accuracy and reliability. 

5.1 Quality Control 

(a) Standardization and qualification of procedures including: 

l. Uniform step-by-step procedures: and 

2. Training of personnel in use of procedures and equipment. 

(b) uniform instructions for reagent oreparation, control, storage. use and 
shelf-life (including appropriate labeling and dating); 

(c) proper selection of glassware, plastic contai:1ers and other analytical 
equipment and supplies; 

(d) re~ular calibration of equipment (against standards wit:I tncea:,di ty ~o 
~ational Bureau of Standards, where :1ecessary and available); 

(e) uniforcn and consistent procedures for taking. controlli:1g, oreservtr.g a~.<j 
using samples (including identific.ltion labels w1th dates and t::-ne, type and 
amount of preservative, and control number for all :-ecord pur;:Joses); 

(f) provisions for control of procurement, storage and use of ail che:IHcals 
used in analytical procedures; 

(g) provisions for analysis of duplicate samples, including standards and blanks 
where such procedures are appropriate; 

(h) independent selective review and checking of calculations. curves or other 
data; 

(i) standardized logs and analysis record sheets for recording samole 
identification, procedure used, data, and Independent checks, whe:-e 
appropriate; 
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(j) introduction of quality control samples unknown to laboratory personnel; 

(k) di:-ect inspection of laboratory work and records; and 

(l) corrective action: 

1. When an analysis is consistently in the extreme upper or lo·.ver 
warning limit, predetermined by the procedure, an observation repor: 
will be submitted by the Quality Control Officer (see Appendix -\). 

2. When an analysis is beyond the predetermined limits for data 
acceptability, a corrective action report will be submitted :,y the 
Quality Control Officer (see Appendix A). 

5.2 Analytical 

The following analytical Standard Operating Procedures shall be used to 
accomplish the objectives of this Quality Assurance Plan. 

5.2.1 Radiochemistry 

(a) .,;11 Radiochemistry personnel shall fJllow approved methods 'Jy t~.e 
Environmental Protection ~gency, Environmental .\1easure:ne:~:s 
Laboratory or other methods approved ~y management to :-neet cllent 
specifications or regulatory requirements. 

(b) .-\11 analytical data shall :,e recorded on approved forms a:ter eac'l 
analysis and signed by the laboratory suoervisor. 

(c) On a weekly, monthlv or quanerlv basis. ·O'Jalitv cvntr;)l sa:-nc:Jies .Jf 
unknown concentration in panmeters com'"':lonlv ':ested d:.1nng •"'\e 
week, shall be introduced to t~e laboratory :x routine ana.y~ts ov ::e 
Quality Control Officer. 

(d) ,-\U data shall be reviewed independent!':. When necessarv. correc:: 'v'e 
action shall be recommended to the laooratory management, w;th a 
copy sent to the Director of Quality Control. 

5.2.2 Inorganic Chemistry 

(a) AU [norganic Chemistry personnel shall follow aoproved methods 'ov 
the Environmental Protection :\gency, current "Standard \1ethods for 
the Examination of Water and Wastewater," or other methods 
aoproved by management to meet client specifications or regulatory 
requirements. 

(b) Analytical data shall be recorded on approved for:ns after eac~ rest 
and signed by the laboratory supervisor. 

(c) On a guarterlv basis, quality control samples of unknown 
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concentration in parameters commonly tested during the week, will 
be introduced into the laboratory for routine analysis by the Quality 
Control Officer. 

(d) On a guarterlv basis, additional samples of various concentrations and 
constituents shall be presented for analysis, from a source 
independent of CEP. 

(e) All data shall be reviewed independently. When necessary, corrective 
action shall be recommended to laboratory management, with a copy 
sent to the Director of Quail ty Control. 

5.2.3 Organic Chemistry 

(a) All Organic Chemistry personnel shall follow methods approved by 
the Environ men tal Protection Agency, or other methods approved by 
management to meet client specifications or regulatory 
requirements. 

(b) Analytical data shall be recorded on approved forms and signed by 
the laboratory supervisor. 

(c) On a guarterlv basis, quality control samples of unkno,;,·ll 
concentratiOn tn Darameters commonly tested during the week, shall 
be introduced :nto the laboratory for routine analysis by the Quality 
Control Officer. 

(d) On a ouarterly basis. additional sa~ples of various conce!"lt:atwns and 
constituents shall be presented for analysis, from a source 
independent of CEP. 

(e) t\11 data shall be reviewed independent!v. \~he:1 necessary, corrective 
action shall be recommended to laboratorv management, wit:-, a copy 
sent to the Director of Quality Control. 

5.2.4 Microbiology 

(a) All microbiology personnel shall follow methods aDproved bv t'te 
Evironmental Protection A..gency or other methods a;:>proved ~Y 
manage'nent. 

(b) Analytical data shall be recorded on approved for:-ns and signed bv 
the laboratory supervisor. 

(c) On a guarterlv basis, quality control samples of unknown 
concentration will be introduced into the laboratory for routine 
analysis by the Quality Control Officer, where applicable. 

(d) On a guarterlv basis, additional samples shall be presented for 
analysis, from a source independent of CEP. 
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(e) All data shall be reviewed independently. When necessary, corrective 
action shall be recommended to laboratory management, with a copy 
sent to the Director of Quality ControL. 

5.2.5 Nuclear Measurements 

(a) All Nuclear 'v1easurement personnel shall follow the Standard 
Operating Procedure \ianual for each tnstrument. 

(b) All instrument data shall be recorded on approved forms provided by 
the Quality Control Officer. 

(c) Backgrounds on proportional counters and alpha spectrometers will be 
conducted with every twenty-five samples. Backgrounds for gamma 
spectrometry are determined automatically for all samples analyzed 
(computerized program). Standards traceable to National Bureau of 
Standards, when available, will be run on a weeklv basis, or as 
appropriate for that instrument. 

(d) All instrument data shall be reviewed promptly. When necessary, 
''stop work orders" shall be recommended to manage~ent, wtth a 
copy sent to the Director of Quality Control. 

5.3 New Procedures 

When a procedure is not available, require~ents will be evaluated and a suitable 
analytical method established. .-\fter satisfactory verification that the 
procedure provides necessary sensitivity, accuracv and se lecti v tty, a for~al 
procedure will be approved by the Director of Quality Control. 

5.4 Quality Assurance Audits 

Quality .-\ssurance Audits shall be perfor:-ned ustng t'le following 5t3.ndard 
0per3.ting Procedures, with the number shown for record :Jurooses. 

CEP-QA-81 Quality Assurance .-\udit, Radiochemistry; 

CEP-QA-82 Quality '\ssurance .-\udit, lnorgantc Che'llistry; 

CEP-QA-83 Quality Assurance Audit, Organtc Chemistry; 

CEP-Q.'\-84 Quality :\ssurance Audit, 'vHcrobiology; and 

CEP-QA-85 Quality Assurance Audit, :-.luclear \\easurements. 

Reports of these Quality '\ssurance Audit's shall describe: 

(a) Particular activities audited; 

(b) Basis and procedures for examination and evaluation of records: 

(c) Procedures for verifying validity and consistency of data; 
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(d) Procedures for evaluating adequacy of Quail ty Control and Quality 
Assurance act1vities; and 

(e) Deficiencies and the implementation of ccrrective actions with the review 
requirements. 

5.5 Chain of Custody 

Where samples may be needed for legal purposes a "Chain of Custody" form using 
the following Standard Operating Procedure will be incorporated: 

(a) Identification of responsible party to act as sample custodian. 

(b) Laboratory sample custody procedure for sample handling, storage and 
dlspersement for analysis. 

6.0 Reports and Record Requirements 

6.1 Radiochemistry 

(a) All analvtical records and quarterlv reoorts shall be retained :s oer11anent 
record in accordance with CEP administrat,ve requirements. 

(b) Records and reports shall ~e formated as directed by CEP clients. 

6.2 Inorganic Chemistry 

(a) All records and reports of analytical data, includin15 quantities and 
chemical constituency, shall be re::alned as per!lanent ~ecx:! .'1 

accordance with CEP's administrative requlre·nents. 

6.3 Organic Chemistry 

(a) All records and reports shall ':le retai:~ed as ?er11anent :-~c:xj .n 
accordance with CEP's ad:-ninistrative require:ne:lts. 

(b) Records of all certified reference standar:Js and th-=i~ :orrelativ'l 1vl'::~ 
analytical data, shall be retained for the nme period estajl.s.led ';v the 
client. 

6.4 Microbiology 

(a) All records and reports shall be retained as per:nanent record tn 
accordance with CEP's administrative requirements. 

6.5 Nuclear Measurements 

(a) Quality Assurance records shall consist of all logs, reports. results. 
deficiency reports and the llke which are generated in the cou:-se of 
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carrying out requirements of the Quality Assurance Plan. 

(b) All such records shall ':le retained as permanent record in accordance with, 
CEP's administrative requ1rements. 

7.0 Attachments 

Refer to Appendix A and Appedix B, of this Quality Assurance document. 

8.0 Review: Approval and Distribution 

8.1 Quality Assurance Plan and Standard Operating Procedures 

The draft of the completed Quality Assurance Plan and Standard Ooen :in~ 
Procedure for Radiochemistry, Inorganic Chemistry, Organic Chemistry, 
Microbiology and Nuclear '-'easurements shall be distributed for review, 
comment and approval as follows: 

President 

.-\11 Laboratory \~anager ial Posit ions 

Director of Quality Control 

l Copy 

1 Copy 

1 Copy 

(For review and comment) 

(For review and comment)) 

(For approval) 

(a) A marked-up copy of Quality '\ssurance Plan and Standard Ooer.1:~1g 
Procedures, or a comment letter incorpora :ing all comments f~.J~ 
reviewe'"s, s~all be returned to the issuer (Qua~ity Control ..)fficer) ·;.:it:,t1 
ten to fifteen days. 

(b) :-\fter resolution of all comments. and cornp!etion of si~1a~•Jr~s r~~·.Ji:-e~ on 
t"'.e signature sheet, the Direc:or of Q·JaLtv Control '.litll apxo':e :'"'.~ 
Q•Jality Assurance Plan and Sta:1dad :Jperat:;,g ?:-ocedur~s .i.1d dis:~t'::)'c..;te 

co;:Hes to the controlled distri':lut:on. 
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Reference Document 

Remarks 

QuaH ty Assurance Department 

Corrective Action Request • 

Pg. No./Para No. 

INTRA DEPARTMENTAL ASSIGNMENT 

CEP-QA-1 
l/02/7'+ 
R.EV-3 
l/J7/S3 

Description=---------------------------------------------------------------------

Recommended Corrective Action: --------------------------------------------

Respond by Initiator ----------------- Date ---------------------- -------------

Complete Corrective Action Review: -------------------------------------

Reviewed by Date--------

A-l 



Assigned To: 

Remarks: 

Description: 

Recommended Correction: 

Respond by 

Response 

Quality Assurance Department 

Observation Report 

Intra Departmental Assignment 

Date: 

CEP-QA-l 
l /02/74 
REV-3 
l/07 /83 

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

Initiator ------------------- Date --------

Technical Service Review ------------------------- Date -------

A-2 
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CONTROLS FOR ENVIRONMENTAL POLLUTION, lNC. (CEP) 

Quality Control/Quality Assurance Department 

Explanation Form 

This form supplements the regular Quality Assurance Audit and is to be completed when 
quality control samples, unknown, are not introduced per CEP Quality Control 
Progam/Qua!ity :\ssurance Plan requirements. 

Parameter Reason 

A-.3 

Date 
Quality Assurance 

Approval 
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:\ccuracy - :\ bias measurement between a component measured and the 
known certified value • 

. .l.udit - \ systems check to determine the quality of activity perfor:ned. 
They are com posed of two basic types; (a) performance audits in 
which the accuracy is measured; and (b) systems audit •n .1.1hich a 
direct inspection of laboratory work and records are revtewed. 

Background- Radiation present when there is no source under the detector, 
usually expressed as counts per minute. 

Calibration Curve - .\ standard reagent curve composed of a minimum of a reagent 
blank and three standards. 

Duplicate- t\nalysis of the same sample or samples by the same laboratory 
personnel within an analytical procedure. 

Electronic Calibration - An adjustment of the electronics or mechanism of an instru:Tlent. 

Internal Laboratory 
Spike - Known concentrations that are analyzed with a set of sa:n:Jles. 

Precision- The reproducibility of a method 'Jnder controlled conditions. 

Quality Assurance- -\ system of activities whose pur:Jose is to provtde assurance that 
the overall Quality Control operation ts m fact Jemg done 
adequately. 

Quality Control- The overall system of ac':tvttles whose :Jur:Jose is to prov:ce a 
quality service that 11eets t:-\e needs of ':le user. 

Quality Control Sa:;,ples 
(L:nknown)-

Reagent Blank -

Spike Sample -

Stop Work Order -

Samples in which concentnt:ons a:-~ .. mk:<own :J iaJo,..3. :xv 
personnel. 

A blank which undergoes the sa-:~e procedural trea:mer.': as ::--,e 
sample. 

A samole, usually d~stiiled or ceLon1zed wa:er. :1 ,~,·hie'! an 
additton of a known concentration(s) ts added, Jnknow,-, t-J 

laboratory personnel performmg the analyses . 

.\ discontinuation of an analysis or instr·J:nent u:1td t'"".e ::>roblei1 :s 
corrected. 

B-1 
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CE.?-Q.A..-1 Quality Assu:-a.ice Program 
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1.0 INTRODUCTION 

CAI RUN PLAN 
for 

RUN 21 
RCRA TRIAL BURN 

The purpose of this test plan is to prescribe a procedure for a RCRA 
trial burn to be completed in the Los Alamos Controlled Air 
Incinerator (CAI). The purpose of this run is to demonstrate 
effective thermal destruction of the principal organic hazardous 
constituents (POHCs) carbon tetrachloride (CC1 4 ) and trichloroethylene 
(TCE) by achieving destruction and removal efficiencies (DREs) of 
99.9999% or greater as required by the USEPA and NMEID. 

2.0 OBJECTIVES 

The objectives of this trial burn run are to demonstrate effective 
thermal destruction of cc1 4 and TCE by the Los Alamos CAI, and to 
provide emissions testing, sampling, analysis, and evaluation directed 
toward obtaining a RCRA operating permit allowing on-site incineration 
of Laboratory-generated RCRA wastes. 

3.0 INCINERATOR FEED and TEST CONDITIONS 

3.1 Feed Material 

The incinerator will be operated with solid feed and liquid feed. 
Solid feed will consist of a mixture of carbon tetrachloride 
(CC1 4), trichloroethylene (TCE), and water absorbed on Pel-e-cel 
(shredded and pelletized corncobs). This mixture is contained in 
5-gallon polyethylene containers in cardboard boxes. Liquid 
feed, consisting of a mixture of cc1 4 , TCE, #2 fuel oil and 
Alumagel (aluminum stearate for particulate generation) will be 
fed to the incinerator via the liquid injection burner. 
Measurements of liquid feed viscosity will be taken and recorded 
for each batch prior to incineration. Compositions of both the 
solid and liquid feed materials are presented in Table I. 
Procedures for preparation of both liquid and solid feed 
materials are given in Section 9. 



Table I 
LOS ALAMOS CAI 

RCRA TRIAL BURN 
FEED COMPOSITIONS 

RCRA SOLID FEED 
(per package, 4,676 Btujlb) 

Material 

Pel-e-cel (corn cobs) 
Water 
Plastic jug 
Cardboard box 
carbon tetrachloride 
Trichloroethylene (TCE) 

Weight % 

41.29 
4.13 
5.54 
4.05 

30.00 
15.00 

Total 

Grams/box 

6936 
694 
930 
680 

5040 
2520 

16800 

RCRA LIQUID FEED 
(1400 lb batch, 7,542 Btujlb) 

Material weight % Lbs Gal Liters 

Alumagel 0.5 7 -----
Fuel oil 34.5 483 67.84 256.76 
CC1 4 45 630 47.40 179.41 
TCE 20 280 22.93 86.79 

1400 139.15 526.68 

PHYSICAL PROPERTIES 

Heat content 
Material SpG Density (lb/gal) (Btu/lb) 

Fuel oil 0.854 7.12 18,968 
CC1 4 1.594 13.29 986 
TCE 1.4642 12.21 2,301 
Pel-e-cel 0.578 4.82 7,052 
Cardboard ----- ----- 7,052 
PE jug ----- 18,687 
Water 1. 00 8.34 ------

Lbs/box 

15.28 
1. 53 
2.05 
1. 50 

11.10 
5.55 

37.00 

2 
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3.2 Test Conditions 

Four trial burn test periods will be conducted on each of four days (see 
Tables II and III). Liquid incineration will be tested in periods 1 and 2 
while solid matrix incineration will be tested in periods 3 and 4. Periods 
1 and 3 will be conducted at a secondary chamber temperature of 2200°F, 
while tests 2 and 4 will be conducted at a secondary chamber temperature of 
2000°F. Oxygen concentrations will be maintained at 4-9% above 
stoichiometric. The stack sampling schedule for each test period is shown 
in Table IV. All sampling of the process will be directed by Clean Air 
Engineering (CAE) . 

TABLE II 
INCINERATOR TARGET OPERATING CONDITIONS 

Temperatures: 
Upper Chamber 
Lower Chamber 

Condenser Outlet 
Superheater Outlet 

Pressure and Pressure Drops: 
Lower Chamber Pressure 
Venturi Pressure Drop 

2000-2200°F 
Dependent on waste feed 

rate and excess o2 
130°F 
160°F 

Feed Nozzle Atomizing Medium 

-2 in. WG 
50 in. WG 

60 PSIG 

Flows: 
Venturi Solution 
Absorber Solution 
Tempering Steam (when above 700°F) 

Other: 
Secondary Chamber 0 2 * 
Primary Chamber 0 2 * 
Scrub Sump pH 

8 GPM 
10 GPM 

>15 lbsjhr 

4-9% 
4-9% 

5 

*Upper and Lower Chamber Excess Oxygen will be 
maintained as close as possible to the same percentages. 



Test Feed 
Period # Type 

1 Liquid 

2 Liquid 

3 Solid 

4 Solid 

Notes: 

Table III 
LOS ALAMOS CAI 

RCRA TRIAL BURN 
INCINERATION TEST CONDITIONS 

INCINERATOR CHAMBERS 
Feed Rate Primary Secondary 

( lb/h) - Temp,F 02.1% Temp,F 02._d 

150 >1550 4-9 2200 4-9 

150 >1550 4-9 2000 4-9 

200 >1550 4-9 2200 4-9 

200 >1550 4-9 2000 4-9 

4 

1) The actual primary chamber temperatures will be those obtained from 
burning the particular feed stream at the specified feed rate with the 
pr1mary chamber natural gas burners on low fire. From experience, this 
temperature will remain above 1550 °F. 

2) The oxygen levels for both the primary and secondary chambers are given 
as a range because the actual level is that resulting from the temperature 
obtained and the specified feed conditions. 

Sampling 
Method 

EPA M5 

VOST 

Table IV 
STACK GAS SAMPLING SCHEDULE 
(for each test period above) 

Number of 
Sample Periods 

3 

6 

Sample Period 
Duration, min 

64 

20 

Changeout Time 
(approx), min 

60-90 

5-15 

Note: Both EPA Method 5 and VOST stack sampling will be initiated 
concurrently at the beginning of each test period in Table III. 



5 

3.3 Operating Procedures 

This run is being performed under the provisions of, and in 
accordance with, the following Los Alamos National Laboratory 
Standard Operating Procedures (SOPs) : 

"Solid Waste Receiving and Storage," 
"Liquid Waste Receiving and Storage," 
"Hazardous Liquid Waste Receiving, Storage and Disposal" (Draft) 
"TDF Aqueous Liquid Transfer," 
"Caustic Solution Preparation and Use," 
"Respiratory Protection at the TDF." 

4.0 SCHEDULE 

Startup of the incinerator will begin at 0700 on Tuesday, September 2, 
1986. Liquid matrix incineration testing will begin on Thursday morning, 
September 4. Waste feeding and sampling will take place only during the 
dayshift (0700-1900) with the incinerator to be placed in an idle mode 
firing on natural gas at night (1900-0700). Following completion of the 
test periods, approximately 24 hours cooldown time is required. Total 
length of the campaign is estimated to be 6 days (144 hours) from startup 
to shutdown. The proposed operating schedule is presented in Table V . 
The actual operating schedule may deviate markedly from this schedule. 

DATE/TIME 
9/02 0700 

9/03 0700 

9/03 1400 

9/04 0700 

9/04 0800 

9/04 0900 

TABLE V 
TRIAL BURN OPERATING SCHEDULE 

ACTIVITY 
Begin CAI startup. Heatup @ l00°Fjhr using 
lower and upper gas burners to reach 1600 F 
in lower chamber and 1900°F in upper chamber. 

After reaching 1600°F in primary chamber, light 
liquid burner initially on natural gas at low 
fire. Shut off lower gas burner. Attain conditions for 
Test Period 1: 6Primary: 1900°F, 4-9% 02, 
Secondary: 2200 F, 4-9% o2). 

Prepare liquid batch no. 1 in the feed tank according to 
procedure in Section 9. 

Checkout system. Test emergency waste cutoff. 
Ensure proper operation of liquid feed system. 

Begin liquid feed (batch no. 1) @ 150 lb/h. Attain 
conditions for Test Period 1: secondary chamber temperature 
2200°F, primary and secondary chamber oxygen levels 4-9%. 

Begin Test Period 1. Collect samples as 



9/04 1700 

9/04 1800 

9/04 2000 

9/05 0700 

9/05 0800 

9/05 1600 

9/05 1700 

9/06 0800 

9/06 0900 

9/06 1700 

9/07 0800 

9/07 0900 

9/07 1700 
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directed by Clean Air Engineering. 

End Test Period 1. 

Complete incineration of liquid batch no. 1 by feeding until 
feed tank is empty. Return liquid burner to natural gas 
firing. Remove liquid atomizer. Adjust upper chamber 
temperature to 2000°F. Place CAI in idle mode for night 
shift. 

Prepare liquid feed batch no. 2 in feed tank according to 
procedure in Section 9. 

Begin liquid feed (batch no. 2) @ 150 lbjh. Attain 
conditions for Test Period 2: secondary chamber temperature 
2000°F, primary and secondary chamber oxygen levels 4-9%. 

Begin Test Period 2. Collect samples as 
directed by Clean Air Engineering. 

End Test Period 2. 

Complete incineration of liquid batch no. 2 by feeding until 
feed tank is empty. Shut down liquid burner. Flush feed 
tank with fuel oil spray using three separate rinses of 1-2 
gallons each. Feed each "heel" in tank to incinerator prior 
to next rinse. Transfer 5 gallons fuel oil to feed tank and 
feed to incinerator until tank is empty. Shut down fuel oil 
and liquid feed systems. Remove liquid atomizer. Relight 
primary chamber natural gas burner. Adjust upper chamber 
temperature to 2000°F. Place CAI in idle mode for night 
shift. Ensure proper operation of solid feed system 
during night shift by cycling elevator, rams, guillotine 
door. Charge storage glovebox with first set of boxes. 

Begin solid feed at 200 lb/h (5 boxes/h). Attain conditions 
for Test Period 3: secondary chamber temperature 2200°F, 
primary and secondary chamber oxygen levels 4-9%. 

Begin Test Period 3. Collect samples as 
directed by Clean Air Engineering. 

End Test Period 3. Stop solid feed to incinerator. 

Begin solid feed at 200 lb/h (5 boxes/h). Attain conditions 
for Test Period 4: secondary chamber temperature 2000°F, 
primary and secondary chamber oxygen levels of 4-9%. 

Begin Test Period 4. Collect samples as 
directed by contract samplers. 

End Test Period 4. Continue to incinerate solid feed matrix 
boxes until all 92 prepared boxes have been incinerated. 



9/07 2100 

9/08 1900 

Begin coo1down @ 150°Fjhr. 

CAI process shutdown. 
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5.0 DATA AND SAMPLING 

5.1 Data 

The data acquisition system (DAS) will not be required durins 
this test burn. Control room process recording and manual date: 
acquisition will be conducted to verify system performance. 
Manual data will be taken and entered on the appropriate date: 
sheets every 4 hours during heatup and cooldown, and every ~ 
hours during solid and liquid feed operations. 

5.2 Sampling (See Table VI and Figure 1) 

All process stream samples will be taken and handled ir 
accordance with the 1ocuments "Requirements and Specifications 
for Offgas Sampling," "Quality Assura~ce Project Plan for a 
Controlled-Air Incinerator Trial Burn," and The Los Alamos 
National Laboratory RCRA Part B Permit Application, Appendix J, 
"RCRA Trial Burn Plan, 113 as amended. HSE-1 health physics 
personnel will monitor all samples (as possible) for presence of 
radioactive contamination prior to release. 

Offgas Samples 

Both EPA Method 5 sampling for particulates 
sampling for cc1 4 and TCE will be performed 
sampling contractor, Clean Air Engineering 
approved and recommended methods. 

Liquid Samples 

and HCl, and VOS'I 
by an independent 
(CAE), using EPA-

Process liquid samples will be collected during periods of sample 
feed by TDF personnel under CAE direction and supervision and 
will then be presented to CAE for analysis by the analytical 
contractor. Samples of cc1 4 and TCE feedstocks, 1 iquid feed 
mixture, makeup water, caustic solution, and process scrub 
solution will be withdrawn during each test period or batch as 
prepared (see Table VI) as requested by CAE. 

Solid Samples 

Process solid sample collection will be performed by TDF 
personnel under the direction and supervision of the sampling 
contractor. Samples of cellulosic feed stock (Pel-E-Cel), solid 
feed mixture, fresh and used activated carbon, and fresh and 
spent HEPA filter media will be taken as requested by the 
sampling contractor. Following completion of test periods, TDF 
personnel will cycle the gravity ash dropout system (GADOS) to 
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allow the ash to cool in the containment below the primary 
chamber. After sufficient time has elapsed for the ash to cool, 
the ash will be pneumatically transferred for collection and 
sampling. This process will be repeated following test periods 3 
and 4. 

TABLE VI 
RCRA TRIAL BURN 

SAMPLES FOR OFF-SITE ANALYSIS 

Process ANALYSES 
=S~a~m~p~l~e~----------------~L~o~c~a~t=:i=o~n~--~C~C==li TCE cl= Partie. pH 

Fuel oil feed stock 1 x 
--each fuel oil tank reload (grab) 

cc1 4 feed stock 2 
--every drum of cc1 4 (grab) 

TCE feed stock 2 
--every drum of TCE (grab) 

Cellulosic (Pel-E-Cel) 4 
feed stock 
--one bag of Pel-E-Cel (grab) 

Liquid mixture feed 3 
--end of test period (grab) 

cardboard from box 4 
--one cardboard box (grab) 

Polyethylene jug 4 
--one polyethylene 5 gal jug 

Caustic solution 8 

X 

X 

X 

X 

X 

X X 

X 

X X 

X X 

X X 

X X 

--every batch prepared in caustic tank (grab) 

Makeup water 6 X X 

--end of every test period (grab) 

Incinerator ash 5 X X 

--end of test period 3' 
end of test period 4 (grab) 

Scrubber discharge 7 x x 
liquid 

--at beginning, middle, and end of each 
test period, then composited (grabs) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

No. of 
samples 

1-2 

2-4 

2-4 

1 E 

6 

1 E 

1 E 

4-6 

12 E 

2 E 

12 E 



Process ANALYSES 
=S~a~m~p~l~e~----------------~L~o~c~a~t~i=o~n~--~C~C~l! TCE Cl= Partie. pH 

Activated carbon (fresh) 13 
--before trial burn (grab) 

X 

Activated carbon (used) 13 x 
--end of each test period (grab) 

X 

X 

Stack gas (VOST) 10 X X 
--3h during each sample period (continuous) 

Stack gas blank (VOST) 
--3h (continuous) 

10 

Stack gas EPA MS 11 

X X 

--3h during each sample period (continuous) 

stack gas blank EPA MS 
--3h (continuous) 

11 

EPA QC VOST/MS sample 10/11 X 
--before trial burn (continuous) 

HEPA filter media (fresh) 9 
--before trial burn (grab) 

HEPA filter media (spent) 9 
--after trial burn (grab) 

X 

X 

X 

X 

X 

X X 

X X 

X X 

X X 

X X 

9 

No. of 
samples 

1 E 

12 E 

36 E 

6 E 

12 

2 

? 

1 E 

1 E 

Note: The ''E'' denotes those samples which will require extraction for one 
or more of the analyses. 



~ I q 
"I c-

~"'::' 
-;c:,::J I g, 

v ~ = ~ i .=! 

; ~ '>;!.i 

z 

I 

I 
I 
I 

\ 

5 

_, . 
3 

r 
-

V1 
~ 

c: 

0 
c.. 

c-. 
c: 

c: 
0 

<-:::: 
u 
0 
-J 



6.0 ANALYTICAL REQUIREMENTS 

Analysis of all samples will be carried out as per 
contract with the sampling and analytical contractors 
and in accordance with the documents "Requirements and 
Specifications for Offgas Sampling" 1 , "Quality 
Assurance Project Plan for a Controlled-Air Incinerator 
Test Burn 112 , and The Los Alamos National Laboratory 
RCRA Part ~ Permit Application, Appendix J, "RCRA Trial 
Burn Plan" , as amended. 

6.1 Quality Assurance/Control 

10 

Project responsibility for quality assurance and 
quality control and applicable procedures to be 
followed are outlined in the document "Quality 
Assurance Plan for a Controlled-Air Incinerator 
Trial Burn." 2 Responsible parties in the project 
organizational structure are: 

Regulatory Observers 
Laboratory Management 

Trial Burn Project Manager 
Quality Assurance Officer 
Laboratory Analysis Coordinator 
Sampling Coordinator 
Facility Operations Manager 
Facility Operators 

6.2 Continuous Offgas Monitors 

NMEID, USEPA 
Ray Garde, 
Leon Borduin 
Ralph Koenig 
John Vavruska 
Larry Fields 
Clean Air Eng. 
David Hutchins 
TDF Staff 

The o2;combustibles monitors will be operational 
during this incinerator run. The co;co2 and the 
NO/NOx continuous offgas monitors will also be 
required during this run. Sampling contractor 
will provide a NDIR co;co2 monitor to support and 
provide backup data to the FID co;co2 monitor on 
site. 

6.3 Calibration Requirements 

For offgas monitors: zero and span settings 
calibrated before each test period and as 
requested by sampling personnel, NMEID and USEPA, 
as per trial burn plan. 

Sampling and analysis test equipment: as per EPA-
600/4-77-027b and reference #1. 



7.0 CAI PROCESS LOG 

·A formal log book for the CAI process operations and 
equipment modifications or run plan changes and inter
shift communications will be maintained. 

8.0 STAFFING ASSIGNMENTS 

TABLE VII 
OPERATIONS SHIFT ASSIGNMENT SCHEDULE 

Day Shift 0700 to 1900 hours 

R.A. Koenig, Shift Supervisor 
D.A. Hutchins 
J.S. Vavruska 
C.L. Gilley 
J.R. Rutten 

Night Shift 1900 to 0700 hours 

C.L. Warner, Shift Supervisor 
W.E. Draper 
D.L. Melton 

11 



9.0 FEED PREPARATION PROCEDURES 

9.1 RCRA TRIAL BURN LIQUID MATRIX 
FEED PREPARATION PROCEDURE 

Following is a step-by-step procedure for preparation of a 
batch of liquid matrix feed for the RCRA trial burn in the 
Los Alamos Controlled Air Incinerator. One 1400 lb batch of 
feed will be required for each of the two liquid feed test 
periods of the trial burn. It is emphasized that operations 
involving open drums of carbon tetrachloride (CC1 4~ 
trichloroethylene (TCE) require the use of a full-faced 
respirator equipped with an activated carbon canister. The 
operation of charging Alumagel powder to the feed tank 
through the opened lid requires the use of a self contained 
breathing apparatus (SCBA) . 

1. Transfer a drum of carbon tetrachloride (CCL4 ) into the 
liquid feed room with the forklift, placing it on the scale 
and in the right hemispherical opening in the drum 
ventilation hood. 

2. Verify that both ventilation blowers are on. Make sure 
the drum pump and convoluted teflon hose is attached to the 
bag filter and transfer header and that all valving is set 
to route liquid to feed tank #1. Record the gross weight of 
the cc1 4 drum in lbs. 

12 

3. FROM THIS POINT ON, A FULL FACE RESPIRATOR WITH ACTIVATED 
CARBON CANISTER MUST BE WORN. Remove the bung from the drum 
and insert the drum pump shaft into the bunghole until the 
end of the shaft rests on the bottom of the drum. Wrap a 
rag around the open area between the shaft and the bung to 
minimize release of vapors. 

4. Begin transfer of cc1 4 to the feed tank #1 by pressing 
the air trigger on the drum pump. Note the loss in weight 
of the drum. The precise gross weight can be checked 
periodically by removing the shaft of the drum pump from the 
bunghole. 

5. Stop transfer when 630 lbs of cc1 4 has been transferred 
to the feed tank. Record the reading in % on the tank 
liquid level meter. The reading should be approximately 
27.5% which corresponds to 47.4 gallons. 

6. Remove the cc1 4 drum from the scale and replace with a 
trichloroethylene (TCE) drum. Record the gross weight of 
the drum in lbs. 

7. Begin transfer of TCE to the feed tank #1 by repeating 
steps 3 and 4 above using TCE rather than CC1 4 . 



8. Stop transfer when 280 lbs of TCE has been transferred to 
the feed tank. Record the reading in % on the tank liquid 
level meter. The reading should be approximately 43% which 
corresponds to a total of 70.3 gallons of liquid in the tank 
at this point. 

9. Verify that valves are set up to route fuel oil to feed 
tank #1. Transfer £uel oil to tank #1 until a liquid level 
reading of 92% is attained. This corresponds to a total 
liquid volume of 
139.15 gallons. The amount of fuel oil transferred should 
be 67.84 gal (483 lbs). 

10. Turn on agitator in tank #1 and leave on for 10 minutes. 
Shut off agitator. 

11. Wearing an SCBA, open the lid on feed tank #1 and charge 
7 lbs of pre-weighed Alumagel to the tank. Close lid and 
secure with 3 c-clamps. All constituents are now in the 
feed tank. 

12. Turn on the agitator and continue to blend the mixture 
for one hour. The feed batch is now ready to be fed to the 
incinerator. 

9.2 RCRA TRIAL BURN SOLID MATRIX 
FEED PREPARATION PROCEDURE 

Following is a step-by-step procedure for preparation of 
solid matrix feed material for the RCRA trial burn in the 
Los Alamos Controlled Air Incinerator. It is emphasized 
that steps 5 and 6 must be performed using a full face 
respirator equipped with an activated carbon canister. 

1. Open the top lid on a box containing a 5 gal polyethylene 
jug. Unscrew the wide mouth cap and place on top of jug. 
Label the side of the box with an ID number. 

2. Place the boxjjugjcap on the digital balance and record 
the weight in lbs. Record the weight and punch the TR 
(tare) button on the balance. 

3. Add the specified weight (15.28 lbs) of Pel-E-Cel 
(pelletized ground corn cobs) to the jug using a scoop and 
large polyethylene funnel supported on the ring stand. 
Record the actual weight of Pel-E-cel added to the jug. 
Punch the TR button on the balance. Note: For this 
operation, a dust mask must be worn. 

13 



4. Add the specified amount of water (1.53 lbs) to the jug 
through a separate funnel. Record the actual weight of 
water added to the jug. 

14 

5. Transfer a drum of carbon tetrachloride (CC1 4 ) into the 
liquid feed room with the forklift, placing it on the scale 
and in the right hemispherical opening in the drum 
ventilation hood. Verify that both ventilation blowers are 
on. Make sure the drum pump, transfer line and valve, and 
intermediate carboy assembly are ready for liquid transfer 
from the drum. FROM THIS POINT ON, A FULL FACE RESPIRATOR 
WITH ACTIVATED CARBON CANISTER MUST BE WORN. Remove the 
bung from the drum and insert the drum pump shaft into the 
bunghole until the end of the shaft rests on the bottom of 
the drum. Wrap a rag around the open area between the shaft 
and the bung to minimize release of vapors. Begin transfer 
of cc1 4 by pressing the air trigger on the drum pump. 
Release the trigger before the intermediate 5 gallon 
polyethylene carboy is full. Place a boxjjug which has 
previously been loaded with Pel-E-Cel and water on the 
balance. Punch the TR button on the scale. Begin gravity 
transfer of cc1 4 from the intermediate carboy into the jug 
through the dra1n valve on the bottom of the carboy until 
the desired weight (11.10 lbs) has been reached. Record the 
actual weight of cc1 4 transferred and punch the TR button on 
the balance. 

6. For addition of trichloroethylene (TCE) into the solid 
feed matrix, follow the exact procedure as outlined in step 
5 above. The desired amount of TCE is 5.55 lbs. Record 
the actual weight of TCE added. Punch the TR button on the 
balance and record total weight of the solid matrix package. 
The desired total weight is 37.0 lbs. Replace cap tightly 
on polyethylene jug. 

REFERENCES 

1. "Requirements and Specifications for Offgas Sampling", 
Los Alamos Controlled Air Incinerator RCRA Part B Trial 
Burn (Revision 2, June 1986). 

2. "Quality Assurance Project Plan for a Controlled-Air 
Incinerator Test Burn", Los Alamos National 
Laboratory, March 1986. 

3. The Los Alamos National Laboratory RCRA Part B Permit 
Application, Appendix J, "RCRA Trial Burn Plan," 1985 
(as amended) . 
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TEST OBJECTIVES 

1-1 

SUMMARY 

The Los Alamos National Laboratory (LANL) contracted Clean Air 
Engineering, Inc to provide sampling activities directed toward 
obtaining an operating permit for the Los Alamos Controlled Air 
Incinerator (CAI). 

The sampling was in compliance with the requirements of the Resource 
Conservation and Recovery Act (RCRA) for a Part B Permit for 
treatment and disposal of hazardous wastes. The trial burn was 
conducted at four separate test conditions. Specially prepared 
liquid and solid waste was incinerated at two secondary chamber 
combustion temperatures. 

The testing and analyses were performed to: 

1) Determine the destruction and removal efficiency (DRE) of 
principal organic hazardous constituents (POHC), carbon 
tetrachloride (CCl~) and Trichloroethylene (TCE) using a 
a volatile sampling train (VOST); 

2) Determine the particulate and gaseous chloride concentration 
in the stack effluent using an EPA Method 5 sampling train; 

3) Monitor the carbon monoxide emissions during each trial burn 
run using an EPA Method 10 sampling train. 

The testing took place at the Los Alamos CAI in Los Alamos, New 
Mexico on September 4 through 7, 1986. Coordinating the field 
testing were: 

Ralph Koenig-Los Alamos National Laboratory 
John vavruska-Los Alamos National Laboratory 
Phillip Schwindt, P.E.-U.S. Environmental Protection Agency, Region VI 
G. Kelly Crossman-State of New Mexico Environmental Improvement Division 
John Chapman-Clean Air Engineering, Inc. 
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SUMMARY OF TEST RESULTS 

Destruction and Removal Efficiency of Carbon Tetrachloride 

1-2 

1) The DRE of CCl, during condition 1 averaged 99.9988 percent 
based on the inlet mass flow rate calculated from waste feed 
material and the outlet measured mass flow rate. This average 
was calculated from runs 2, 3 and 6. 

2) The DRE of CCl, during condition 2 averaged 99.9994 percent 
based on the inlet mass flow rate calculated from waste feed 
material and the outlet measured mass flow rate. This average 
was calculated from runs 1, 4, 5 and 6. 

3) The DRE of CCl, during condition 3 averaged 99.9992 percent 
based on the inlet mass flow rate calculated from waste feed 
material and the outlet measured mass flow rate. This average 
was calculated from runs 1 through 6. 

4) The DRE of eel, during condition 4 averaged 99.9987 percent 
based on the inlet mass flow rate calculated from waste feed 
material and the outlet measured mass flow rate. This average 
was calculated from runs 1 through 6. 

Destruction and Removal Efficiency of Trichloroethylene 

1) The DRE of TCE during condition 1 averaged 99.9999 percent 
based on the inlet mass flow rate calculated from waste feed 
material and the outlet measured mass flow rate. This average 
was calculated from runs 2, 3 and 6. 

2) The DRE of TCE during condition 2 averaged 99.9999 percent 
based on the inlet mass flow rate calculated from waste feed 
material and the outlet measured mass flow rate. This average 
was calculated from runs 1, 3, 4, 5 and 6. 

3) The DRE of TCE during condition 3 averaged 99.9998 percent 
based on the inlet mass flow rate calculated from waste feed 
material and the outlet measured mass flow rate. This average 
was calculated from runs 1 through 6. 

4) The DRE of TCE during condition 4 averaged 99.9999 percent 
based on--the inlet mass flow rate calculated from waste feed 
material and the outlet measured mass flow rate. This average 
was calculated from runs 1 through 6. 
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Particulate Emissions at the Stack 
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1) The particulate concentration (corrected to 7% 0 2 ) during 
condition 1 averaged 0.0093 gr/dscf over three runs on September 
4, 1986. 

2) The particulate concentration (corrected to 7% 0 2 ) during 
condition 2 averaged 0.0135 gr/dscf over three runs on September 
5, 1986. 

3) The particulate concentration (corrected to 7% 0 2 ) during 
condition 3 averaged 0.0200 gr/dscf over three runs on September 
6, 1986. 

4) The particulate concentration (corrected to 7% 0 2 ) during 
condition 4 averaged 0.0156 gr/dscf over three runs on September 
7, 1986. 

carbon Monoxide Concentration at the Stack 

1) The carbon monoxide concentration during condition 1 averaged 8 
ppmv over three runs on September 4, 1986. 

2) The carbon monoxide concentration during condition 2 averaged 6 
ppmv over three runs on September 5, 1986. 

3) The carbon monoxide concentration during condition 3 averaged 5 
ppmv over runs 2 and 3 on September 6, 1986. 

4) The carbon monoxide concentration during condition 4 averaged 6 
ppmv over three runs on September 7, 1986. 

Chloride Removal Efficiency 

1) The chloride removal efficiency during condition 1 averaged 
>99 .9% over three runs on September 4, 1986. 

2) The chloride removal efficiency during condition 2 averaged 
>99.8% over three runs on September 5, 1986. 

3) The chloride removal efficiency during condition 3 averaged 
99.7% over three runs on September 6, 1986. 

4) The chloride removal efficiency during condition 4 averaged 
99.6% over three runs on September 7, 1986. 

m 
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To the best of our knowledge, the data presented in this report is 
accurate and complete. 

Respectfully submitted, 

CLEAN AIR ENGINEERING, INC. 

~-tv- '1--e_ -~-~ 
I '../ (}--
John Chapman 
Vice President 

·.~ \We\__\~ . 
Reviewed By William I. Walker, P.E. 

Dougla • Rhoades 
Chemical Engineer 
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DESCRIPTION OF INSTALLATION 

2-1 

The LANL Controllea Air_Incinerator is a dual chamber, refractory 
lined incinerator. An atomizing nozzle introduces liquid waste into 
the primary (lower) combustion chamber where underfire air supports 
combustion at near stoichiometric conditions. Solid waste is batch 
fed into the primary combustion chamber through an appropriate 
mechanism. 

Unburned volatile compounds and entrained particulate exit the 
primary chamber through a connecting duct to the secondary (upper) 
combustion chamber. Excess air is introduced at this locati.on to 
promote complete combustion. 

The secondary chamber is designed to provide added residence time 
and supplemental heat where necessary to burn off certain 
volatiles. Oxygen/combustibles analyzers at the outlet of each 
chamber establish oxygen control. The excess air was controlled by 
the adustment of underfire air flow in the primary chamber and the 
secondary air flow in the secondary chamber. 

The offgas cleaning system consists of a quench tower, a high-energy 
variable throat venturi scrubber, a packed column absorber tower, a 
condenser, a mist eliminator, a reheater, a carbon absorber, two 
series of two high-efficiency particulate air (HEPA) filters and an 
induced-draft blower. 
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aperating Conditions 

Incinerator target operating conditions were as follows: 

Temperatures--

2-2 

primary chamber
secondary chamber
condenser outlet
reheater outlet-

dependent on waste feed rate and excess C 
2000-2200 F 

Pressures--
primary chamber
venturi pressure drop-
feed nozzle atomizing medium-

Flows--
venturi solution
absorber solution
steam bleed-

Other--
primary chamber 0 2 -

secondary chamber 0 2 -

scrub sump pH-

130 F 
160 F 

-2 in. H2 0 
50 in. H2 0 
60 psig 

8 gpm 
10 gpm 
>15 lb/hr 

4-9% 
4-9% 
5 

The primary and secondary chamber excess oxygen percentages 
were maintained at approximately the same level. 
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SUMMARY OF PROCEDURES 

SAMPLING PROCEDURES 

Methods 

3-1 

The sampling fo~lowed procedures outlined in U.S. Environmental 
Protection Agency (EPA) Methods 1, 2, 3, 5 and 10. These methods are 
titled: 

Method 1--nsarnple and Velocity Traverses for Stationary sources;n 

Method 2--nnetermination of Stack Gas Velocity and Volumetric 
Flow Rate (Type s Pitot Tube);• 

Method 3--nGas Analysis for Carbon Dioxide, Oxygen, Excess Air 
and Dry Molecular Weight;• 

Method 5--nDetermination of Particulate Emissions from Stationary 
Sources;• 

Method 10--nDetermination ot Carbon Monoxide Emissions from 
Stationary Sources.n 

These methods appear in detail in Title 40 of the Code of Federal 
Regulations (CFR), Part 60, Appendix A. 

The metering equipment was designed and manufactured by the Research 
Appliance Co. and/or Nutech to meet u.s. EPA standards. All 
equipment was calibrated at the Clean Air Engineering, Inc. 
laboratory prior to shipment to the job site. 

The sampling for POHC followed procedures outlined in nprotocol for 
the Collection and Analysis of Volatile POHC using VOST,n EPA-600/8 
-84-007, dated March 1984. This is a draft method that has not yet 
been promulgated by the u.s. EPA. 

The EPA Method 5 sampling apparatus is shown in Fig 1 on page 6-1. 
The VOST is shown in Fig 2 on page 6-2. 

The EPA Method 10 sampling apparatus is shown in Fig 3 on page 6-3. 

Gaseous chloride emissions were sampled by modifying EPA Method 5 
sample train to collect gaseous chloride in the impinger solution. 
This was done by substituting 0.1 N NaOH in the first two impingers 
instead of H2 0. 
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Sampling Locations 
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The particulate emissions testing was performed at the stack of the 
controlled air incinerator. The stack had two ports, and four 
points were sampled per port. Three runs took place for each of the 
four test conditions. The sampling time per point was five minutes 
for a total sampling time of 80 minutes. The particulate emissions 
sampling locations are shown in Fig 4 on page 6-4. 

particulate The POHC testing was performed downstream of the 
emissions testing at a single point in the duct. 
place for each of the four test conditions. The 
was 20 minutes for each run. 

Six runs took 
total sampling time 

The carbon monoxide testing was also performed downstream of 
particulate emissions testing at a single point in the duct. 
runs were performed coinciding with the particulate emission 
for each of the four test conditions. 

Fuel Feed Conditions 

~e 
Three 

testing 

Average fuel feed conditions are presented in the Appendix under 
Fuel Composition & Feed Rate. 
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ANALYTICAL PROCEDURES 

Principal Organic Hazardous Constituents 
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The destruction and removal efficiency of POHC was determined using 
procedures outlined in "Protocol for the Collection and Analysis of 
Volatile POHC using VOST." The volatile collection system consisted 
of condensers to cool the gas and two adsorbent traps in series. 
The first trap contained a section of TENAX followed by a section of 
charcoal. 

Each set of two traps were exposed to twenty liters of effluent over 
a twenty minute period. The traps were changed and the sampling 
repeated until six sets of traps were taken at each test condition. 

Each trap was placed in its own transport tube and sealed by Clean 
Air Engineering, Inc. personnel for shipment to the analytical 
laboratory. The aqueous condensate was recovered at the end of each 
sampling condition. This sample was archived but not analyzed due to 
the insolubility of the POHC. 

LANL contracted CEP laboratories to perform the POHC laboratory 
analyses. CAE delivered the samples directly to CEP in Santa Fe, 
New Me xi co. The results ar.e presented in the Appendix under 
Laboratory Data. 

Destruction Removal Efficiency of POHC 

The destruction removal efficiency of POHC was determined using 
inlet mass flow rates calculated from waste feed material and the 
outlet measured mass flow rates. 

Particulate Emissions 

The particulate emission rate was determined using procedures 
outlined in EPA Method 5. The particulate samples collected on 
glass fiber filters were analyzed gravimetrically. The probe and 
nozzles were washed with acetone. The wash was transferred to tared 
beakers and evaporated to dryness. This weight was also included in 
the analysis. 

carbon Monoxide Emissions 

The carbon monoxide emission rate was determined using procedures 
outlined in EPA Method 10. A continuous gas sample was analyzed 
with a non-dispersion infrared analyzer. 
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QUALITY CONTROL PROCEDURES 

3-4 

Quality control procedures for all aspects of field sampling; 
sample preservation and holding time; reagent quality; analytical 
method; analyst training and safety; and instrument cleaning, 
calibration and safety were followed. These procedures are 
consistent with EPA guidelines documented in •Quality Assurance 
Manuals for Air Pollution Measurement Systems,• Vol 3, •stationary 
source Specific Methods• (EPA-600/4-77-027b). 

Audit samples were performed on VOST cartridges by CEP (Santa Fe). 
The results of these analyses are: 

VOST cartridge Analyses 

Sample Number Analytical Result 
Units (ng) 

First Set 
00.96770 (TCE) 1150 
00.96770 (CCl,) 8 

00.96771 (TCE) 499 
00.96771 (CCl,) 6 

00.96772 (TCE) NR 
00.96772 (CCl,) NR 

Second Set 
00.96586 (TCE) 240 
00.96586 (CCl,) 2900 

00.96787 (TCE) 4800 
00.96787 (CCl,) 330 

00.96588 (TCE) 2100 
00.96588 (CCl,) 1440 

NR = not reported 

QC Result 

20280 
20 

10140 
10 

40560 
40 

280 
4800 

4500 
220 

1100 
800 

% Recovery 

6 
40 

5 
60 

86 
60 

106 
150 

190 
180 

The average percent recovery for the first set of VOST cartridges 
containing QC spiked samples was 5.5% for TCE and 50% for eel,. 
The average percent recovery for the second set of VOST cartridges . 
containing QC spiked samples was 127% for TCE and 130% for eel,. 
Further discussion of the audit samples is presented in the Appendix 
under Laboratory Data. 
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RESULTS 

Principal Organic Hazardous Constituents 
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The test conditions and results of analysis for the destruction and 
removal efficiency of the principal organic hazardous constituents 
in the incinerator feed are presented in Tables 1 through 4 on pages 
4-2 through 4-9. 

Particulate Emissions 

The test conditions and results of analysis for particulate emissions 
are presented in Tables 5 through 8 on pages 4-10 through 4-13. 

Carbon Monoxide and Chloride Emissions 

The test conditions and results of analysis for carbon monoxide and 
chloride emissions are presented along with the particulate emissions 
results in Tables 5 through 8 on pages 4-10 through 4-13. 

Nomenclature, sample calculations, parameters, calibration data, 
weight sheets, field data and statistical analysis are provided in 
the Appendix. 
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Table lA 

Summary of Results 
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Principal Organic Hazardous Constituents 
Destruction and Removal Efficiency 

(Volatile Organic Sampling Train) 
September 4, 1986 

Run No. 
Start time (approx.) 

Organic Material Feed Rate 
CCl ~ ( lb/hr) 
TCE (lb/hr) 

Gas Conditions 
Temperature (F) 
Moisture (volume %) 
0 2 (volume %) 
C0 2 (volume %) 
Density ( lb/ft 3 ) 

Excess Air (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lb/hr 

Organic Emissions 
CCl~ (ppbv) 
C Cl ~ ( lb x 1 0- 5 I h r ) 
TCE (ppbv) 
TCE (lb x l0- 5 /hr) 

Condition 1 

1 
1:10 pm 

70.36 
30.42 

209 
35.2 
9.2 
8.6 
0. 0 40 7 
73.6 0 

1476 
586 

3604 

1 >1.88 
1 >2.64 

1*** 
1*** 

Destruction and Removal Efficiency 
CCl ~ ( % ) 1 * * * 
TCE (%) 

1*** 

2 
2:00 pm 

70.36 
30.42 

209 
35.2 
9.2 
8.6 
0. 0 40 7 
73.6 0 

1476 
586 

3604 

65.14 
91.4 
1.81 
2.17 

99.9987 
99.9999 

3 
2:43 pm 

70.36 
30.42 

209 
35.2 
9.2 
8.6 

0. 0 40 7 
73.6 0 

1476 
586 

3604 

56.18 
78.9 
<0.13 
<0.154 

99.9989 
>99.9999 

1 Analytical detector quenched and results possibly underestimated. 
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Table lB 

Summary of Results 
Principal Organic Hazardous Constituents 

Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 4, 1986 
Condition 1 

Run No. 4 5 
Start time (approx.) 3:25 pm 6:54 pm 

Organic Material Feed Rate 
eel~ (lb/hr) 70.36 76.92 
TCE (lb/hr) 30.42 33.30 

Gas Conditions 
Temperature (F) 209 213 
Moisture (volume %) 35.2 36.5 
Oz (volume %) 9.2 9.2 
C0 2 (volume %) 8.6 8.6 
Density ( lb/ft 3 ) 0.0407 0.0400 
Excess Air (%) 73.60 73.60 

Gas Flow Rates 
Volume Basis 

acfm 1476 1521 
dscfm 586 585 

Mass Basis 
lb/hr 3604 3654 

Organic Emissions 
CCl ~ (ppbv) 1>59.23 1>52.37 
CCl, < lb x 10- 5 /hr) 1 > 83 .1 1 >73.4 
TCE (ppbv) 1*** l*** 
TCE < lb x 1 o- 5 1 hr > l*** l*** 

Destruction and Removal Efficiency 
eel, ( %) 1*** l*** 
TCE (%) l*** 1*** 

6 
7:38 pm 

76.92 
33.30 

213 
36.5 
9.2 
8.6 
0.0400 
73.6 0 

1521 
585 

3654 

52.22 
73.2 
1.5 8 
1.89 

99.9989 
99.9999 

1 Analytical detector quenched and results possibly underestimated. 
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Table 2A 

Summary of Results 
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Principal Organic Hazardous Constituents 
Destruction and Removal Efficency 
Volatile Organic Sampling Train 

September 5, 1986 

Run No. 
Start time (approx.) 

Organic Material Feed Rate 
CCl, ( lb/hr) 
TCE (lb/hr) 

Gas Conditions 
Temperature (F) 
Moisture (volume %) 
0 2 (volume %) 
C0 2 <volume %) 
Density ( lb/ft 3 ) 

Excess Air (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lb/hr 

Organic Emissions 
CCl ~ (ppbv) 

Condition 2 

1 
9:50 am 

78.63 
33.17 

216 
32.4 
10.4 
8.0 
0. 0 40 5 
93.33 

1351 
550 

3283 

2 
10:44 am 

78.63 
33.17 

216 
32.4 
10.4 
8.0 
0.0405 
93.33 

1351 
550 

3283 

3 
12:16 pm 

77.84 
32.78 

226 
3 2. 0 
10.4 
8.0 
0. 0 40 0 
93.33 

1356 
548 

3255 

CCl, (lb x 10- 5 /hr) 
TCE (ppbv) 
TCE (lb x 10- 5 /hr) 

0.6 2 
0.816 

<O .12 
<0.130 

2*** 
2*** 
2*** 
2*** 

<O .12 
<O .129 

Destruction and Removal Efficiency 
CCl ~ ( %) 99.9999 
TCE ( %) > 99.9999 

1 Sample broken by analytical laboratory. 

2*** 
2*** >99.9999 

2Analytical detector quenched and results possibly underestimated. 
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Table 2B 

Summary of Results 
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Principal Organic Hazardous Constituents 
Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 5, 1986 

Run No. 
Start time (approx.) 

Organic Material Feed Rate 
eel, < lb/hr > 
TCE (lb/hr) 

Gas Conditions 
Temperature (F) 
Moisture (volume %) 
0 2 (volume %) 
C0 2 (volume %) 
Density ( lb/ft 3 ) 

Excess Air (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lb/hr 

Organic Emissions 
CCl, Cppbv) 
CCl, (lb x l0- 5 /hr) 
TCE (ppbv) 
TCE (lb x l0- 5 /hr) 

Condition 2 

4 
1:02 pm 

77.84 
32.7 8 

226 
32.0 
10.4 
8.0 
0.0400 
93.33 

1356 
548 

3255 

11.98 
15.7 
1.93 
2.17 

Destruction and Removal Efficiency 
eel, C%> 99.9998 
TCE (%) 99.9999 

5 
2:48 pm 

78.37 
33.04 

229 
32.0 
10.4 
8.0 
0.0398 
93.33 

1345 
541 

3213 

44.98 
58.3 
1.32 
1.46 

99.9992 
99.9999 

6 
3:27 pm 

78.37 
~3.04 

229 
32.0 
10.4 
8.0 
0.0398 
93.33 

1345 
541 

3213 

62.91 
81.5 
1.43 
1.5 8 

99.9989 
99.9999 
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Table 3A 

Summary of Results 
Principal Organic Hazardous Constituents 

Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 6, 1986 
Condition 3 

Run No. 1 2 
Start time (approx.) 10:36 am 11:17 am 

Organic Material Feed Rate 
eel~ ( lb/hr) 49.30 49.30 
TCE (lb/hr) 24.19 24.19 

Gas Conditions 
Temperature (F) 225 225 
Moisture (volume %) 35.4 35.4 
Oz (volume %) 10.1 10.1 
C0 2 (volume %) 8.0 8.0 
Density (lb/ft 3 ) 0.0396 0. 03 96 
Excess Air (%) 87.66 87.66 

Gas Flow Rates 
Volume Basis 

acfm 1544 1544 
dscfm 596 596 

Mass Basis 
lb/hr 3668 3668 

Organic Emissions 
eel,. (ppbv) 22.05 22.45 
eel,. ( lb x 1 0-' I hr ) 31.5 32.1 
TCE (ppbv) 2. 7 5 2.77 
TCE (lb x l0- 5 /hr) 3.35 3.3 8 

Destruction and Removal Efficiencx 
eel, (%) 99.9994 99.9994 
TCE (%) 99.9999 99.9999 

3 
5:09 pm 

55.77 
27.22 

216 
39.5 
10.0 
7.6 
0. 0 3 91 
85 .o 8 

1655 
603 

3885 

57.43 
83.0 
14.73 
18.2 

99.9985 
99.9997 
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Table 3B 

Summary of Results 
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Principal Organic Hazardous Constituents 
Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 6, 1986 

Run No. 
Start time (approx.) 

Organic Material Feed Rate 
CCl ~ ( lb/hr) 
TCE (lb/hr) 

Gas Conditions 
Temperature (F) 
Moisture (volume %) 
0 2 (volume %) 
C0 2 (volume %) 
Density ( lb/ft 3 ) 

Excess Air (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lb/hr 

Organic Emissions 
CCl~ (ppbv) 
CCl~ (lb x l0- 5 /hr) 
TCE (ppbv) 
TCE (lb X 10- 5 /hr) 

Condition 3 

4 
5:56 pm 

55.77 
27.22 

216 
39.5 
10.0 
7.6 
0. 0 3 91 
85.08 

1655 
603 

3885 

45.81 
66.2 
6.56 
8.09 

Destruction and Removal Efficiency 

5 
7:24 pm 

54.05 
26.17 

210 
27.4 
10.2 
7.6 
0.0417 
88.6 9 

1567 
691 

3919 

2.40 
3.97 
0.07 
0. 0 92 4 

6 
7:57 pm 

54.05 
26.17 

210 
27.4 
10.2 
7.6 
0.0417 
88.6 9 

1567 
691 

3919 

29.02 
48.0 
0 .o 9 
0.128 

CCl, (%) 99.9988 
TCE (%) 99.9998 

99.9999 
99.9999 

99.9991 
99.9999 

----------
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Table 4A 

Summary of Results 
Principal Organic Hazardous Constituents 

Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 7, 1986 

Run No. 
Start time (approx.) 

Organic Material Feed Rate 
CCl ~ ( lb/hr) 

TCE Clb/hr) 

Gas Conditions 
Temperature (F) 
Moisture (volume %) 
0 2 (volume %) 
C0 2 (volume %) 

Density ( lb/ft 3 ) 

Excess Air (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lb/hr 

Organic Emissions 
CCl~ (ppbv) 
CCl ~ ( lb x· 10-5 /hr) 
TCE (ppbv) 
TCE (lb x 10- 5 /hr) 

Condition 4 

1 
1:49 pm. 

57.36 
28.28 

213 
25.4 
12.3 
5.9 
0 .o 418 
132.33 

1469 
665 

3684 

54.73 
87.2 
0.59 
0.809 

Destruction and Removal Efficiency 
CCl (%) 99.9984 

~ 

TCE (%) 99.9999 

2 
2:30 pm 

57.36 
28.28 

213 
25.4 
12.3 
5.9 
0. 0418 
132.33 

1469 
665 

3882 

5.96 
94.9 

<O .12 
<0.161 

99.9998 

>99.9999 

4-8 

3 
3:53 pm 

58.6 8 
28.41 

211 
25.6 
11.0 
7.0 
0.0420 
103.31 

1540 
6 97 

3882 

27.23 
45.5 
0.44 
0.6 29 

99.9992 

99.9999 

....._.- ---- _,_,_ -- -._- -
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Table 4B 

Summary of Results 
Principal Organic Hazardous Constituents 

Destruction and Removal Efficiency 
(Volatile Organic Sampling Train) 

September 7, 1986 

Run No. 
Start time (approx.) 

Organic Material Feed Rate 
eel~ < lb/hr > 
TCE (lb/hr) 

Gas Conditions 
Temperature (F) 
Moisture (volume %) 
0 2 (volume %) 
CO 2 (volume %) 

Density ( lb/ft 3 ) 

Excess Air (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lb/hr 

Organic Emissions 
eel~ (ppbv) 
CCl~ (lb x l0- 5 /hr) 
TCE (ppbv) 
TCE (lb x 10- 5 /hr) 

Condition 4 

4 
4:38 pm 

58.6 8 
28.41 

211 
25.6 
11.0 
7.0 
0.0420 
102.31 

1540 
697 

3882 

61.56 
103.0 
2.91 
4.15 

Destruction and Removal Efficiency 
eel~ <%> 99.9981 

· TCE (%) 99.9999 

5 
6:09 prn 

61.5 9 
30.13 

202 
26.1 
10.2 
8.0 
0.0426 
89.51 

1537 
700 

3930 

59.04 
99.0 
1.81 
2.59 

99.9982 
99.9999 

--------._ 

4-9 

6 
6:46 prn 

61.59 
30.13 

202 
26.1 
10.2 
8.0 
0.0426 
89.51 

1537 
700 

3930 

49.30 
82.7 
1.37 
1.96 

99.9985 
99.9999 
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Table 5 

summary of Results 
Particulate, CO and HCl Emissions 

(EPA Method 5) 
September 4, 1986 

Condition 1 

Run No. 
Start time (approx.) 

Organic Material Feed Rate 
eel, <lb/hr > 
TCE (lb/hr) 
Total Chloride 
(as HCl) (lb/hr) 

Gas Conditions 
Temperature (F) 
Moisture (volume %) 
0 2 (volume %) 
CO2 (volume %) 

3 Density, ( lb/ft ) 
Excess air, (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Hass Basis 
lb/hr 

Particulate Emissions 
gr/dscf 
gr/dscf (corr. to 7% Oz) 
lb/hr 

Carbon loionoxide Emissions 
ppmv 
ppmv (corr. to 12% COz) 
ppmv (corr. to 50% Excess air) 
lb/hr 

Chloride Emissions (as HCl) 
ppmv 
lb/hr 

Chloride Removal Efficiency 
percent 

1 
1:10 pm 

70.36 
30.42 

92.01 

209 
35.2 
9.2 
8.6 
0.0407 
73.60 

1476 
586 

3604 

0.0093 
0.0110 
0 .o 466 

5 
7 
6 
0.01 

<0.49 
<0.0016 

>99.998 

2 
6:52 pm 

76.92 
33.30 

100.63 

213 
36.5 
9.2 
8.6 
0 .o 400 
73.60 

1521 
585 

3654 

0.0056 
0.0066 
0.0280 

6 
8 
7 
0.02 

<0.49 
<0.0016 

>99.998 

4-10 

3 
9:25 am 

76.92 
33.30 

100.63 

212 
36.6 
9.2 
8.6 
0.0401 
73.60 

1467 
564 

3528 

0. 0 0 87 
0.0103 
0.0422 

12 
17 
14 
0.03 

<O .4 8 
<0.001~ 

>99.991 
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Table 6 

Summary of Results 
Particulate, CO and HCl Emissions 

{EPA Method 5) 
September 5, 1986 

Condition 2 

Run No. 
Start time {approx.) 

Organic Material Feed Rate 
CCl~o (lb/hr) 
TCE (lb/hr) 
Total Chloride 
(as HCl) (lb/hr) 

Gas Conditions 
Temperature {F) 
Moisture {volume %) 
o z {volume %) 
COz {volume %) 
Density ( lb/ft 3 ) 

Excess Air ( %) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lb/hr 

Particulate Emissions 
gr/dscf 
gr/dscf (corr. to 7% Oz) 
lb/hr 

Carbon Monoxide Emissions 
ppmv 
ppmv {corr. to 12% COz) 
ppmv (corr. to 50% Excess Air) 
lb/hr 

Chloride Emissions (as HCl) 
ppmv 
lb/hr 

Chloride Removal Efficiency 
percent 

1 
9:50 am 

78.63 
33.17 

102.14 

216 
32.5 
10.4 
8.0 
0.0405 
93.34 

1351 
550 

3283 

0.0104 
0.0137 
0.0488 

5 
8 
6 
0.01 

<0.45 
<0.0014 

>99.998 

2 
12:20 pm 

77.84 
32.78 

101.07 

226 
32.0 
10.4 
8.0 
0.0400 
93.34 

1356 
548 

3255 

0. 00 86 
0.0114 
0.0405 

6 
9 
8 
0.01 

19.8 
0 .0616 

99.939 

4-11 

3 
2:40 pm 

78.37 
33 .o 4 

101.79 

229 
32.0 
10.4 
8.0 
0.0398 
93.34 

1345 
541 

3213 

0.0116 
0.0153 
0.0537 

7 
11 
9 
0.02 

137.5 
0.4220 

99.5 85 
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Table 7 

Summary of Results 
Particulate, CO and HCl Emissions 

(EPA Method 5) 
September 6, 1986 

Condition 3 

Run No. 
Start time (approx.) 

Organic Material Feed Rate 
eel, (lb/hr > 
TCE (lb/hr) 
Total Chloride 

(as HCl) (lb/hr) 

Gas Conditions 
Temperature (F) 
r-ioisture (volume 
Oz (volume %) 
CO z (volume %) 

3 Density (lb/ft ) 
Excess air (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lb/hr 

Particulate Emissions 
gr/dscf 
gr/dscf (corr. to 7% Oz) 
lb/hr 

Carbon Monoxide Emissions 
ppmv 
ppmv (corr. to 12% COz) 
ppmv (corr. to 50% Excess air) 
lb/hr 

Chloride Emissions (as HCl) 
ppmv 
lb/hr 

Chloride Removal Efficiency 
percent 

1 

1 
10:35 am 

49.3 0 
24.19 

66.87 

225 
35.4 
10.1 
8.0 
0.0 3 96 
87 .66 

1544 
5 96 

3668 

0.0120 
0.0154 
0.0611 

1 

1 

1 

1 

7 4. 7 
0.2525 

99.622 

2 
5:07pm 

55.77 
27.22 

75.52 

216 
39.5 
10.0 
7.6 
0.0391 
85.08 

1655 
6 03 

3885 

0.0165 
0.0210 
0.0852 

52 

8 
6 
0.01 

33.0 
0.1130 

99.850 

Data out of range of the upper limit. 
2 

Two peaks noted at 70 and 63 pm during the middle of the run. 

4-12 

3 
7:27 pm 

54.05 
26.17 

7 3.02 

210 
27 .4 
10.2 
7.6 
0. 0 417 
88.69 

1567 
691 

3919 

0. 0183 
0.0237 
0.1085 

5 
8 
6 
0.02 

50.4 
0 .197 8 

99.7 29 
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Table 8 

Summary of Results 
Particulate, CO and HCl Emissions 

(EPA Method 5) 
September 7, 1986 

Condition 4 

Run No. 
Start time (approx.) 

Organic Material Feed Rate 
CCl ~ ( lb/hr) 
TCE (lb/hr) 
Total Chloride 
(as HCl) ( lb/hr) 

Gas Conditions 
Temperature (F) 
Moisture (volume %) 
Oz (volume %) 
CO z (volume %) 

3 Density (lb/ft ) 
Excess Air (%) 

Gas Flow Rates 
Volume Basis 

acfm 
dscfm 

Mass Basis 
lb/hr 

Particulate Emissions 
gr/dscf 
gr/dscf (corr. to 7% Oz) 
lb/hr 

Carbon Monoxide Emissions 
ppmv 
ppmv (corr. to 12% COz) 
ppmv (corr. to 50% Excess air) 
lb/hr 

Chloride Emissions (as HCl) 
ppmv 
lb/hr 

Chloride Remoyal Efficiency 
percent 

1 
1:50 pm 

57.36 
28.28 

77.91 

213 
25.4 
12.3 
5.9 
0.0418 
132.33 

1469 
665 

3684 

0.0055 
0.0089 
0.0315 

5 
10 
8 
0.02 

13.0 
0 .0491 

99.937 

2 
3:57 pm 

58.68 
28.41 

7 9.27 

211 
25.6 
11.0 
7.0 
0.0420 
103.31 

1540 
697 

3882 

0.0097 
0.0136 
0 .OS 82 

5 
9 
7 
0.02 

71.2 
0.2819 

99.644 

4-13 

3 
7:10 pm 

61.59 
30.13 

83.46 

202 
26 .1 
10.2 
8.0 
0.0426 
89.51 

1537 
700 

3930 

0.0188 
0.0244 
0.1131 

7 
11 
9 
0.03 

82.0 
0 .3 26 0 

99.609 
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DISCUSSION 

5-1 

Destruction and Removal Efficiency of Carbon Tetrachloride 

During condition 1, only runs 2, 3, and 6 were used to calculate the 
emissions of carbon tetrachloride from the incinerator. This was 
because the samples obtained during runs 1, 4 and 5 quenched the 
flame in the analytical detector. This could be an indication of 
higher concentrations than reported in Table 1. 

During condition 2, only runs 1, 4, 5 and 6 were used to calculate 
the emissions of carbon tetrachloride from the incinerator. The 
sample obtained from run 3 again quenched the flame in the 
analytical detector. The sample container used from run 2 was 
broken by the analytical laboratory resulting in the sample being 
lost. 

During conditions 3 and 4 all samples were analyzed without any 
problems. 

The accuracy of analysis for carbon tetrachloride was± 10%. 

Destruction and Removal Efficiency of Trichloroethylene 

Only the emission rates calculated from runs 2, 3 and 6 were used to 
determine the average emission rate from the incinerator during 
condition 1. The samples obtained during runs 1, 4 and 5 quenched 
the flame in the analytical detector. 

Only the emission rates calculated from runs 1, 3, 4, 5 and 6 were 
used to determine the average emission rate from the incinerator 
during condition 2. The sample container used from run 2 was broken 
by the analytical laboratory resulting in the sample being lost. 

The average emission rates calculated for condition 3 and 4 were 
determined using all 6 runs during each condition. These samples 
were analyzed without any problems. 

The accuracy of analysis for trichloroethylene was± 10%. 

No deviations from the u.s. EPA draft method were noted in sampling 
procedures for both carbon tetrachloride and trichloroethylene. 



UNIVERSITY OF CALIFORNIA 
CAE Project No: 3770 

DISCUSSION (Continued) 

Particulate Emissions at the Stack 

5-2 

The EPA Method 5 sample train was modified by replacing the water 
in the impingers with O.lN sodium hydroxide to enhance the 
collection ot chlorides from the gas stream. For this reason, the 
condensed moisture was measured gravimetrically and not 
volumetrically. 

The first and last traverse points were adjusted to 1 in. away from 
the duct wall. The actual centroid of the sample area is 0.8 in. 
away from the wall. The volume of gas metered during run 1, 
condition 1, was adjusted by 0.12 fta because of a leak check run on 
the sample train between points 1-1 and 1-2. 

No deviations from standard u.s. EPA sampling procedures were noted. 

Carbon Monoxide Concentrations at the Stack 

During conditions 1, 2 and 4, the CO concentrations averaged 10 ppmv 
when corrected to 12% C0 2 in the stack gas. During run 1, condition 
3, the carbon monoxide concentration went above the upper limit of 
the detector and chart recorder. The chart recorder system was 
calibrated so that the upper limit was approximately 500 ppmv co. 
The CO concentration went back down to an average of about 10 ppmv 
when corrected to 12% C0 2 during runs two and three. During run 
two, two peaks were noted. At actual stack conditions, the first 
peak of 70 ppmv occured at 5:16 pm and the second peak of 63 ppmv 
occured at 5:29 pm. 

No deviations from standard u.s. EPA sampling procedures were noted. 

Gaseous Chloride Emissions 

During condition 1, the gaseous chloride concentrations were below 
the detectable limit of 0.5 ppmv. During condition 2, the gaseous 
chloride concentrations rose from <0.5 ppmv during run 1 to 137 ppmv 
during run 3. 

During condition 3, the gaseous chloride concentrations averaged 53· 
ppmv over the three runs. During condition 4 the gaseous chloride 
concentrations went from 13 ppmv during run 1 to 82 ppmv during 
run 3. 
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I IHPINGERS/ICE DATil I 
~---·-

Impingers Contain 
1. 100 ml 0.1 N NaOH 
2 • 1 0 0 ml 0 .1 N NaOH 
3. Dry 
4. 300 g silica gel 

____ , 
VACUUH GAUGE 

Fig 1. The EPA Method 5 sampling apparatus is shown. 
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APPENDIX 

NOMENCLATURE 
SAMPLE CALCULATIONS 

PARA?-1ETERS 
CALIBRATION DATA 

FUEL COMPOSITION & FEED RATE 
LABORATORY DATA 

WEIGHT SHEETS 
FIELD DATA 

STATISTICAL ANALYSIS 
CHAIN OF CUSTODY 

CYLINDER GAS AUDIT SAMPLES 

7-0 

7-1 
7-2 
7-3 
7-4 
7-5 
7-6 
7-7 
7-8 
7-9 
7-10 
7-11 
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NOMENCLATURE 
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SAMPLE CALCULATIONS 

7-2 



A 
An 
As 
Bwo 
Cp 
Df 
Fd 
Fe 
GCV 
DH 

(DP) ~ -

DH@ 
%! 

Kp 

Kc 
Hd 
Ms 
Mn 
N 
Pb 
Pf 
Pi 
Ps 
Qa 
Qstd 
std 
Tf 
Ti 
Tm 
Ts 
Tstd 
e 
va 
Vf 
Vlc 

Vm 

Vmstd -

Vstd 
Vsoln -
Vt 
Vtb 
Vwstd -
Vs 
Yd 

N omencl a tur e 

absorbance 
cross sectional area of nozzle (ft 2 ) 

cross sectional area of stack (ft 2 ) 

proportion of water vapor in the gas stream by volume (%) 
pitot tube coefficient (dimensionless) 
dilution factor 
ratio of dry gas generated to gross calories (dcfrn/MBtu) 
ratio of gas generated to gross calories (dscf/MBtu) 
gross calorific value of fuel (Btu/lb) 
average pressure drop across the meter box orifice 
(in. H 2 0) 

average of square roots of velocity heads of stack 
gas (in. H2 0) 
meter orifice calibration coefficient (dimensionless) 
percent of isokinetic sampling (acceptable: 90%~%!~110%) 

[ (lb/lb-mole) (in. Hg)] !z 
[(

0 R)(in. H 2 0)] 1i 
spectrophotometer calibration factor 
dry molecular weight of stack gas (lb/lb-mole) 
molecular weight of stack gas, wet basis (lb/lb-mole) 
total amount of particulate matter collected (gm) 
normality of titrant (meq/ml) 
barometric pressure (in. Hg) 
final absolute pressure of flask (in. Hg) 
initial absolute pressure of flask (in. Hg) 
absolute stack gas pressure (in. Hg) 
volumetric flow rate, actual conditions 
volumetric flow rate, standard conditions, dry basis 
standard conditions, 29.92 in. Hg 68°F 
final absolute temperature of flask ( 0 R) 
initial absolute temperature of flask ( 0 R) 
average dry gas meter temperature (°F) 
average stack temperature (°F) 
absolute temperature, standard conditions (528°R) 
total sampling time (min) 
volume of aliquot (rnl) 
volume of flask (ml) 
total volume of liquid collected in impingers and silica 
gel (ml) 
volume of gas sample through the dry gas meter at meter 
conditions ( ft 3 ) 

volume of gas sample through the dry gas meter, 
standard conditions (ft 3

) 

volume of flask sample, standard conditions (rnl) 
total volume of solution (rnl) 
volume of titrant used to titrate aliquot (rnl) 
volume of titrant used to titrate blank (rnl) 
volume of water collected, standard conditions (ft 3

) 

stack gas velocity (ft/sec) 
gas meter correction factor (dimensionless) 
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1. 

2. 

3. 

4. 

SAMPLE CALCULATIONS- RUN #3 Condition 2 
(Note: results are taken from computer analysis.) 

Volume of water collected 

Vwstd = ( 0.0 471) CV1c> 

= ( .0471 ) ( 300.6 ) 

= 14.16 wscf 

Volume of gas metered, standard conditions 

Vmstd 

Moisture 

Bwo 

Molecular 

= 
r_Pb + l~H.6 J ( 17 • 6 4 ) ( Vm ) I 

C 460 + Tm 
< Yd > 

( 17.64 ) ( 41.60 ) [ 23.05 + 0;36.26 J 
( 0.9999 ) = 

( 46 0 + 103 ) 

= 30.10 dscf 

content 

Vwstd = 
Vmstd + Vwstd 

14.16 = 30.10 + 14.16 

= 0.3199 

= 32.0 ' 
weight of dry gas stream 

= 0.44( %C0 2 ) + 0.32( %0 2 ) + 0.28( %CO+ %N 2 ) 

= 0.44( s.o ) + 0.32( 10.4 ) + 0.28( 81.6 ) 

= 29.7 0 
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SAMPLE CALCULATIONS (Continued) 

5. Molecular weight of stack gas 

= Md ( 1 - Bwo > + 18 C Bwo ) 

= 29.70 ( 1 - 0.3199 ) + 18 ( 0.3199 ) 

= 25.95 

6. Velocity of stack gas 

(DP)~ 
[ Ts + 460 ]~ 

Vs = Kp Cp 
) ] ~ [ C Ms > ( Ps 

85.49 ( 0.840 ) ( 0.375 ) 
[ 229 + 460 ] ~ 

= 
[ ( 25.95 ) ( 23 .o 9 

= 28.84 ft/sec 

7. Total volumetric flow of stack gas 

Oa = (60) CAs> CVs> 

= ( 60 ) ( 0.7773 ) ( 28.84 ) 

= 1345 acfm 

Ostd =-
Oa Ps C 17.6 4 > C 1 - Bwo > 

Ts + 460 

( 1345 ) ( 23.09) ( 17.64) ( 1- 0.3199) 
= ----

229 + 460 

= 540.8 dscfm 

) ] ~ 
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Sample Calculations (Continued) 

8. Density of stack gas 

= 

= 

= 

Ps (14 .6 96) <144) Ms 
(29.921) (TS + 460) (1545) 

(23.09) (14.696) <144) (25.95) 
( 29 .921> ( 229 + 46 0) 1545 

0.0398 lb/ft' 

9. Mass flow rate of stack gas 

= 

= (0.0398) (1367) (60) 

= 3264 lb/hr 

10. Excess combustion air in stack gas 

% Excess air = 

= 

= 

(100) 
0.264 (%Nz) - (%0z) 

10.4 (100) 
(0.264) (81.6) - (10.4) 

93.33 
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SAMPLE CALCULATIONS (Continued) 

11. Percent isokinetic 

%I 
(0.09450 > C Ts + 460 > Vmstd 

= 
Ps V8 An e C 1 - B wo> 

(0.09450 ) ( 229 + 460 ) ( 30.10 
= 

23.09 ) ( 28.84 ) ( 0.000534 ) ( 80 ) ( 1 - 0.3199 ) 

= 101.2 ' 

12. Particulate concentration 

gr/dscf = 

= 

15.43 (Mn) 

vmstd 

15.43 (0.0226) 
(30.10) 

= 0.0116 

gr/dscf corrected to 7% 0 1 

lb/hr 

= 

= 

= 

= 

= 

Cgr/dscf) 14 
(21 - %0z) 

(0.0116) 14 
(21- 10.4) 

0.0153 

Cgr/dscf) (Qstd) (60) 
7000 

(0.0116) (549) (60) 
7000 

= 0.055 
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Sample calculations (Continued) 

13. Chloride emissions (as HCl) 

lb/dscf = 
(mg/1) (Vsoln/1000! (36 .45/35 .45) 

(453,590) (Vmstd> 

(325 - 1) (533/1000) (36 .45/35.45) 
= --- -- -------------------------

ppmv 

lb/hrf 

( 453,590) (30 .10) 

= 1.301 X 10- 5 

= ( lb/dscf) (385.3) no• > 
(36.45) 

(1.301 X 10- 5
) (385 .3) no • > 

= 
36.45 

= 137.5 

= Clb/dscf) (dscfm) (60) 

= (1.301 X 10- 5
) (549) (60) 

= 0.428 

14. Chloride entering incinerator, Cas HCl) 

from CCl, (71.834 lb/hr) (?.9219 lb Cl-0 
lb eel, 

from TCE (31.221 lb/hr) (8095 lb Cl- ) 
,. lb TCE 

Cas Cl-> 

as HCl = ( as cl-) (36.45/35.45) 

= (91.5) (36.45/35.45) 

= 94.08 lb/hr 

= 66.2 lb/hr 

= 25.3 lb/hr 

= 91.5 lb/hr 
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Sample Calculations (Continued) 

15. Chloride removal efficiency 

inlet - outlet % Efficiency = 
inlet 

(100) 

= 94.08 - 0.428 
(94.08) 

= 99.55% 

(100) 

16. carbon monoxide emissions 

ppmv corrected to 12% C0 2 

= Cppmv) _g_ 
%C0 2 

= (7) 

= 10.5 

12 
8.o 

ppmv corrected to 50% excess air 

lb/hr 

= Cppmv) 

= (7) 

100 + %EA 
150 

100 + 93.33 
150 

= 9.0 

= 

= 

Cppmv) C28) (Qstd) (60) 
C38S .3> uo• > 

(7) (28) (549) 60 
( 3 85 • 3 ) (1 0 I ) 

= 0.017 
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Sample Calculations (Continued) 

17. Vost sample train gas metered at dry standard conditions. 

(Vm) (Pb) (76 0/29 .921) 

vmstd = ( 0.3 85 8) (Yd) 
(Tm + 273) 

= (0 .3 85 8) (20.15) (23.13) (760) <1.0032) 
(34 + 273) (29.921) 

= 14.92 1 

18. POHC emissions (Condition 4, Run 3 CCl~) 

(ng CCl~) 
= 

<vmstd> 

2600 = 
14.92 

= 174.2 

ppbv = <u9/m 1 > (24 .04) 
(153 ~81) 

= 27.23 

lb/hr (ppbv) (153.81) (Qstd) (60) = no• > (385.3) 

= (27.23) (153.81) (951) ( 60) 
(10') (385.3) 

= 6.20 X 10-' 

_ .... ________ 4 ____ -~ - .. ~--------- ·-·· ·-, .. -.~··--- ~--"'04 ___ .... __ ~-~---.. -----·-~---...,----- ---- ---·-· ........... . 
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• 

Sample Calculations (Continued} 

19. POHC emissions CCondi tion 4, Run 3 TCE} 

ug/m 1 = n2 TCE 

vmstd 

36 = 
14.92 

= 2.412 

ppbv = <u2/m1
} (24.04} 

(131.378} 

= (2.412} (24 .04} 
(131.37 8} 

= 0.442 

lb/hr (ppbv) (131.37 8) (Qstd} (60) = 
uo• > (385.3) 

(0.442} = (131.378} (951) ( 60} 

uo• > (385 .3) 

= 8.59 X 1o-• 

20. Destruction and removal efficiency of eel, 

\ORE = 

= 

lb/hr in - lb/hr out 
lb/hr in 

55.500 - 6.20 X lO-' 
55.500 

= 99.9989\ 

ClOO} 

(100} 
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Sample Calculations (Continued) 

21. Destruction and removal efficiency of TCE 

%DRE = 

= 

lb/hr in - lb/hr out 
lb/hr in 

27.750- a.59 x 1o-• 
27.750 

= 99.99997 

{100) 

{100) 
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Parameter Sheet 
VOST 

Condition 1 

Run 1 2 3 4 

Field Measurements 
Pb 23.17 23.17 23.17 23.17 
Theta 20 20 20 20 
Tm 32 31 30 39 
Vm 20.91 21.71 18.91 20.82 
Vmstd 15.62 16.27 14.22 15.20 
Yd 1.0032 1.0032 1.0032 1.0032 
dscfm 586 586 586 586 

Organic Material Feed Rate 
CC14, lb/hr 70.36 70.36 70.36 70.36 
TCE, lb/hr 30.42 30.42 30.42 30.42 

Laboratory Data 
CC14, Cng) >188 6780 5110 >5760 
Uncertainty 19 678 511 576 
TCE, Cng) *** 161 <10 *** 
Uncertainty *** 16 1 *** 

Results, CC14 
ug/m3 >12.04 416.80 359.4 7 >37 8.95 
ppbv, dry >1.88 65.14 56.18 >59.23 
lbE-10/dscf >7.51 260.06 224.28 >236.44 
lb/hr >2.6E-05 9.14E-04 7.89E-04 >8.3E-04 
DRE, ( %) <99.9999 99.99870 99.99887 <99.9988 

Results, TCE 
ug/m3 *** 9.90 <O. 70 *** 
ppbv, dry *** 1.81 <0.13 *** 
lbE-10/dscf *** 6.18 <0.44 *** 
lb/hr *** 2 .17E-05 <l.SE-06 *** 
DRE, ( %) *** 99.99996 >99.9999 *** 

*** Detector Quenched or Sample Broken 

' 

5 6 

23.17 23.17 
20 20 
30 27 .s 

21.4 8 21.36 
16.15 16.19 

1.0032 1.0032 
585 585 

76.92 76.92 
33.3 33.3 

>5410 5410 
541 541 
*** 140 
*** 14 

>335.04 334.14 
>52.37 52.22 

>209.04 208.48 
>7.3E-04 7.32E-04 
<99.9990 99.99904 

*** 8.65 
*** 1.58 
*** 5.40 
*** 1.89E-05 
*** 99.99997 



Run 1 

Field Measurements 
Pb . _ 23 .OS 

20 
21 

20.62 
15.89 

1.0032 

Theta 
Trn 
Vm 
Vmstd 
Yd 
dscfm 550 

Organic Material Feed Rate 
CC14, lb/hr 78.63 
TCE, lb/hr 33.17 

Laboratory Data 
CC14, (ng) 
Uncertainty 
TCE, (ng) 
Uncertainty 

Results, CC14 
ug/m3 
ppbv, dry 
lbE-10/dscf 
lb/hr 
DRE, ( %) 

Results, TCE 
ug/m3 
ppbv, dry 
lbE-10/dscf 
lb/hr 
DRE, ( %) 

63 
6 

<10 
1 

3.96 
0.62 
2.47 

8.16E-06 
99.99998 

<0.63 
<0.10 
<0.39 

<1.3E-06 
>99.9999 

Parameter Sheet 
VOST 

Condition 2 

2 

23.05 
20 

24.5 
21.68 
16.51 

1.0032 
550 

78.63 
33.17 

*** 
*** 
*** 
*** 

*** 
*** 
*** 
*** 
*** 

*** 
*** 
*** 
*** 
*** 

3 

23.05 
20 
38 

21.82 
15.90 

1.0032 
548 

77.84 
32.78 

*** 
*** 
<10 

1 

*** 
*** 
*** 
*** 
*** 

4 

23.05 
20 
36 

21.17 
15.52 

1.0032 
548 

77.84 
32.78 

1190 
119 
164 

16 

76.65 
11.98 
47.83 

1.57E-04 
99.9997 9 

<0.63 10.56 
<0.10 1.93 
<0.39 6.59 

<1.3E-06 2.17E-05 
>99.9999 99.99997 

*** Detector Quenched or Sample Broken 

5 

23.05 
20 
40 

21.98 
15.91 

1.0032 
541 

78.37 
33.04 

4580 
458 
115 

12 

287 .82 
44.99 

179.58 
5.83E-04 
99.99925 

6 

23.05 
20 
48 

19.92 
14.06 

1.0032 
541 

78.37 
33.04 

5660 
566 
110 

11 

402.51 
62.91 

251.14 
8.1SE-04 
99.99895 

7.23 7.82 
1.32 1.43 
4.51 4.88 

1.46E-05 1.58E-05 
99.99998 99.99997 



Parameter Sheet 
VOST 

Condition 3 

Run 1 2 3 4 5 6 

Field Measurements 
Pb 23.15 23.15 23.15 23.15 23.15 23.15 
Theta 20 20 20 20 20 20 
Tm 25 33 33 33 25 24 
Vm 20.14 20.87 20.71 20.37 21.99 21.04 
Vmstd 15.38 15.52 15.40 15.15 16.79 16.12 
Yd 1.0032 1.0032 1.0032 1.0032 1.0032 1.0032 
dscfm 596 596 603 603 691 691 

Organic Material Feed Rate 
CC14, lb/hr 49.30 49.30 55.77 55.77 54.05 54.05 
TCE, lb/hr 24.19 24.19 27.22 27.22 26.17 26.17 

Laboratory Data 
CC14, (ng) 2170 2230 5660 4440 258 2993 
Uncertainty 217 223 566 444 26 299 
TCE, Cng) 231 235 1240 543 6 8 
Uncertainty 23 24 124 54 1 1 

Results, CC14 
ug/m3 141.08 143.67 367.47 293.07 15.36 185.64 
ppbv, dry 22.05 22.46 57.43 45.81 2.40 29.02 
lbE-10/dscf 88.03 89.64 229.27 182.86 9.5 9 115.83 
lb/hr 3 .lSE-04 3 .21E-04 8.30E-04 6.62E-04 3.97E-05 4.80E-04 
DRE, (%) 99.99936 99.99934 99.99851 99.99881 99.99992 99.99911 

Results, TCE 
ug/m3 15.02 15.14 80.51 35.84 0.36 0.50 
ppbv, dry 2.75 2.77 14.73 6.56 0.07 0.09 
lbE-10/dscf 9.37 9.45 50.23 22.36 0.22 0.31 
lb/hr 3.35E-05 3.38E-05 1.82E-04 8.09E-05 9.24E-07 1.28E-06 
DRE, (%) 99.99993 99.99993 99.99967 99.99985 99.99999 99.99999 

*** Detector Quenched or Sample Broken 



Parameter Sheet 
VOST 

Condition 4 

Run 1 2 3 4 5 6 

Field Measurements 
Pb 23.13 23.13 23.13 23.13 23.13 23.13 
Theta 20 20 20 20 20 20 
Tm 25 32 34 32 24 25 
Vm 20.96 20.76 20.15 17.71 21.44 20.36 
vmstd 15.99 15.48 14.92 13.20 16.41 15.54 
Yd 1.0032 1.0032 1.0032 1.0032 1.0032 1.0032 
dscfm 665 665 697 697 700 700 

Organic Material Feed Rate 
CC14, lb/hr 57.36 57.36 58.68 58.68 61.59 61.59 
TCE, lb/hr 28.28 28.28 28.41 28.41 30.13 30.13 

Laboratory Data 
CC14, (ng) 5600 590 2600 5200 6200 4900 
Uncertainty 560 59 260 520 620 490 
TCE, (ng) 52 <10 36 210 162 116 
uncertainty 5 1 4 21 16 12 

Results, CC14 
ug/m3 350.15 38.12 174.21 393.84 377.71 315.41 
ppbv, dry 54.73 5.96 27.23 61.56 59.04 49.30 
lbE-10/dscf 218.47 23.78 108.69 245.73 235.67 196.79 
lb/hr 8.72E-04 9.49E-05 4.55E-04 1.03E-03 9.90E-04 8.27E-04 
DRE, ( \) 99.99848 99.99983 99.99922 99.99824 99.9983 9 99.99865 

Results, TCE 
ug/m3 3.25 <0.65 2.41 15.91 9.87 7.47 
ppbv, dry 0.59 <0.12 0.44 2.91 1.81 1.37 
lbE-10/dscf 2.03 <0.40 1.51 9.92 6.16 4.66 
lb/hr 8.0 9E-06 <1.6E-06 6.29E-06 4 .15E-05 2.59E-05 1.96E-05 
DRE, ( \) 99.99998 >99.9999 99.99998 99.99992 99.99995 99.99996 

*** Detector Quenched or Sample Broken 
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PARAMETERS 

Particulate - Condition 1 

Run No. 1 2 

An .000534 .000534 

As .7773 • 7773 

Bwo .3520 .3652 

%C0 2 8.6 8.6 

Cp .840 .840 

DH • 740 • 740 

DH@ 1.807 1.807 

(DP)~ .415 .425 

%I 103.9 104.1 

Ma 29.74 29.74 

Mn .0161 .0121 

Ms 25.61 25.46 

%0z 9.2 9.2 

Pb 23.19 23.08 

Ps 23.23 23.12 

e 64.0 80.0 

Tm 84 79 

Ts 209 213 

VIc 308.6 409 

Vm 35.50 44.23 

Vmstd 26.75 33.48 

Vs 31.64 32.61 

Vwstd 14.54 19.26 

Yd .9999 .9999 

3 

.000534 

• 7773 

.3660 

8.6 

.840 

.680 

1.807 

.410 

104.9 

29.74 

.0184 

25.45 

9.2 

23.08 

23.12 

80.0 

66 

212 

399 

41.97 

32.55 

31.45 

18.79 

.9999 
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PARAMETERS 

Particulate - Condition 2 

Run No. 1 2 

An .000534 .000534 

As .7773 .7773 

Bwo .3245 .3196 

\C0 1 8.0 8.0 

Cp .840 .840 

DH .570 .640 

DH@ 1.807 1.807 

(DP)~ .379 .378 

\I 98.5 102.2 

Md 29.70 29.70 

Mn .0200 .0172 

Ms 25.90 25.96 

\Oz 10.4 10.4 

Pb 23.05 23.05 

Ps 23.09 23.09 

e 80.0 80.0 

Tm 71 92 

Ts 216 226 

Vlc 303.8 307 

Vm 38.84 41.71 

Vmstd 29.79 30.78 

Vs 28.97 29.08 

Vwstd 14.31 14.46 

yd .9999 .9999 

3 

.000534 

• 7773 

.3199 

8.0 

.840 

.620 

1.807 

.375 

101.2 

29.70 

.0226 

25.95 

10.4 

23.05 

23.09 

80.0 

103 

229 

300.6 

41.60 

30.10 

28.84 

14.16 

.9999 
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PARAMETERS 

Particulate - Condition 

Run No. 1 2 

An .000534 .000534 

As .7773 • 7773 

Bwo .3540 .3947 

%C0 2 8.0 7.6 

Cp .840 .840 

DH • 780 .840 

DH@ 1.807 1.807 

(DP)~ .429 .457 

%I 104.7 105.7 

l>!cl 29.68 29.62 

Mn .0266 .0374 

Ms 25.55 25.03 

%0z 10.1 10.0 

Pb 23.15 23.05 

Ps 23.19 23.08 

e 80.0 80.0 

Tm 78 89 

Ts 225 216 

Vlc 399 485.4 

Vm 45.07 47.21 

Vmstd 34.29 35.05 

Vs 33.10 35.49 

Vwstd 18.79 22.86 

Ya .9999 .9999 

3 

3 

.000534 

• 7773 

.2736 

7.6 

.840 

.920 

1.807 

.446 

98.0 

29.62 

.0442 

26.44 

10.2 

23.05 

23.08 

80.0 

72 

210 

297.9 

48.60 

37.25 

33.59 

14.03 

.9999 

-......,.- , .. , -
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PARAMETERS 

Particulate - Condition 4 

Run No. 1 2 

An .000534 .000534 

As .7773 • 7773 

Bwo .2537 .2559 

%C0 2 5.9 7.0 

Cp .840 .840 

DB .820 1.04 

DB@ 1.807 1.807 

(DP) lt .419 .440 

%I 96.3 101.7 

Md 29.44 29.56 

Mn .0126 .0246 

Ms 26.54 26.60 

%0, 12.3 11.0 

Pb 23.13 23.13 

Ps 23.16 23.16 

e 80.o 80.0 

Tm 82 86 

Ts 213 211 

V1c 254.2 284.7 

Vm 46.68 52.01 

Vmstd 35.23 38.99 

Vs 31.49 33.01 

Vwstd 11.97 13.41 

yd .9999 .9999 

3 

.000534 

.7773 

.2607 

8.0 

.840 

1.02 

1.807 

.443 

103.1 

29.69 

.0485 

26.64 

10.2 

23.10 

23.13 

80.0 

68 

202 

297.4 

51.31 

39.72 

32.96 

14.01 

.9999 



I 

Run 1 

Fie~d Measurements 
Pb 23.05 
Theta 20 
Tm 27 
Vm 9.93 
Vmstd 7.50 
Yd 1.0032 

Cy~inder # AAL12421 

Laboratory Data 
CC~4, <ng> 
Uncertnty 
TCE, <ng> 
Uncertnty 

Reau~ts CC~4 

ug/m3 
ppbv, dry 
~bE-10/dsc:f 

Resu~ts TCE 
ug/m3 
ppbv, dry 
~bE-10/dsc:f 

<10 
1 

502 
50 

~ 1. 333 
< o. 21 

< o. 832 

66.933 
12.25 

41.762 

2 

23.05 
20 
29 

11.39 
8.55 

1.0032 

AAL12421 

<10 
1 

605 
61 

c:::: 1. 170 
c::: 0. 18 

< o. 730 

70.793 
12.95 

44.170 

Parameter Sheet 
VOST 

Audit Samp~es 

3 

23.05 
20 
31 

10.91 
8.13 

1.0032 

AAL12421 

c:::: 10 
1 

614 
61 

<1. 230 
-c: o. 19 
<0. 767 

75.504 
13.82 

47.109 

4 

23.05 
20 
22 

10.12 
7.77 

1.0032 

AAL11924 

615 
62 

<10 
1 

79.110 
12.36 

49.359 

< 1. 286 
< 0.24 

< 0.803 

••• Detector Quenched or Samp~e Broken 

5 

23.05 
20 
25 

10.28 
7.82 

1.0032 

AAL11924 

••• 
••• 
••• 
••• 

••• 
••• 
••• 

••• 
••• 
••• 

6 

23.05 
20 
27 

10.6 
8.01 

1.0032 

AAL11924 

730 
73 

c:::: 10 
1 

91.170 
14.25 

56.884 

""""'1. 249 
<0.23 

<0. 779 
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Pitot Tube Calibration Data 

All pitot tubes are constructed in-house. Prior to their initial 
usage, they are calibrated using EPA geometry standards. This 
involves verification of the alignment of the face openings as shown 
in the specifications illustrated in the figure below. The pitot 
tube is not used if it fails to meet these specifications. 

lGNC:ITUOIN.t.~ 

• TUI[.AJIS 

~ ... 

'L'.i . ~J ·~· 
1: I I 7 . 
. I i I I \ i 

TII.\HSVEl!S£·. ___ jDc1_ __ jr;v;\J-.--
lUBEAXIS ~ l~~· 

• . I 
J Ia! ! · ,.) 

B flQWJ 7. 
A ----·-- ·.;:-·-· 

Cd Jlti~ ./ 

TIIANSV( liSE I. I 
TUIE AXIS • · _ __l·ESE9--

~o::;,~c: --J 
• rLANU • , 

lol 
. • A·SIDE PLAIIE 

1 . ~ 

.; ...__. _a; _".;;.._. :-·~· ¥. 
I-SIDE PLANE .. , 

A 

I 

A 

------,\ 

(11 

---.,..---
1 tz!ur~ ·......:, ·--

Types of face-opening misalignment that can result from field use or 
improper construction of Type S pitot tubes. These will not affect the 
baseline value of Cp so long as Cl1 and CXz < 10°, 171 and tfz < 5~ 
z < 1/8 in. and w < 1/32 in. Also, 1.05 Dt < P < l~u Dt. 



OATE: 2- Is-- 85 
Yd. tl 9'}qc; 

tlet~r n~x:· G. G · -
OP£.1V\TOR: c I F 0" 

,A H ~ /, 8:0 2 . BAROHLTRIC PRESSURE (Pb): Q?9, ~ ~ 

---·---

\ STANDARD HETEr, CAS . HETER am: GAS I STANDARD I HETt.R i \ VOLt.'XE . ' VOLlr.-ffi l-IET~R 30X . (f t '> ( f t)) YD I TEHP. 7!::11'.' rnr.- I l. :: 
I ~ - (" r) Tds t F) Td <;tlrN> 

~ liH 6P Yds ·~INITIAL · FINAL NET INITIAL FINAL NET . IU OUT AVC jiN OUT AV-G 0 I Yd I 
I -

.31~· 'j()O 1317, '57~ . .MJ.sl L.tJ5 t.ft ~!il /. o/32 ~ . .3~ ~5 -f._ "J. j, (J(}()CJ 0. t:JCI 0 s; ()00 5,tJ00 ~~,_-,~ ?In 7"- 7lt! IMP 

!i 
'1. 

;' 
.·: 

I 

I I 
.''l 

l 

i 
I 
! 
l 

i 
I 
j 
j 

' ; 
! 

I~ .. 5 .... /. ;/, I. tX>oo (), oC6 5..ooo 5. t>tJO 

- \ . . 

.~ J, 5 ~;j'. ~ /, (J 00() oo;ooo /".o/3 /~~d/.~ 

-~~ I .. < L..?. ~ I 
/, OOCI 0 o(), noo /(7, ~co: /.I'), nno 

I ·J I 
:11J 3. 01-3.9 \;,oooo 

. I I 
oo. ot'J~ /tJ. oi:Ja. I /t:J, oo~ · 

.tHI _g_ o I - .~.8 /. 0 £Jl'~ (') o~ o4011'P, coo /"~ ooo 

I ' 
I 

I I . I . - I 
I 

I 

I J 
I I I· 

I I . I I 
I 

I 
I 

' I I I I 

I I I ! 

' I I\ ' I I I I -
~ Fl~v Rate (cfm) 
• Oriricc Pressure differential (in. H,O) 

Qf2.5..Z~..I 3;1:), 73'1 
.. , . . . 

.3.;;1:;l. 7 3'i 3~3 J ~~ 

1.33'3·131 .1'L3. • ~8Z 

1311 3, _q_ I 7__ 35~C1~£... 

3~'3.q:lL. ,~l..l/.'37 .3_ 

--

:--•• 

-

I 
' • Stan~ard Hcter inlet pressure d1fferential 

. . ~ • Standard Heter Correction Factor 
(in. HaO) 

· i . • Heter Sox Correction Fnctor 

~ ' . ' ; ... 

s· .. J to3 ._7'-. .7k .7fn /()Lj I ·1 ! • 1?.( _t(}g_.5 LtJ3 /.9.~21t.tJI..?~ ~. 

. .. ·1 I ! · ! 
l/c 39Cl.. 1fl',5 71..5 I7,,S 'I I I 1-1~11.s ltU.·S. C."3 Ll/.il~ ~12"/f: .:a_ 

/~h ~I /~0 I/ c:J 1 I MU i ,{()049 \~ fli6_ 1/CJ .35<o ~ ,7/,,.~ 
.• i I I ! ~ 

/0, "13~ l7t..-s 7'·~ i7,,S 
I . I I Iii 

J().~ 9 9 1/PO 5 /() SSI • 'JK3f I~ 

/" 1_4/'17 7? 
I I ' • I I I Jof 

77 77 !.ttJt, I 99.1i /~3 /tJ.,~Il- ~ 981,51~ _ 

\ 

I I I I I I I I I I I 
I 

I I I I I 

I I 
I 

I·H I .I I 
I I 18 I I - I I . I I 

I I 

_d I I . ! t. I I 
I 

. I ' 

I . I l I I I 
. I I i I . I I . . 

' . . 
' -----. -· 

6UG =Orifice prcss~re differential that g~ves 
0.75 cfm ac ?o•r and Z9.92" Hs (in. H,O) 

V<!s Td + 460 Pb +,, o/lJ.': 
Yd o:(Yds) ·vr 'fds + t.60 P'J +~ H/U.u 

6H(J. ·• o.o317·6H 
o ·-I . .. "'.,, 

r- ;lJ I ~'ids •. ~ I, 6?,}1 ~I 

I 
• 
! 

. 
I 
I 
I 

I 

i 
I 



CC~®~I!Ju ffi\o~r 
Engineering, Inc. 
207 N. Woodwork Lane Palatine, Illinois 60067 312·991·3300 

VACUUM GAUGE CALIBRATION SHEET 

METER DATE __ 7..__-...._/__,9'-----=-8_5_ 

STANDARD (HG) VACUUM GAUGE 

I 
I 
I 
I • ;1.. 7. 4? I d?i,() I . 
l 
I 
I • 
f ~.'-!? I 

' ~5,0 1 
I 
; 
I 
I 
l 
1 
I ;9, 9 20,0 l 
' , r 

l 
1 

J ;tj, ~ ;5,0 
I 
i 
I 
I 

/(),{) l c;,c.; 
l 
I 
I 
I 

I tf, I 5:(} 



' ' . 

(f» 
= 
@ 
@' 
;;;;?) 

~ 
== 
9 

rn 
::J 
(!l -· 

::J 
0 
• 

PYROMETER CALIBRATION SHEEJ 

PYROMETER I /J1eMif_ (; ~ CiATE 

DIGIMITE r 

~ 
£_() I ~y 

100 I /IJ« 

150 J-57 

200 ~I() 

250 ~~3 

~nn I :3/X' 

350 I ~~q 

400 I Ll~~ 
" I LilLI 4c;n 

500 1 5;t? 
I 

-- I . 
1-

- . -···-~ I -· -- .. . 

CALIB~ATEO BY tf', ljP 

. .. ··~-···:-- ....... -....... - --·-···-----... ! .... --·-· :..•• ... --·· ... ··-.--··-·-.· .... ~·••••~---::-:~~ ....... :~:""':.':~-· ... L~•':__"_• ... -:--, •,"'•••-• ,,,.: .. ··. ---.·-- •·•·•··~ 



METER BOX FULL TEST CALIBRATION 

DATE: 'i ~ 2- &]_p METER BOX Yd: /, tJ03QJ... METER BOX: Y .1.. 
OPERATO~: C. , f:=u.-c_ METER BOX 611@ : ________ _ BAROMETRIC PRESSURE (Ph) : & tf '~1 

Standard'~eter. Gas Meter Box Gas Standard Meter Time 
Volume (ft 3 ) . Volume (ft 3

) Meter Box (Min.) 
1_.,~, :t'A. IPJf ,)\j Lk,ll. Temperature Temperature 

(Vds) (Vd) Tds Td 
Q l\U AP Yds Initial Final Net Initial Final Net In Out Avg In Out Avg g Yd 611@ 

,D'¥..fl .s --;I /,occo e>.ooo .-sco I 15' (J{J .t;tJtn I 7~ 7.;1 7;1. IB1._3 a,,~ i~O n~'Jf' J,~tJ~ -
.~g, '5 - J /,OtXJC O"l'>OO /,,0() l.ooo 

,6~ ~~ -.J LOo::t:. o,ooa .~dO ,$00 

Q - Flow Rate ·(cfm) 
AU - Orifice Pressure Differential (in. II 0) 
l\P - Inlet Pressure Differential Standard Meter (in. II 0) 
Yds - Standard Meter Correction Factor (Unitless) 
Yd - Meter Box Correction Factor (Unitless) 
AH@ - Orifice Pressure Differential that gives 0.75 cfm 

of air at 70°F and 29.92" Hg (in. H 0) 

1.0:1.11 ?:I.e; 

.·5'/t/'1 7~ 

7::1, «: 7;1. -5' 166,7 8'3.3 ~b.c Pl.SJ-tj' I. {JIJ;l"' -
73 73 c;b,~ 7'~ gg..o IJ,4,1 f•OOIB -

· (vd~ ( Td + 460) (Pb + l\P/13.6 \ 
Yd • (Yds) \Vd~ \Tds .+ 460 lPb + l\H /13.6) 

0.0317 l\H f"(Tds + 460) ;, 2 
l\11@ • Pb (T + 460) L Vds. Yds :J 

Q • 17.64 · Vds • Pb 
(Tds + 460) 9 



-

t 

.POST TEST CALIBRATION CHECK 

DATE: ;-./o_-¥7 11ETER BOY. VACUUM: /r /( 
-----, 

OPERATOR: C., ;::::" er,L METER BOX l'd: .J: 0 0 "3 d-
/ 

Standard Meter Gas Meter Box_G~s Standard 
Volume (ft3) Volume (~) I I . I -~ 

Meter 
Temperature 

(•F) 
Tds 

RETURNED FROH: 1/~A~//1'. 
t?Pc;.t.e 

METER BOX: Ill 
BAROMETRIC PRESSURE (Pb): .9X..Z 

Heter 
Box \ Time 

Temperature (Min.) 
( 0 F) 

Td I I (Vds) I (Vd) _ 
Q IAH I AP Y~s Initial Final Net !Initial Final ~et In Out Avg.lln Out Avg. e- Yd AH@ 

----"!!1 I I I I I I Ill 
,~-f.:l.kuooo it',t?Od 1,102~ j&:o&i.fYf.cot>_il&;.387!30.3:i],·~~~~~ .,..,.. :er, ... , 1, • ....,"''«<: 

' I . ! I . . ! i I ! ! I I i 
L.ooaol "' ooo b otJo 1 ,toool57 if?_ 

. . ·: I I ! I I I I I 
..... /. 3lfl j.('}oUO ~ ooo /,o o o ~,t, I G-3'/.'!'5'(..1.18' . .::t 7)1 /l(l , q <(.! !;. (.. I H I r? 

Q - Flow Rate (cfm) 
AH - Orifice Pressure Differential (in. H 0) 
AP - Inlet Pressure Differential Standard Meter (in. H 0) 
Yds - Standard Meter Correction Factor (Unitless) 
Yd - Meter Box Correction Factor (Unitless) 
AH@ - Orifice Pressure Differential that gives 0.75 cfm 

of air at 70 11 F ond 29.92 11 Hg (in. H 0) 

(Vds \ ( Td + 460)(Pb + bP /13 
Yd = (Yds)\Vcr) Tds + 460 \Pb +.:~~1/1.: 

- I 
0.0317 AH L(Tds + 460) e ! 
Pb (Td + 460) Vds. Yds _i l\H@= 
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L1cuid Feed Rate Data 

Alumagel 0.249 w/o Alumagel 0.249 
Fuel Oil 34.93 w/o Fuel Oil 34.69 w/o 
CCI. 44.84 w/o CCI. 45.35 ~/o 
TCE 19.99 w/o <l19.39) TCE 19.71 wlo C¥.1=?.1::1 

* TCE wt% corrected to 97% analysis of TCE feedstock 

Sa.mpl e F·eri od Flowmeter·/ Corrected F'CHC FeEd 
2.nd ..,.. . 

I 1 fnE· Corrected Flowl·-a.t.e 1 br;-t.~,..nt-

EF'P: !"1-5 VDST lbm/min lbm/hr CCl 4 97~/~ TCE 

LA-1-M5-1 LA-1-V-1 . ..., 
26/2 . 45 147 65. 91 .-"1:1 5(l ..:.:.. ..:.:..==·· 

1310-1445 1315-1335 

LA-1-V-2 2. 59/2. 78 166. 0 74 80 ~·-:-: 34· '-" . ·-·.:... . 
l'tC 1-1421 

LA-1-V-3 21! 59/:2 .. 78 166. 8 74. 80 32. 34 
J. 44::.-1503 

LA-1-V-4 2 .. . ::,_,..,I~ c-• 170. 4 76. ..,._ (;4 .._,.._l ~- .....,..,. - ·-··- . 
1525-1545 

LA-1-M5-2 LA-1-V-5 2. 64/2. 86 171 6 7t.. o.-, ~-:: 3(> . "'"- ·-··-'. 
1852-2~) 15 1824-1844 

LA-1-V-6 . ..., 64/2. ..:.:.. 8' 0 171 . 6 71:. .• 92 ~~ ·-··-· . 3(! 

1938-1958 

LA-1-M5-3 2.64/2. 86 171 . 6 76. ;·:: ~~ ·-·-· . 3t) 

2125-2245 

LA-2-M5-1 LA-2-V-1 2.67/2. 89 173. 4· 78. 63 -:;~ 17 ·-··-·. 
0950-1 120 0958-1018 

LA-2-V-2 2. 67/2. 89 173. 4 78. 63 -:;-:; 1""'" ·-··-·. .. 
1044-1 104 

LA-2-M5-2 LA-2-V-3 ~ 64/2. 86 171 6 77. 84 "":".-, 78 .... . ._; . ..:.:, . 
1220-1340 1216-1236 

LA-2-V-4 2. 64/2. 86 171 . 6 77 • 8'' ..,. ~""':: 73 --·4• 

1302-1322 

LA-2-MS-3 LA-2-V-5 2.66/2. 88 172.8 78.37 ~~ t)4 ·-··-· .. 
1440-1600 1448-1508 

LA-2-V-6 2.66/2.88 172. 8 78 • . ::,. i ~~ 04 ._,._,II 

1527-1547 



Solid ~Ped Rate Data 

CCL~ 10UZ, TCE 97i~ 

Condition 3--9/6/86 Ccnditicn 4--9/7/86 

Sample 
F'e1~i cd 
~' Ti tn(? 

LA-3-M5-1 
1035-1155 

LA-3-V-1 
1036-1056 

LA-3-V-2 
1117-1137 

Bm: #s 
Fed 
21 
,.,, ... , 
.a::...::. 

23 

28 
29 

Tct.::.l 

Gress: 
lilt. 

< l bs l 
37.20 
37.18 
37.22 
37. 10 
37.20 
37.28 

223.18 

Feedrates Cltm/hr) 
(corrected to 97% TCEl 

1029 
1C40 
1050 
1Li4 
1117 
1130 
1150 
81 min 

165.6 lbm/ht-

LA-3-M5-2 34 '' ..... ,.., 
--· f . .:.·~ 

17(f7-1832 ~,.-. ":'"""7 1~ .. ~.,..::: -~·I . "'":-..:.:. 
·~c 
-~·.....! 37 . 36 

LA-3-V-3 cO 37 cO 
·-•I.J . ._ .. __. 

1709-1729 36 37 . ..,...., 
. ..; . ..;;_ 

40 37 . 16 
LA-3-V-4 42 3.:S. 58 
1756-1816 41 37. 76 

43 
Total 2'78. .:.:o 

Feedrates Clbm/hr) 
(corrected to 97% TCE> 

1700 
1713 
1725 
1 7~-: I ·-'I 

174(3 
1800 
1812 
1824 
1836 
96 min 

186.6 lbm/hr 

LA-3-M5-3 45 36.82 
1927-2050 47 36.68 

46 36.50 
LA-3-V-5 37 37.48 
1924-1944 50 36.58 

81 36.70 
LA-3-V-6 87 36.98 
1957-2017 70 

Total 257.74 

Feedrates Clbm/hr) 
<ccrrected to 97% TCE) 

1922 
1·~34 

1946 
1959 
2(>12 
2024 
2036 
2049 

87 min 

177.6 lbm/hr 

CC14 
<1 bs) 
11.12 
11. Ot:. 
11. 10 
11.12 
11. 16 
11.06 

66.62 

49.30 

29.85% 

1 1 . 16 
1 l . L-r 

1 1 . 26 
i 1 1::2 .. . 
1 1 . 14 
i 1 12 .1. . 
1 1 . 08 
1 1 . 10 

,-,(-· 
0 7 • 

-.-, 
.a::.~ 

I:" I:" 
.... J....J. 77 

29.91/. 

11. 30 
11. 10 
11.08 
11.40 
11. 08 
11.08 
11.32 

78.36 

54.05 

30. 40i~ 

Tr::-
'""-

( l bsi 
5. 6-'l-
5.62 
5.60 
5.54 
5.56 
5.68 

33.64 

24.1'7' 

14.62% 

t=" 64 ...J. 

~ .~) '-'• 

"' 54 _: . 
<=" 64 ... ~ . 
c:-
..J • t; ..• q. 

5.56 
<=: 1:":1 

·-'0 

5.58 

44. ;9 

":•i 
.... .I • 22 

14.56i~ 

c:- c:-' 
. ...J. ,..JQ 

5.58 
5.54 
.,. C"' 
-..!o...JO 

5.58 
5.54 
5.64 

39.00 

26. 17 

14. 68~·: 



LA-4-MS-1 

LA-4-V-1 
1349-1409 

LA-4-V-2 
1430-14-:.:=.;o 

86 
92 

57 
71 

:::7. :-2;:) 

36.72 
36.62 
36.62 

37.04 
36.62 
36.52 

T•::it.:d 294.66 

Feedrate£ Clbm/hrl 
(corrected to 97% TCEl 

1342 
1..,.0::'"":• 

·-•._jk 

14(J7 
1415 
1427 
1439 
1451 
1503 
1515 

93 min 

1'7'0.2 lbm/hr 

LA-4-MS-2 49 36. r=-. 
....!..:.. 

1557-1718 I c;· 
C:•...J 36. 64 
82 .;,;.,::a. 62 

LA-4-V-3 C"C" 

~--· 36. 60 
1558-1618 C"'""l ,_,..::_ 37 . 42 

68 . .::.a. 78 
LA-4-V-4 i 

.. ~i.. 7() - ·-··~ 

1638-l t:.:--;s f:::_; ::::;6. 74 
7.J. 

i c!t,?.l :::·~4. .... ...;,. 

Feedrates Clbm/hrl 
(corrected to 97% TCE) 

1r=z::-r= ,_J...J...J 

1607 
1617 
1629 
1641 
1653 
1 7•:)2 
171 4 
17'2/::.. 

'7'1 1\;i o; 

193.8 lbm/hr 

LA-4-V-5 63 36.50 1806 
1809-1829 61 36.58 1818 ...,. 

;0 36.58 1830 
LA-4-V-6 75 36.76 1840 
1846-1906 91 36.88 1852 

64 36.92 1900 
LA-4-MS-3 69 36.66 1912 
1910-2030 83 36.82 1924 

88 36.70 1930 
56 36.66 1940 
79 37.26 1952 
r=-:r 
....!-~· 37. 10 2()(>2 

80 36.56 2015 
6 2027 
Total 477.98 141 min 

Feedrates <lbm/hr > 
(corrected to 97% TCE) 

203.4 lbm/hr 

11.06 
J. J .• 1 t:. 
11. :L 0 
11.08 
11.06 
11. 18 
11. 06 
11.12 

88.82 

57.36 

1 •I 06 . 
1 1 . 10 
1 1 . (}t:_. 

1 1 . 06 
1 1 ,..,~ ... . ... ~ 
1 1 . l(i . 1 1 .-,, 
J. . ....... 
1 1 18 ... . 
C .. !.::O 94 ~~-~. 

58. e;:.;:j 

3(). 25~~ 

11. 10 
11.08 
11. 10 
11. 10 
11.08 
11.24 
11. 10 
11.20 
11.08 
11.06 
11.30 
11.08 
11.06 

144.58 

61.59 

30. 25~1. 

C" c-.-
._; • ·-•CJ 

5. 7't) 
5.54 
5. ,~() 
5.52 

45.26 

2E.28 

14. 90i: 

r= C"' ....... ,_;Q 

r= ....... 54 
c: c::,.., .... -·~ 
r= 
....!. 

c=:.-... 
....10 

~:.- 54 -~ . 
r= 62 ._1 • 

c: 56 '-"• 

5. t:"~. ~_;-~ 

44. 5C· 

o;c 
~·....J· 41 

14. 68:-~ 

5.56 
5.58 
r= r=' -1.-'o 

5.54 
5.60 
r= ',.... 
....!.b.::.. 

5.62 
5.54 
5.56 
5.60 
6.04 
5.54 
5.54 

72. 9(:1 

30.13 

14.79/. 
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----------------------------------------------------------------------

LANL----- 1 

Cond~t~onJ 
----V\----R!n-:------T/C~ 

----- ~Saap1• O.•cr~pt~on 
Saap1• Tra~n Typ• ------------------------------

V YOST 
M5 M•thod 5 

CC14----Carbon t•trachlorid• 
TCE-----tr~Chloro •thyl•n• 

AC(F)--Act~vat•d Carbon, Fr••h 
AC<U)--Act~vat•d Carbon, U••d 
CC14--CC14 Feed Stock 
CS--Cau•t~c So1ut~on 
FOF--Fue1 0~1 Feed 
FO---Fue1 0~1 F••d Stock 
F-----F~1t•r o~ M5 Tra~n 
lap--Iap~ng•r o~ M5 Tra~n 
LMF--L~qu~d M~xtur• F••d 
MW--Mak•-up Wat•r 
PW-Probe Wa•h o~ M5 Train 
SOL--Scrubber Di•charge L~qu~d 
TCE--TCE Feed Stock 
T--Tenax 
T/C--Tenax/Charcoa1 



.. -_. 

.• 

.. 

To: John Vavruska 
MS - E 517 
Tel. (505)-667-7391 

From: Larry R. Field 
HSE-9 / Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Burn Test 

sample Other ID cas. 
No. No. Number 

00.96591 46\CT 56235 
86.12412 IA-1-V-1-cCL4 56235 
86.12413 IA-1-V-1-TCE 79016 
86.12414 IA-1-V-1-L.M.F. 56235 

79016 
CL 
SOLIDS,DIS 

86.12415 IA-1-V-2-L.M.F. 56235 
79016 
CL 
SOLIDS,DIS 

86.12416 IA-1-V-3-L.M.F. 56235 
79016 
CL 
SOLIDS,DIS 

86.12417 IA-2-V-1-L.M.F. 56235 
79016 
CL 
SOLIDS,DIS 

86.12418 IA-2-V-2-L.M.F. 56235 
79016 
CL 
SOLIDS,DIS 

86.12419 IA-2-V-3-L.M.F. 56235 
79016 
CL 
SOLIDS,DIS 

Date: Jt.... / 1 /fi-t 

Analytical Report 

Date: 12/01/86 

RECEIVED DEC 8 1986 

Sample Sheet t 5425 

Analysis Analytical Uncertainty 
Type Result Units +/-

CC14 40 ' 4 
CC14 100 ' 5 
'l'CE 97 ' 5 
CC14 32 ' 2 
TCE 16 ' 1 
Chloride 1 MG./L .5 
Disolved Solids 12350 MG./L 1235 
CC14 43 ' 2 
TCE 21 ' 1 
Chloride 8 MG./L .5 
Disolved Solids 5460 MG./L 546 
CC14 40 ' 2 
TCE 20 ' 1 
Chloride 3 MG./L .5 
Disolved Solids 2630 MG/L 263 
CC14 30 ' 3 
TCE 16 ' 1 
Chloride 5 MG./L .5 
Disolved Solids 6600 MG/L 660 
CC14 41 ' 2 
TCE 20 ' 1 
Chloride 3 MG./L .5 
Disolved Solids 5010 MG/L 501 
CC14 46 ' 3 
TCE 18 ' 1 
Chloride 4 MG./L .5 
Disolved Solids 10550 MG./L lOSS 

~~ t;-1·?~ 
Date: 11- /' / .'f/ 

" Approved, Qua.li ty Control 
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To: John Vavruska 
MS - E 517 
Tel. (505)-667-7391 

From: Larry R. Field 
HSE-9 I Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: -> Bum Test 

Sample other ID cas. 
No. No. Number 

86.12400 I.A-1..:..V-l-S.D.L. 56235 
79016 
CL 
PH 

36.12401 I.A-1-V-2-S.D.L. 56235 
79016 
CL 
PH 

86.12402 I.A-1-V-3-S.D.L. 56235 
79016 
CL 
PH 

86.12403 I.A-2-V-1-S.D.L. 56235 
79016 
CL 
PH 

86.12404 I.A-2-V-2-S.D.L. 56235 
79016 
CL 
PH 

86.12405 I.A-2-V-3-S.D.L. 56235 
79016 
CL 
PH 

86.12406 ~3-V-1-S.D.L. 56235 
79016 
CL 
PH 

86.12407 LA-3-V-2-S.D.L. 56235 
79016 
CL 
PH 

86.12408 LA-3-V-3-S.D.L. 56235 
79016 
CL 
PH 

86.12409 ~4-V-1-S.D.L. 56235 
79016 

- ·-· ·- -·--- -·- -·-- -- -~~·· .... -·. -···· --

Analytical Report 

Analysis 
Type 

CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 

------·. --·· . 

Date: 12/01/86 

Sample Sheet # 5424 

Analytical uncertainty 
Result units +I-

< .12 00/L .1 
.14 00/L .1 
14,000.000 MG/L 700.000 

10.300 PH UNITS 0.200 
< .12 00/L .1 
< .12 UG/L .1 

18,000.000 MG/L 900.000 
2. 900 PH UNITS 0.200 

< .12 00/L .1 
.21 00/L .1 
26,000.000 MG/L 1,300.000 

2. 400 PH UNITS 0.200 
< .12 00/L .1 
< .12 UG/L .1 

13,000.000 l'li/L 650.000 
2. 200 PH UNITS 0.200 

< .12 00/L .1 
.57 UG/L .1 
25,000.000 l'li/L 1,250.000 

1.800 PH UNITS 0.200 
< .12 UG/L .1 

.18 UG/L .1 
28,000.000 l«i/L 1,400.000 

1. 600 PH UNITS 0.200 
< .12 UG/L .1 

.43 UG/L .1 
20,000.000 l«i/L 1,000.000 

1. 000 PH UNITS 0.200 
.14 UG/L .1 
.64 00/L .1 
9,000.000 IG/L 450.000 

3. 500 PH UNITS 0.200 
< .12 UG/L .1 

.59 UG/L .1 
19,000.000 l«i/L 950.000 

4 .100 PH UNITS 0.200 
< .12 UG/L .1 

.43 00/L .1 



CL Chloride 12,000.000 MG/L 600.000 
PH pH 2.000 PH UNITS 0.200 

86.12410 LA-4-V-2-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE .57 UG/L .1 
CL Chloride 18,000.000 MG/L 900.000 
PH pH 207.000 PH UNITS 0.200 

86.12411 LA-4-V-3-S.D.L. 56235 CC14 < .12 UG/L .1 
79016 TCE .35 UG/L .1 
CL Chloride 22,000.000 MG/L 550.000 
PH pH 1. 900 PH UNITS 0.200 

~#)Date: It-/ 1 IN ___ .;;.;;/;.;..';..;.--'""'--------oa-t_e:_1_-.z._/_1_/_.K_ 

Approved, C~ting Approved, Quaiity Control 



::, 

To: John Vavruska 
MS - E 517 
Tel. (505)-667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Burn Test 

Sample Other ID cas. 
No. No. NUmber 

00.96767 80.8 ppn CL 
86.10186 LA-1-V-1-c.S. CL 
86.10187 LA-2-v-1-c.s. CL 
86.10188 LA-2-V-3-c.S. CL 
86.10189 LA-3-v-1-c.s. CL 
86.10190 LA-3-v-2-c.s. CL 
86.10191 LA-4-V-123-c.s. CL 

Analytical Report 

Date: 12101186 

sample Sheet 1 5423 

Analysis Analytical Uncertainty 
Type Besult Units +I-

Chloride 83. 000 1'1;/L 1.000 
Chloride 1,050.000 1'1;/L 1.000 
Chloride 1,050.000 1'1;/L 1.000 
Chloride 1,375.000 1'1;/L 1.000 
Chloride 950. 000 1'1;/L 1.000 
Chloride 1,300.000 1'1;/L 1.000 
Chloride 1,350.000 MG/L 1.000 

~~_.....-? Date: /?.. 1 I II'( 

Approved I corit'racting Approved,/~ ty Control 

Date: 1L 1 1 I Si 

.. :.';.~ . 



To: John Vavruska 
MS - E 517 
Tel. (505)-667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Bum Test 

Sample Other ID cas. 
No. No. Number 

00.96584 24ug/gCT,32 TCE 56235 
79016 

00.96585 33ug/gCT,25 TCE 56235 
79016 

00.96589 32ug/L CT,40TCE 56235 
79016 

00.96590 32ug/L CT,40TCE 56235 
79016 

00.96773 20ng/gCT20510TC 56235 
79016 

00.96774 38ng/gCT38494TE 56235 
79016 

00.96775 20ng/m!CT20280T 56235 
79016 

00.96776 60ng/m!CT60840T 56235 
79016 

86.10192 LA-1-V-1-F.O.F. 56235 
79016 
CL 

86.10193 LA-2-MS-1-ALGL 56235 
79016 
CL 

86.10194 LA-1-MS-1-ALGL 56235 
79016 
CL 

86.10195 ~3,4-V-123PEL 56235 
79016 
CL 

86.10196 LA-3-V-3-I.A. 56235 
79016 
CL 
PH 

86.10197 LA-4-MS-123-I.A 56235 
79016 
CL 
PH 

86.10198 LA-1-V-1-HEPA 56235 
79016 

Analytical Report 

Analysis 
Type 

CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 

·, -.:.r"'Xf~~ .. 

Date: 12/01/86 

Sample Sheet I 5422 

Analytical Uncertainty 
Result Units +I-

< 5 UG/L 2 
< 5 UG/L 2 
< 5 UG/L 2 
< 5 UG/L 2 

25 UG/L 3 
34 UG/L 4 
21 UG/L 3 
47 UG/L 5 
.1 UG/KG .1 
7.8 UG/KG 1 
.1 UG/KG .1 
.OS UG/KG .1 
44 UG/L 4 
8050 UG/L 805 
69 00/L 7 
44000 UG/L 4400 

< 1 ~/L 1 
< 1 ~/L 1 
< 1.000 ~/L 1.000 

27 UG/KG 3 
1 00/KG 1 

38.000 UG/G 2.000 
510 UG/KG 51 
628 UG/KG 63 

54.000 UG/G 2.000 
82 UG/KG 8 
70 UG/KG 7 
2, 610. 000 UG/G 130.000 

168 UG/KG 16 
150 UG/KG 15 
8,750.000 UG/G 435.000 

9. 900 PH UNITS 0.200 
2000 UG/KG 200 
600 00/KG 60 
26,700.000 UG/G 1,335.000 

8. 900 PH UNITS 0.200 
38 UG/KG 4 

< 1 UG/KG 1 



CL Chloride 9.000 UG/G 1.000 
PH pH 8.300 PH UNITS 0.200 

86.10199 IA-4-V-3-HEPA4 56235 CC14 150 UG/KG 15 
79016 TCE 10 UG/KG 1 
CL Chloride 87,700.000 UG/G 4,335.000 
PH pH 5.900 PH UNITS 0.200 

?~ Date: /Z-1 I I rt· 
? . 
Approved, Contracting Approved, QUality Control 

, I / oV 

Date: ' ::.. I 1 I -~ / 



To: John Vavruska 
MS- E 517 
Tel. (505)-667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Burn Test 

Sample Other ID cas. 
No. No. Number 

86.10161 IANL-1-MS-1 AL 
FE 
NA 

86.10162 LANL-1-MS-2 AL 
FE 
NA 

86.10163 LANL-1-MS-3 AL 
FE 
NA 

86.10164 LANL-2-MS-1 AL 
NA 

86.10165 LANL-2-MS-2 AL 
FE 
NA 

86.10166 LANL-2--MS-3 AL 
FE 
NA 

86.10167 LANL-3--MS-1 AL 
FE 
NA 

86.10168 LANL-3--MS-2 AL 
FE 
NA 

86.10169 LANL-3-MS-3 AL 
FE 
NA 

86.10170 LANL-4-MS-1 AL 
FE 
NA 

86.10171 LANL-4-MS-2 AL 
FE 
NA 

86.10172 LANL-4-MS-3 AL 
FE 
NA 

86.10173 BLANK AL 
FE 
NA 

Analytical Report 

Date: 12/01/86 

Sample Sheet I 5421 

Analysis Analytical Uncertainty 
Type Result Units +/-

Al 5.300 MG/1. 0.100 
Fe 3. 200 I«;JL 0.100 
Na 2. 500 l'li/L 0.100 
Al 6. 700 I«;jL 0.100 
Fe 5. 000 I«;jL 0.100 
Na 2. 400 I«;jL 0.100 
Al 5. 700 l'li/L 0.100 
Fe 2 • 500 l'li/L 0.100 
Na 2 .1 00 J«;jL 0.100 
Al 2. 300 I«;jL 0.100 
Na 2.100 I«;jL 0.100 
Al 3. 500 I«;jL 0.100 
Fe 7.600 l'li/L 0.100 
Na 2. 000 J«;jL 0.100 
Al 3 • 600 l'li/L 0.100 
Fe 22.200 MG/L 0.100 
Na 2. 400 I«;jL 0.100 
Al 3.400 l'li/L 0.100 
Fe 26.200 l'li/L 0.100 
Na 2. 200 J«;jL 0.100 
Al 3. 700 l'li/L 0.100 
Fe 31.100 l'li/L 0.100 
Na 2. 400 I«;jL 0.100 
Al 3.100 l'li/L 0.100 
Fe 51.200 l'li/L 0.100 
Na 2. 300 J«;jL 0.100 
Al 4.100 I«;jL 0.100 
Fe 18. 400 I«;jL 0.100 
Na 2. 400 J«;jL 0.100 
Al 3.300 MG/L 0.100 
Fe 29. 300 l'li/L 0.100 
Na 2.400 MG/L 0.100 
Al 5.400 MG/L 0.100 
Fe 65.600 MG/L 0.100 
Na 2. 200 I«;jL 0.100 
Al 8.100 MG/L 0.100 
Fe 0.600 MG/L 0.100 
Na 1. 700 JIG/L 0.100 



I 

.. 
- -
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L: 
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[. 

86.12484 Fe• 0.099 mg/L AL 
FE 
NA 

86.12485 Fe•. 08Al•. 45mgL AL 
FE 
NA 

~.~'~ Date: /"LitiS{ 

_,..?,prm;ed, Contracting 

A1 < 0.100 MG/L 0.100 
Fe 0.120 MG/L 0.100 
Na 6.900 MG/L 0.100 
A1 0.500 MG/L 0.100 
Fe 0.100 MG/L 0.100 
Na 0.100 MG/L 0.100 

,, ) - Date: 1 .__I / I r- f 

• Approved, Quality Control 



TO: John Vavruska 
MS - E 517 
Tel. (505)-667-7391 

From: Larry R. Field 
HSE-9 / contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: -> Bum Test 

Sample Other ID cas. 
No. No. NUmber 

00.96586 4800ngCT,280TCE 56235 
79016 

00.96587 220ngCT,4500TCE 56235 
79016 

00.96588 800ngCT,1100TCE 56235 
79016 

00.96770 20ngCT,20280TCE 56235 
79016 

00.96771 10ngCT,10140TCE 56235 
79016 

00.96772 40ngCT,40560TCE 56235 
79016 

86.12449 1-V-1-T,'l'C 56235 
79016 

86.12450 1-V-2-T,'l'C 56235 
79016 

86.12451 1-V-3-T,'l'C 56235 
79016 

86.12452 1-V-4-T,'l'C 56235 
79016 

86.12453 1-V-5-T, 'l'C 56235 
79016 

86.12454 1-V-6-T, 'l'C 56235 
79016 

86.12455 1-V-(1-6)-T,'l'C 56235 
79016 

86.12456 2-V-1-T,'l'C 56235 
79016 

86.12457 2-V-2-T,'l'C 56235 
79016 

86.12458 2-V-3-T,'l'C 56235 
79016 

86.12459 2-V-4-T,'l'C 56235 
79016 

86.12460 2-V-5-T, 'l'C 56235 
79016 

86.12461 2-V-6-T, 'l'C 56235 
79016 

Analytical Report 

Analysis 
Type 

CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
'l'CE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 
CC14 
TCE 

Date: 12/01/86 

Sample Sheet I 5379 

Analytical uncertainty 
Result units +/-

2900 NG 299 
240 NG 24 
330 NG 33 
4800 NG 488 
1440 NG 144 
2100 NG 210 
8 NG 1 
1150 NG 115 
5.6 NG 1 
499 NG 50 

(}d. K•tJ NG 
NG 

> 188 J NG 
i)c.-+ '<..,~ .. : ~ NG 

19 

6780 NG 678 
161 NG 16 
5110 NG 511 

< 10 NG 1 
> 5760 1 NG 

VA f (k· .. >I'<[ •/ NG 
576 

> 5410 , NG 541 
Pc.f f:,,,,f. .,; NG 

5410 NG 541 
140 NG 14 

< 10 NG 1 
3 NG 1 
63 NG 6 

< 10 NG 1 
!),) q ... ,.J,) NG 

!1-<~1<·~ 
NG 
NG 

< 10 NG 1 
1190 NG 119 
164 NG 16 
4580 NG 458 
115 NG 12 
5660 NG 566 
110 NG 12 



86.12462 2-V-( 1-6 )-T, TC 56235 CC14 8 NG 1 
79016 TCE < 10 NG 1 

86.12463 3-V-1-T,TC 56235 CC14 2170 NG 217 
79016 TCE 231 NG 23 

86.12464 3-V-2-T,TC 56235 CC14 2230 NG 223 
79016 TCE 235 NG 23 

86.12465 3-V-3-T,TC 56235 CC14 5660 NG 566 
79016 TCE 1240 NG 124 

86.12466 3-V-4-T,TC 56235 CC14 4440 NG 444 
79016 TCE 543 NG 54 

86.12467 3-V-5-T,TC 56235 CC14 258 NG 26 
79016 TCE 6 NG 1 

86.12468 3-V-6-T,TC 56235 CC14 2993 NG 300 
79016 TCE 8 NG 1 

86.12469 3-V-(1-6)-T,TC 56235 CC14 < 10 NG 1 
79016 TCE < 10 NG 1 

86.12470 4-V-1-T,TC 56235 CC14 5600 NG 560 
79016 TCE 52 NG 5 

86.12471 4-V-2-T,TC 56235 CC14 590 NG 59 
79016 TCE < 10 NG 1 

86.12472 4-V-3-T,TC 56235 CC14 2600 NG 260 
79016 TCE 36 NG 4 

86.12473 4-V-4-T,TC 56235 CC14 5200 NG 520 
79016 TCE 210 NG 21 

86.12474 4-V-5-T,TC 56235 CC14 6200 NG 620 
79016 TCE 162 NG 16 

86.12475 4-V-6-T,TC 56235 CC14 4900 NG 490 
79016 TCE 116 NG 12 

86.12476 4-V-(1-6)-T,TC 56235 CC14 < 10 NG 1 
79016 TCE < 10 NG 1 

86.12477 (1-4)-V-1-T,TCA 56235 CC14 < 10 NG 1 
79016 TCE 502 NG so 

86.12478 (1-4)-V-2-T,TCA 56235 CC14 < 10 NG 1 
79016 TCE 605 NG 61 

86.12479 (1-4)-V-3-T,TCA 56235 CC14 < 10 NG 1 
79016 TCE 614 NG 61 

86.12480 (1-4)-V-4-T,TCA 56235 CC14 615 NG 62 
79016 TCE < 10 NG 1 

86.12481 (1-4)-V-5-T,TCA 56235 CC14 
{Jil.:.~ ~,.; 

NG 
79016 TCE NG 

86.12482 (1-4)-V-6-T,TCA 56235 CC14 730 NG 73 
79016 TCE < 10 NG 1 

86.12483 (1-4)V-ALL-T,TC 56235 CC14 < 10 NG 1 
79016 TCE < 10 NG 1 

::;J7Z~ Date: 12 I f I 'i( ,n_p 
Approve?, Contracting App __ r_ov_ed~, :o.~~~-i-ty_Con_t_r_o_l _________ _ 
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To: John vavruska 
MS - E 517 
Tel. (505)-667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: --> Bum Test 

Sample other ID cas. 
No. No. Number 

00.96764 6.4 ppD CL 
00.96765 3.2 ppD CL 
00.96766 12.9 PPil CL 
86.12433 LA-1-V-A.C. (F) 56235 

79016 
CL 
PH 

86.12434 LA-12V123-AC(U) 56235 
79016 
CL 
PH 

86.12435 LA-3-V-3-AC.(U) 56235 
79016 
CL 
PH 

86.12436 ~4-V-123-AC(U 56235 
79016 
CL 
PH 

86.12437 LA-1-V-1-M.W. 56235 
79016 
CL 

86.12438 LA-1-V-2-M.W. 56235 
79016 
CL 

86.12439 ~1-V-3-M.W. 56235 
79016 
CL 

86.12440 LA-2-V-l-MoWo 56235 
79016 
CL 

86.12441 LA-2-V-2-M.W. 56235 
79016 
CL 

86.12442 ~2-V-3-MoW. 56235 
79016 
CL 

86ol2443 LA-3-V-1-M.W. 56235 

Analytical Report 

Analysis 
Type 

Chloride 
Chloride 
Chloride 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
pH 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
CC14 
TCE 
Chloride 
CC14 

Date: 12/0l/86 

Sample Sheet # 5378 

Analytical uncertainty 
Result units +/-

7. 000 I«;jL 1.000 
3 • 600 .t«;jL 1.000 

14.500 I«;jL 1.000 
990 00/KG 99 

< 1 00/KG 1 
2,300.000 00/G 1.000 

9. 900 PH UNITS 0.200 
< 1 00/KG 1 

35 00/KG 4 
9,780.000 00/G 1.000 

5. 700 PH UNITS 0.200 
1100 00/KG 110 
58 00/KG 6 
30,100.000 00/G 1.000 

6 • 000 PH UNITS 0.200 
620 UG/KG 62 
110 00/KG 11 
12,550.000 00/G 1.000 

4 • 900 PH UNITS 0.200 
< .1 UG/L o1 
< .12 00/L o1 

3 0 000 I«;jL 1.000 
< o1 00/L .1 
< .12 00/L .1 

3. 000 I«;jL 1.000 
< .1 00/L .1 
< .12 00/L .1 

3 • 000 I«;jL 1o000 
< .1 00/L o1 
< .12 00/L o1 

3 • 000 I«;jL 1o000 
< ol UG/L o1 
< .12 00/L o1 

3 0 000 I«;jL loOOO 
< .1 00/L .1 
< o12 00/L o1 

3. 000 I«;jL 1o000 
< ol 00/L ol 
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86.12444 

86.12445 

86.12446 

86.12447 

86.12448 

79016 
CL 

IA-3-V-2-M.W. 56235 
79016 
CL 

IA-3-V-3-M.W. 56235 
79016 
CL 

IA-4-V-1-M.W. 56235 
79016 
CL 

IA-4-V-2-M.W. 56235 
79016 
CL 

IA-4-V-3-M.W. 56235 
79016 
CL 

Date: /2./ r / tf't" 

TCE < .12 UG/L .1 
Chloride 3.000 MG/L 1.000 
CC14 < .1 UG/L .1 
TCE < .12 UG/L .1 
Chloride 3.000 MG/L 1.000 
CC14 < .1 UG/L .1 
TCE < .12 UG/L .1 
Chloride 3.000 MG/L 1.000 
CC14 .2 UG/L .1 
TCE .13 UG/L .1 
Chloride 3. 000 1«;/L 1.000 
CC14 .2 UG/L .1 
TCE .13 UG/L .1 
Chloride 3.000 MG/L 1.000 
CC14 .2 UG/L .1 
TCE < .12 UG/L .1 
Chloride 3.000 MG/L 1.000 

Date: I 2. / I / S't' 

Approved, Quality Control 

:. _ _ ._ 



To: John Vavruska 
MS - E 517 
Tel. (505)-667-7391 

From: Larry R. Field 
HSE-9 1 Contracting 
MS - K484 
Tel. (505)-667-5889 

Source of Samples: -> Bum Test 

Sample Other ID Cas. 
No. No. Number 

00.96768 25.9 ppn CL 
00.96769 12.9 ppn CL 
86.12420 PA1234M5123IMPB CL 
86.12421 LA-1-MS-1-IMP CL 
86.12422 IA-1-MS-2-IMP CL 
86.12423 IA-1-MS-3-IMP CL 
86.12424 IA-2-MS-1-IMP CL 
86.12425 IA-2-MS-2-IMP CL 
86.12426 IA-2-MS-3-IMP CL 
86.12427 IA-3-MS-1-IMP CL 
86.12428 IA-3-MS-2-IMP CL 
86.12429 IA-3-MS-3-IMP CL 
86.12430 IA-4-MS-1-IMP CL 
86.12431 IA-4-MS-2-IMP CL 
86.12432 IA-4-MS-3-IMP CL 

A/N Date: lz.l I 1/Y 
' ~ 5 

Approved, Contracting 

Analytical Report 

Date: 12101/86 

Sample Sheet # 5377 

Analysis Analytical uncertainty 
Type Result units +I-

Chloride 27.000 MG/L 1.000 
Chloride 13.000 MG/L 1.000 
Chloride < 1.000 MG/L 1.000 
Chloride < 1.000 MG/L 1.000 
Chloride < 1.000 MG/L 1.000 
Chloride < 1.000 MG/L 1.000 
Chloride < 1.000 MG/L 1.000 
Chloride 48.000 MG/L 1.000 
Chloride 325.000 MG/L 1.000 
Chloride 168 • 000 MG/L 1.000 
Chloride 72.000 MG/L 1.000 
Chloride 148.000 MG/L 1.000 
Chloride 42.000 MG/L 1.000 
Chloride 220. 000 MG/L 1.000 
Chloride 270. 000 MG/L 1.000 

Date: /t....l' I '5(' 

Approved, Quality Control 
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Los Alamos National Laboratory 
Los Alamos. New Mexico 87545 

~ Lee c. Borduin, HSE 7, ESl7 

BS~~ntracting FFIOM Larry R. Field, 

SYMIOL HSE-9/86-555 

memorandum 
DATE. November 26, 1986 

1484/4086 

SUIJECT Quality Assurance of Burn Test Analyses Performed By CEP (Santa Fe). 

The results obtained from the Quality Control Samples submitted to CEP 
are qiven below. In addition a summary of analytical events is 
included at the end of this memorandum. 

Chloride Analyses: 

Sample Number Analytical Result 
Units (ppm) 

QC Result \ Recovery 

---------------·-····-··------------------------·····--·······-------00.96767 83. 81. 98. -
00.96764 7. 6.4 91. 
00.96765 3.6 3.2 113. 
00.96766 14.5 12.9 112. 
00.96768 27. 25.9 104. 
00.96769 13. 12.9 100. 

The averaqe percent recovery for the chloride containinq QC spiked 
samples was 103 ' . 
Inorganic Analyses ( Na , re, ' A1 ) : 

Sample Number Analytical Result QC Result \ Recovery 
Units (aq/L) 

······-----····-·····-----·-········································-86.12484(Fe) 
86.1248S(re) 
86.12485(Al) 

0.12 
0.1 
o.s 

0.099 
0.08 
0.45 

121. 
125. 
111. 

The averaqe percent recovery for the Inorqanic (Fe ' Al) containinq QC 
spiked samples was 119 ' • Sodium (Na) was not in the QC sample. 



Field, CEP (Santa Fe) paqe -2-

Analyses of Liquid Kizture reed: 

Sample Number Analytical Result 
Units ( \ ) 

QC Result \ Recovery 

---------------------------------------------------------------------00o9659l(CC1 4 ) 40o 46o 87o 

The averaqe percent recovery for the Liquid reed Mixture containinq QC 
spiked sample was 87 ' 0 

Analxses of Volatile Organics in Soils: 

Sample Number Analytical Result QC Result \ Recovery 
Units (uq/kq) 

·······-----------------------------------------------········-------First set 

00o96773(TCE) 
00o96773(CC1 4) 

7o8 
Oo1 

20510o 
20. 

Oo03 
0.5 

00.96774(TCE) Oo05 38494. 0.00 
00o96774(CC1 4) Ool 38. 0.2 
---------------------------------------------------------------------Second Set 

00o96584(TCE) ND 
00o96584(CC1 4) ND 

00o96585(TCE) ND 
00o96585(CC1 4) ND 

32o0 
24.3 

24.8 
32o7 

OoO 
OoO 

OoO 
0.0 

The averaqe percent recovery for the First Set of volatile Orqanics in 
Soil containinq QC spiked samples was 0.1 \ o 

The averaqe percent recovery for the Second Set of Volatile Orqanics in 
Soil containinq QC spiked samples was 0.0 \ • 

ND is not detected. 
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Field, CEP (Santa re) paqe -3-

Analyses of Volatile Orqanics in Water: 

Sample Number Analytical Result 
Units (uq/L) 

QC Result \ Recovery 

---------------------------------------·················-------·-----First Set 

00.96775(TCE) 
00.96775(CC1 4) 

8050. 
44. 

20280. 
20. 

39. 
220. 

00.96776(TCE) 44000. 60840. 72. 
00.96776(CC1 4 ) 69. 60. 115. 
---------------------------------------------------------------------Second Set 

00.96589(TCE) 34. 32. 106. 
00.96589(CCl 4) 25. 40. 63. 

00.96590(TC!) 47. 32. 146. 
00.96590(CCl 4) 21. 40. 53. 

The averaqe percent recovery for the Firat Set of Volatile Orqanics in 
Water containinq QC spiked samples was 56. \ for TC! and 167 \ for cc1 4 

The averaqe percent recovery for the Second Set of Volatile Orqanics in 
Water containinq QC spiked samples was 126. \ for TC! and 58 \ for cc1 4 

voat Cartridge Analyses: 

Sample Number Analytical Result 
Units (nq) 

QC Result \ Recovery 

-------······························································ Firat Set 

00.96770(TC!!) 1150. 20280. 6. 
00.96770(CC1 4) 8. 20. 40. 

00.96771(TC!!) 499. 10140. 5. 
00.96771(CC1 4 ) 6. 10. 60. 

00.96772(TC!!) NR 40560. 
00.96772(CC1 4 ) NR 40. 
---------------------------------------------------------------------



Field, C!P (Santa Fe) paqe -4-

Second Set 

00.96586('l'CE) 240. 280. 86. 
00.96586(CC1 4) 2900. 4800. 60. 

00.96787('l'C!) 4800. 4500. 106. 
00.96787(CC1 4 ) 330. 220. 150. 

00.96588('l'C!) 2100. 1100. 190. 
00.96588(CC1 4) 1440. 800. 180. 

The averaqe percent recovery for the First Set of vost Cartridqes 
containinq OC spiked samples was 5.5 \ for 'l'C! and SO \ for cc1 4 • 

'l'he average percent recovery for the Second Set of Vost Cartridges 
containing OC spiked samples was 127. \ for 'l'C! ~n-d. 130 \ for cc1 4 • 

NR is not reported. 

Suaaary of Analytical Bventa: 

Approximately 10 \ of the analyses performed for this study were 
evaluated by the insertion of Quality Control Samples. 'l'he results 
obtained from the analyses of these samples are listed above. 

Good analytical recoveries were achieved from the determinations 
of Chloride and the atomic species (Fe, Al, and Na) in spiked oc 
samples. However, such was not the case for the orqanic analyses of 
TC! and cc1 4 in various matrices i.e., air, water, and soil. 

Inspection of the analytical data obtained from, and auditing of 
the analytical procedures used by, the contract analytical laboratory 
(C!P of santa Fe) pointed out two distinct flaws. One was in the 
spiking of the OC samples themselves and the other was in the 
analytical technique used by C!P to analyze the liquid feed mixtures. 

1.) 'l'he problea with the spiked OC samples was that the 'l'C! 
was spiked at a 1000 fold excess of what it should be. 'l'he 
behavior of large amounts of these volatile organic materials 
on sorption aedia such as soils and 'l'enax is unknown and may 
account for the low recoveries observed for the first set of 
analyses. 'l'hus, it was decided to resubmit additional QC 
samples to C!P for analyses, that contained organic materials 
spiked at levels more-in-line with what was found in the 
majority of the other samples. 'l'he recoveries on second set 
were better for the vost cartridges, but were erratic for the 
water samples. 

.. ':,·4---·-... · .. 
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Field, CEP (Santa Fe) paqe -5-

2.)The improper analytical technique used by CEP for the 
analyses of the Liquid Feed mixtures was GC-ECO. The reason 
for this beinq improper is that calibration curves for the 
!CO are extremely non-linear at the hiqh levels found in the 
samples we submitted. GC-FIO on the other hand is the 
appropriate analytical technique for these analyses. Thus, 
it was decided to resubmit for analyses, all of the samples 
reviousl anal zed b GC-ECO alon with new QC sam les. The 

resu ts o ta1ne or t e samp es or e o vs new method 
are found in tabular form in this memorandum as First Set • 
old method(GC-ECO) and Second Set • new method(GC-FIO). The 
averaqe recoveries for these are listed at the bottom of each 
table. 

It should be noted here that the poor recoveries observed for the 
soil samples, may result from dramatic differences in altitude between 
the samplinq site and analytical laboratory. Further, the soil used to 
make these QC samples is not truly representative of the ash samples 
for which they were intended, so the low recoveries may not be an 
indication of the reliability of data obtained from the ash samples. 
Then aqain, it may. 

cy: Peqqy Gautier, QA/QC. 
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UNIVERSITY OF CALIFORNIA 
CAE Project No: 3770 7-7 

WEIGHT SHEETS 



R 
D 
s 

R 
u 
N 

WEIGH SHEET ... 

W F 
T B I.JASH 
t IDENTIFIER T ML CORR. 

AS ENTERED 

GROSS TARE NET 
*~*************************************************************************** 

0~ 

02 
03 
04 
05 
06 
07 
08 
09 
~0 

~2 
~~ 

04 
~2 

0~ 

05 
06 
~0 

02 

1-1 
2-1 
3-1 
1-2 
2-2 
3-2 
1-3 
2-3 
3-3 
1-4 
3-4 
2-4 
1-2 
3-4 
1-1 
2-2 
3-2 
1-4 
2-~ 

~ BLANK * 
2 81 
3 82 
4 83 
5 84 
6 B5 
7 B6 
8 87 
9 B8 
10 89 
~1 B10 
~2 BM 
13 811 
14 21517 
~5 21518 
16 21520 
17 21507 
~8 21509 
~9 21510 
20 21511 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
F 
F 
F 
F 
F 
F 
F 

100 
100 
170 
170 
140 
147 
140 
150 
150 
140 
170 
175 
160 

0 . .0000 
. 0008 
0. 0014 
0. 0014 
0.0011 
0. 0012 
0. 0011 
0. 0012 
0. 0012 
0. 0011 
0. 0014 
0. 0014 
0. 0013 

67. 5669 
66. 0277 
68. 9431 
68. 6401 
68. 4436 
66. ~587 
64. 0782 
67. 3314 
66. ~344 
68. 2562 
67. 0599 
106.3878 
65. 3717 
3. 8792 
3.8817 
3.8832 
3. 7718 
3. 8015 
3. 8133 
3. 8233 

67. 5622 
66.0097 
68. 9268 
68. 6204 
68. 4208 
66. 1389 
64. 0557 
67.3044 
66.0979 
68.2116 
67. 0461 
106.3481 
65. 3469 
3.8809 
3. 8715 
3. 8843 
3. 7732 
3. 8003 
3. 8131 
3. 8261 

. 00080 
0. 0172 
0. 0149 
0. 0183 
0. 0217 
0. 0186 
0.0214 
0. 0258 
0. 0353 
0. 0435 
0. 0124 
0. 0383 
0. 0235 
-0. 0017 
0.0102 
-0. 0011 
-0.00~4 

0. 0012 
0.0002 
-0. 0028 

•**************************************************************************** 
* NOTE: M~XIMUM ALLOWABLE CORRECTION IS . 0008 GR/100ML 

R 
D 
s 

R 
u 
N 

WEIGH SHEET ... .::1... 

1J F 
T B I.JASH 
t IDENTIFIER T ML CORR. GROSS 

SORTED 

TARE NET 
***************************************************************************** 

1 BLANK* B 100 0. 0000 67.5669 67.5622 .00080 
0~ 1-1 2 81 B 100 .0008 66.0277 66.0097 0.0172 
0~ 1-1 16 21520 F ------ 3.8832 3.8843 -0.00~1 
02 2-1 3 82 B 170 0. 0014 68.9431 68.9268 0.0149 
02 2-1 20 21511 F ------ 3.8233 3.8261 -0.0028 
03 3-1 4 B3 a 110 0.0014 68.6401 68.6204 0:0183 
04 1-2 5 84 B 140 0. 0011 68.4436 68.4208 0.0217 
04 1-2 14 21517 F ------ 3.8792 3.8809 -0.0017 
05 2-2 6 85 B 147 0. 0012 66.1587 66.1389 0.0186 
05 2-2 17 21507 F ------ 3.7718 3. 7732 -0.00~4 
06 3-2 7 86 B 140 0. 0011 64.0782 64.0557 0.0214 
06 3-2 18 21509 F ------ 3.8015 3.8003 0.0012 
07 1-3 8 87 B 150 0.0012 67.3314 67.3044 0.0258 
08 2-3 9 88 B 150 0. 0012 66.1344 66.0979 0.0353 
09 3-3 10 89 B 140 0. 0011 68.2562 68.2116 r0.0435 
10 1-4 11 810 B 170 0. 0014 67.0599 67.0461 0.0124 
10 1-4 19 21510 F ------ 3.8133 3.8131 0.0002 
11 2-4 13 811 B 160 0.0013 65.3717 65.3469 0.0235 
12 3-4 ~2 BM B 175 0.0014 116.3878 106.3481 0.0383 
12 3-4 15 · Z1518 - F - ·------ ·. , 3. 88~ 7 · -3; 87~5 0. 0~02 

***************************************************************************** 
* NOTE• MAXIMUM ALLOUABLE CORRECTION IS .0008 GR/100ML 



R 
D 
s 

R 
u 
N 

ILJE::I:GH SHEET * 
U F 
T B I.IASH 
t IDENTIFIER T ML CORR. 

z AS ENTERED 

GROSS TARE NET 
***************************************************************************** 

1 BLANK B 0. 0000 -------- -------- -------
l.l. 2-4 z Z1512 F ------ 3. 81.95 3. 8184 0. 0011. 
03 3-1 3 Z1513 F ------ 3. 8Z82 3. 8281. 0. 0001. 
08 2-3 4 21514 F ------ 3. 8320 3. 8299 0. 0021 
09 3-3 s 21556 F ------ 3. 9627 3. 96Z0 0. 0007 
07 1-3 6 21557 F ------ 3. 9449 3. 9441 0. 0008 

7 END ------ -------- -------- -------
8 -------- ------ -------- -------- -------
9 -------- ------ -------- -------- -------
10 -------- ------ -------- -------- -------
11 -------- ------ -------- -------- -------
1.2 -------- ------ -------- -------- -------
13 -------- ------ -------- -------- -------
14 -------- ------ -------- -------- -------
1.5 -------- ------ -------- -------- -------
16 -------- ------ -------- -------- -------
17 -------- ------ -------- -------- -------
1.8 -------- ------ -------- -------- -------
1.9 -------- ------ -------- -------- -------
Z0 -------- ------ -------- -------- -------

***************************************************************************** 

R 
D 
s 

R 
u 
N 

ILJE::I:GH SHEET * 2: SORTED 

LJ F 
T 8 I.IASH 
t IDENTIFIER T ML CORR. GROSS / TARE NET 

***************************************************************************** 

l. BLANK 8 0. 0000 -------- -------- -------
l.l. 2-4 z Z1512 F ------ 3. 81.95 3. 8184 0. 001.1. 
03 3-1 3 21513 F ------ 3. 8282 3. 8281. 0. 0001. 
08 2-3 4 21514 F ------ 3. 8320 3. 8Z99 0. 0021. 
09 3-3 :5 21556 F ------ 3. 9627 3. 9620 0. 0007 
07 1-3 6 21557 F ------ 3. 9449 3. 9441. 0. 0008 

7 END ------ -------- -------- -------
8 -------- ------ -------- -------- -------
9 -------- ------ -------- -------- -------
1.0 -------- ------ -------- -------- -------
l.l. -------- ------ -------- -------- -------
1Z -------- ------ -------- -------- -------
1.3 -------- ------ -------- -------- -------
1.4 -------- ------ -------- -------- -------
1.5 -------- ------ -------- -------- -------
16 -------- ------ -------- -------- -------
17 -------- ------ -------- -------- -------
1.8 -------- ------ -------- -------- -------
19 -------- ------ -------- -------- -------
Z0 -------- ------ -------- -------- -------

***************************************************************************** 
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IDENTIFICATI~ TFB 

1 BLANK B 

2.154~ r-2 

Z.IS~ 1 
l 

~{=-

Z..l$50 

&t 
/!, 

~ 
--: 

'· -- t..ISS/ 

~ 5 

" . ( Z..I5SZ... 
f-6 

Z..l :>s-3 
F 

7 . 
: I 

2..1 s-s-4 . 
~ 

8 

Z.t~S~ 
~ 

9 

.. 3-t-AS"- ~ 1-15Sb 

r--1. ,_ 
' 10 

·"""" .. ~ 

l-. 3 -lAS:. 1 l1$S7 rj-
~ 11 

.. -- .. 

HL. 

CLIENT L~ AL,4A10S N~ L .. 

PLANT WS7t.=- &4N1}-4<.:.#l<:l.NT 

UNIT INC~?<Jt7c" 

RUN~---

WEIGHT SHEET 

WASH 

CORR. GROSS TARE NE 

- - - -

. -

-

" 

5 .. 16t..( . 5.'1,/? 

" :S. 9" z~9~ Z 3. 9tlo ~rr.ooo·. v , ~ 

:I.7J./4K' .S, 144/ -
I ~ ~ -9ti47 .3 .. '!44/ t\ .ooo< 

I 



. .. . 
. ·• .. 

RUN 

BALANCE . ....,..._ _____ _ 

OPERATOR j · fuM;'u5cK£; 

DATE f-4: -f(;, 

SI~~ET I L OF_>"---

I WT.I FILTER I OR 
IDENTlf lCATlOtl TFB 

. 1 BLANK 8 

vz_.!1541- l!S"O 7 
2 

' ~ ts\ 

~lA'JlL 
2-tS""O[S 

3 f 
~ Z. t So( 

-~- -.:: 

1..=-ll\5 , ~ '+ f 
\L\ 

cP 
~ 

~v 

' - Z..lr;-to f A}L.-~'"'5"" ' 
s 

r:< 
z.. ./-l 2..1 s-1 I 

L. Jt.I/L·I- M.f-~-F 

~ f 6 

t...'l\-.M~ .. 'l Zt~IL 
~ 7 ~ ; 

3 
7 

Z.t~/5 
. 

. .' l-1/111 L-1-M.S-J'Z::, 8 ~ 
~ 

.. _.·, 
- ~ 

.... ; . 

.. 'h .. 

j ·tt()· z. 9 

J 

~~ ·-·lo ·· 

11 
. _., .............. ---.· 

Zt:)IL/ 

d ~ 

Zl)l) 
_ .... -.. --.. -------- ·--··--

f 

2-1 ~ /(:, 
~ 

. _.., .. , - ~· A'T.'-t • •. - . ... .......... 

CLI~NT _____ _ 

PLANT _______ _ 

UNIT _______ _ 

RUN d __ _ 

WEIGHT SHEET 

WASH 

ML CORR. GROSS TARE N£" 

- - - -
:s .. 77 1e '3. 77 32... 

~ 5- 77(6' 3.773Z .. --0014 

s-7<Jo? 
3. ?g-6_ 7 

3. iO ( Z.. 3.eo(.) z.. 
?:oo f'3 .J. 8003 ., .. oo IZ. 

fr 3-~0/) T_B" 

.f~ fi ( '3?, 3~8130 

3gt3 3 3-&"1 ~ J 

J. ¥2.34. 1 J.8z.' o i 

tr s.e-z '33 3.fZ.(, / ... -.ooz...& 

3, gt7!:) 3.SI8'3 
3. 'ifls- 5 .f( 1'4 

-
1-S l...<iS J.K Z~l 
~.~z zo ~.fZ.B'J * . ooot 

~ 3-2'2-82... 

S.i"5Z I ~.r z '' 
*15-~ !z..o g,gz97 *' . ooz.. 

.. 

/ -~-9~!kt..7~ 3.-' Z.··l.-Z-·----· f- . 
\.... ~ /. ... 3-ttzz_~ 

/ 

3, S'tl ft.. -
I .>.g-_1_~1 

I 1 
. . · ':"• .··.· . - -a-~ .,. ' • • lo• • • '),-,.. ~ •• 



BALANCE. ______ _ 

OPERATOR J 6M.AJ> liS l.CU 

DATE 7-4 - B-(. 

SHEET I ~ OF_>"----

RUN I WT.I FILTER I OR 
JDENTIFICATlOf-. TFB 

. 1 BLANK B 

,- .... \ Zt~17 
~ ~,~~ ' 2 ~ 0i r~ 

\.-~\., ... ~"' 1'\5") z..,~tr y 
l 

d v 

2..1)/( 
F 't 

/ 

~=#=-/ / Z. I) Zo ~ 
L.\'V\.-t-M5- 1- F. 

~ 5 

lANl ~~-hK- ) 1 

M ,6 6 d" 

I II 
g 

. 

-a-- -ll.=. E 

• 
~t---4 .. ~2 

9 
l ' 

; 
ci 

. ble~" k. 

CLIENT _____ _ 

Pt-ANT _______ _ 

~tHT _______ _ 

RUN a. __ _ 

WEIGHT SHEET 

WASI-l 

Ml CORR. 
GROSS TARE Nt 

- - - -
:I&- .. - -= 3.flgo8 S.F7'tZ.. ~-o ~~ '-

~ j.g 771.. s.s 3 .. _gf' 09 -; -.oot 

3,ggf7 3.~ 714 
3-A~I7 -s.g 71S 

-g_ g<J 3 3 ! -8'8' 4 z._ 

lc 5-!83'L 3.ggLts~~.~ -. O(.) j 

r...) 

t?s- .f.9G . 'S~,') q I iO&. ~~ Y !:;-·. 
/()/.. 5fl7Jf !tX-~A-S I 
fDb, 387/? 

l. ~ 117 

Z.'}/s7 

/60 b~: s ?ts- ~c;-. 54Co 
6·Y.!717 ih5 -5>4 "l 

c b. '3'160, 
1 ao 6 r.s t. c. z b 7- _>r; 17 

I 

J .. l-· B ~) * 6 7- t:;(, 6 7 b_?. Sb lb ~ k .oo~. \ 

: 10 (oeoo a-,1,. -
'/, S"~ z.1, j, 

¥\~ ~~(\)l,~ 2 6 
uo /o 7 .. 5205 !/07,o-zo I 

7 A ·' • I A A{ tc 7-s zos- I I o 7. 5" 2.10 ~, ) "J I 11 I ~ . - .. ·- " .. ' .. 
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FIELD DATA 



I 
i t 

ORSAT READINGS 

Job: los ;fk,,_,f?C:J ,(/.,l?en-q/ f#)£or4f.,,·,~s- c~,.,..,..,/~/) Date: &J- 'f-f"' 

J,;..JitcWJft't{PI"' - Sr12~f 
l._,.NL-1-!15"-f {("D.,/t-!?~4 / ,("., I j 

Test No.: L~IVL-I-r41S"-z f~wJdt;n I f, ... z) 
LA-#L- ,_ Ms-..3 r r~ .. /,ft#:..; Rl4,. 3) 

Time % CO:z % O:z 

.tr.Jt..-1-MS 1--l 
B.,c. I 'f.7 /7~ '! q, ( 

&~( t l'-lo /7· '! '1-Z 
"' 

{3tl c; z. Orb /7, t Cj?.. 

15tt( 'l f.b /7-0 7. 2. 
" 

L!A-.VL- !-hiS 1--2 

'·' /7· r 8uc f Cj. 2. 

&~! r.~ /7·0 C).?, 

&:z. X_ .1,._ /7,7 O,,J. 

{j;(, T·b n.1 q .;( 
., 

L ttVL-1-~S 
·B~J 

3 "!--, rz r Cf,l· 

lJr;s I 1-b 11- ~ q_?.. 

~l 2. 
I 

1~l D.f'_ Ci'.l 
v 

f;f(! ~·6 f']g' 'i-l 

Average 

% co 

I 

. 

.. :·". ~· 

-::::i 
0 
• 



LAtJL -1-M£"- I- c>t~t4r-flot.>Tt-tte 

13AGr 1 

LANL-_ i- ~~~- -z __ _. O£csA1 :-:_f"\_ot~flA_Af_ 

B.A<:r\ 

[.3. tA- ~ -z_ 

e.o-ztO--z.. 
ll_ f 
,,, £' 

&tGr 1 

(02 4- 0'2. 

- 11.~ . 

0'- c."1.. co,_ ~Oz._ _ oi. 
Cf.l (.G 117 __ q,( 

\7.~ - 1.1_ ----~·(:, _______ ------ 11·1. q.l 
. ~- -

S, !ceq _C.,~(~({~~-- _!_!.(, o'b- __ _ :{.,fw6~r __ (/~ ~ _- ..?_r.:r __ 

L /r (IL_-l--rt-~(~3 _-:-__ o_~5,.f[_ = t11(}t~ Ttl_tt/Z..____ ____ _ _____ _ _____ ____ _ _ __ _ ___ __________ __ __ _ ____ _ ___ _ 

__ 13/~l ____ ____________________ _____________ Btttrz _________________ ____________________ _ 
COz.tO~ ____ b'l...-- _____ Co..,_ ____ ______________ c.,q"'L..,_C?_-z.. _ 0 Ce> .. · -:-l_ _____ -- {_ .. - ---

t7. t ~- 1 _ .Y. 7 ______ ''-·- r _ - 9.1.. ___ ·- -~' 6 -- -----

17,r_ -·- _j.'Z, t~ -- -·- - -------- -- rz~~ -- J ~ ·- ----· _(. C, --



ORSAT READINGS 

Job: LOt? Afet""''!. Vs.-h~( L~~oro.iz;rn~S - CchtrolfeJ 

tf-,f-.l:t-tcc"'ersfer ~ 5-f~~.c~ 
I. A-N L· Z..-<11,,5"-C 
L.4PL.-~-~ -2 

Test No.: L.A.WI.- Z.- t!S" -~ 

Time % C02 

l.J ~I.. -1.-~S- I 

B-~.~ l b.O 

~~I Lo 
En~-z. to 
j3..,'"1 fa· 

£tft'-"i ,e/ ,, ~-r.r,. 
~ v F 

% 02 

I~-~ (0. '1 
I l. t{ /(J. CJ. 

rO.J (0.'-( 

If C( (0 l( 

,,.,,..;"' 'r;c,-h,. 44,,;.-
v 

Date: 

% co 

j 

'2., !:{ ..... ( 

L. ., tJt..-2-f15...Z 
Lo ,ty I D. 1..\ ~~:~c.J . 

&cf F,.Q l K -~ /0.~ . 
v 

A.cZ. x,o 1~.4 /0.4 
v 

<l·O i~.l{ /O.Cf . B4 \.l. 
v 

s·,lcd~C"-\e.l M Jl.,- fl·C ,,.. ... , .. , .. If,_() ~ 11·~- ~9t. 
It VL-'L-~~ !> -' - -

!'lor I r.o It~ (Dr~ 
L. 

.. 
~"C\. I ~-0 t{.\(. tO.~ 

~ 

~o\(.. c.: 
.... 

~0.{ '1., 
~ 

S ,/lrl"J c 0 I c.c li..- l~-C. '" D1 'lc.fY 1&.0 ("_ tiJ - ~Q~ ,_ d 
" u 

Average . -.. 

&J-~-!6 

. 

:J 
c.c ... 
-:J 
0 . 



.. 

L Pm. 

L -~ 

L AI 

. ORSAT READINGS 

Job: lo~ Alrp, .. o~ V(l.f,o~'Q\( k\?1r~+u ;-e- Cc:"'t _..o UP!\ Ati--

1~'"'e-r.J-oor - ~-l:r:..tt c;."""\fliC~,. 
\.AavL.-1-1"\!;- I 
i.liNl.- s-II•S-z 

Test No.: \..AN\.-3-M,--l 

Time % C02 

v>-A,S"-1 
~.o \?,(\~I -

l)t\~ l {, /) 

f;c;.< 2 1-0 
v 

Oe. <. z_ g.o 
v 

5Jtce; t e( ~Qii, - l'i 
" 

wt.e;.~'"i . 1.~ 
v 

(5..'11 7,, 
v 

~~"1.. "1·' 
-1\~"'L ?io 

" 

L-l-!11{-~ 

~"' 
1.(, 

" 
~cd ==b«1.~ 

.... 

B"<\ 1 · 1-C.. 
v 

g~l- 1(.. 

% 02 

I?>. I I 0 d 

It I 10· I 
I (, I . IU- \ 
If. ( l 0 I I 

, ... ;. , fi_O,"''"' 

ll, c /0 ,o 
p,t, ttJ,{). 

w- 10-(/J 

17·b ,a.o· 

\l, 1 l 0,?.,; 

n.~ I D, 1. 

\"'- r td, L. 

(1,[ (u'b-

Average 

Date: 

% co 

t- JF? 

,. 
I( = >t /.;c. c. • If:. Gcu-. - , 

u .J 

'/t.r ·-· ... 
: ·. 

J c.. .... l-{ z t' I.. b . .;..; 1-

II 

-.. 

m -...J 
(C 

~ cl•ca c.-el ~ "';. - 17· I :J 
Cl) 

~(6 (!) 
'""'C 

1""-Pc..,it.- u.o."'" ..... 

:J 
lC .. --...J 

0 . . 
I 



B"'J z. 
"ct -{"'U/ 
(>'4~J. 

L. 

. ORSAT READINGS 

Job: I ,s Ab.d!ez~. licdto6C. {l4lacveizc;Gr 
c, ... +.,c\lPJ A.( l~q ... e~s.io~~".L 

L~~l.-1{- {'II)- ( 

Urtll- 1.(-M~- 'L Test No.: ____ .,.. 
Llr'AIL·'\-MS' -~ 

Time % C02 % 02 

I NLP~-~~'1 S-f fl,~,"' I l'b.2.. ., 

I Z..'f 

5.1,, .... ~ 

~I ~-f (l· 'I 17...'-t/f> 0 

R.)_ {,.Q I~· L \Z-2 

B~,"'-t. (.,.0 J3 w l 12- 2. 
.~ Ill ··lh~r-1. {},,, L 

""""}.(} If.~ f,711:~ : 
v r> 

~'I"\ :n f1· ( '!:l t" 'J "> ~I 'C. 
B11c., r 7-0 I 0. \ /l.t H 2 0 

Bc.~ 7-0 
. tr.o 1(,0 

J 
f<t .?.. &<z :1~ ll·O 

Vt-.. ~·Ats-;, 
g., I Y. o if. l. (0 -1.. 

v 

'P.>aL J 8. 0 ·t&. l. I V-1 
ov, fl( JU 17 ? 
LK4~'-

..... I • •_...-

n " I ' IG'\ .J. . - , 
~h--L ~-- 1_()_· .!' I ( • (, 

f) u {'__, -• tT f, .., 
Utf.. '- \U, '- j_ I'~ , .... -

'"' 

Average 

,;\.-
' ..•.. 

nate: 'iblfb 

% co 

u.~ii..- lit,~ 

~'1~ -;. '1'2. /... 

1'- ~~1-1 ~~ 

~- !7~? 

.. ~ ...... 

Jt f,c~ 'i...q -/[.'I 

#-~~~ ~7'7 
v 

--..J 
0 
• 



'f.<:~~ IJ.,.,J DATA sa:=_-r ;ftl" .:n... 

1 Pl.ant LANL .17 ) Heate~·· Bi.JX Settinq 250 ,., 
Loc.:ltior. Outlet .18 ) Probe L"?ngth ··, ,. F.,. ';) 

"- w 

3 Operator· J. Bal.3buszl<o .1 '1' ) r4oz zl·::-! O.i.:~met.er ··, ' I r1. €•. 313 
4 D.ate 9/4/86 20 ) Probe Heater· Sett.i.ng 2.50 . .,. 
• J ) Run No . 1 21 ) ~{ 02 9. 2 
6 ) Sample Bo:< r4o. 22 ) ., 

•'• coz 8. 6 
7 ) Meter Bo:·o: r4o. GG 23 ) Ml. H20 296 
8 ) Meter H@ 1. 807 24 ) GM. Si.lic.:3 Gel 12. 6 
9 ) K F.actor 8. 3 25 ) Total 3e5. t. 
10 ) Pi tot Fa·=tor 0. 84 ~~6 ) !3tart T.itne 1=10 Pill 
11 Leak Rate Bef•:Jre 0. 005(!17 27 ) Finish Time z:45 pm 
12 Leak Rate After e. 000(!12 28 ) 'fd: ~.9999 

13 ) St.:1tic Pres., in H20 0. 5 29 ) Stack At~ea ~). 7773 
14 ) A111bient Temper.:Jture 80 30 ) Sampling Time { MHI/PT) 4 
15 ) B.:trometrir.:: Pressure 23. 19 3.1 Initial '.J•:Jlume 95. 76 
16 A ·s ·; IJI·ne d Moisi:.ure, :::: 38 32 ) FILTER ~ BEAKER *' ,-.:.; Z1520F 

818 

Pt. t: Va c. T·:; OPs DH Vtn Tb 
~~~*********~~~~~*************************************************************** 
~_:. - 0 95. 76 .J. s.:.labuszko 
1 - 1 4 12 220 0, 19 1. 2 98. 59 94 91 52 245 116. 2 * 
LEAK CK 98. 71 
1 - 1 4 6. 5 220 ~~- 19 0. 78 101. 0.1. 9<:> 'i'l 54 ::•3:] 94. 7 
1 - ~, 

"- 4 6 22:~ ~). 17 0. 70 103. 25 8<;;' 90 61 :2.48 97. 8 
- 2 4 6 

..., .. , . .., 1::0. 17 0. 70 10~.5. :35 89 90 ,s:; :~:;"~ 91. 7 .::.. .::... .~:.. 

1 - 3 4 7 214 lo), 19 0. 78 107. 64 90 89 6~) ::132 94. 0 
1 - 3 4 9 208 lo). 24 0. 98 110. 17 B•? :39 58 2!56 92. 1 
1 - 4 4 9 197 lo). 23 0. 94 112. 64 86 87 58 274 91. 5 
1 - 4 4 8 182 lo), 20 0. 82 115. 0~' .:.. 82 84 59 2:37 94. 1 
2 1 4 6 216 0. 16 0. 66 117. 10 81 81 64 278 94. 6 
2 - 1 4 7. 5 218 lo). 20 0. 8? .... 119. 43 80 81 58 250 95. 1 
2 - 2 4 7 219 0. 17 0. 70 121. 64 80 81 56 258 97. 9 
2 - 2 4 6 220 0. 15 0. 62 123. 72 80 80 56 2;~2 98. 2 
2 - 3 4 8 219 0. 17 0. 70 125. 83 80 79 57 2'118 93. 6 
2 - 3 4 5 200 0. 12 0. 53 127. 74 80 79 57 278 99. 4 
2. - 4 4 4. 5 191 0. 11 0. 45 12:9. 51 79 78 58 260 95. 7 
2 - 4 4 5 181 0. 13 0. 53 131. 38 79 78 58 246 92. 3 

******************************************************************************** 
64 209 . 415 . 74 35. 5 84 

Total Avg. Root Avg. Volume Avg. 

• • ~ f ..... _ .... _, •.. • ·-. - -·· ·-· • - .. -~ .................. .,.~.,-·-----·· - ...... ;~·- ............ --~-. -·~ ... ··--·- ......... - .. , .. 



IF-<~ ,J!!-9 W 0 A T e!-"!Js s;r.::-·T :fl~: :2~ 

1 P.l.:.tl'tt LM·II_ .17 ) Hs.:·a t2t' Bo:.1>-: [:~~~ t., ~~ .i .. i'i :J 2~50 
~. .. :. Loc,ltion Outl•?t 18 ) Pr·ot:e:· l._et·l~Jt.h ··. 

,. F7 •. 3 
=4 > fla to?. 9/4786 :.!:Q) } ~r·ot:·e H,;,i.ater· · s."~hin·:;; 250 .. _ 
,. 
,J ) Rut1 ''"::!. 2 21. ) ~' 02 ~'. 2 
t. ) S.ltllple 8o:.: r·lo. 22 ) ., C02 B. 6 ... 
7 ) Meter Bo:~: No. GG 23 ) Ml. H20 395 
8 ) Meter Htit 1. 807 24 ) GM. Sil' c.:o Gel 1.4 
9 ) K Factor· 4. 1 25 ) Total 41-}9 
10 Pi tot F d o::tOI"· ~}. 84 26 ) St.:~rt Time 6=52 Ptll 
1.1 Le.:ok Rate 8 E·f 0 t"•?. IO. 005@17 27 ) Finish Time D=15 pm 
12 ) U.:!al' Rate Aft(~t· 0. 000@7 28 ) '(d. ~~. 99 179 
13 ) Static Pres. I itl H20 0. 6 ~~9 ) Sta d< At·"'~:.:. ,), 777'3 
14 ) Ambient Temper·ature 30 ) Samplit19 Time <MHUPT) .,. 

• .J 

15 ) Barometric Press•Jre 23. 08 31 ) Initi.~l Volume 31. 71 
16 ) Assumed t1oisture, •.. 

•'• 32 ) FILTER ~ BEtd<ER =D= / \0:: ..• 21511F 
B2B 

Pt. * 0 Vao:. T·;; OPs 01-1 Vm Tm itl Tmout Tc Tb i::I 
~***********~~***•***************************************************~********** 
0 - 0 31. 71 ._!' Balabuszko 
1 - 1 5 6. 5 220 0. 22 0. 90 34. 79 85 88 51 2:J~~ 96. 2 
1 - 1 5 7 221 0. 23 0. 94 37. 92 82 86 5~) 245 96. ':> ,_ 

2 5 6 224 lo), 21 0. a,-:, 40. 87 81 85 5~) ~~40 95. 2 
- 2 5 6 225 0. 21 0. 86 43. 86 8~!· 84 51_ ~~34 91-•. 8 

'.. 
3 5 216 lo}. 19 0. 78 46. 71 81 83 5(~ . -, ... ,"' 9t!) . ~.> 

~ - 6 ~-.. ...J~ ~~ 

1 - 3 5 C' 
...J. 5 21.4 lo). 18 0. 74 49. 47 80 8·-:> .:... Sc.: 23~"' 95. 8 

1 - 4 5 5 203 lo). 16 0. 66 c·~ ;.u:.. 09 8!;) 81 51 252 95. 8 
1 - 4 5 5 187 0. 16 0. 6.:!, !:'i4. 79 79 80 ..... ..., 

..J<.. 251. 97. 7 
2 - 1 5 ..., .... ..,o""J 0 . 

..,,., 
0 . 90 57. 87 77 79 <::'~> 251 97. 9 ( .::...'-..::... ~c:.. ..J<.. 

2 - 1 5 7 223 0. 22 0. 90 60. 85 77 78 51 242 94. 9 ... - 2 5 5 226 0. 17 0. 68 t.3. 51 T? 78 54 241 96. 5 '-
2 - 2 5 5 226 0. 17 0. 68 66. 14 77 77 .,.~, 

..J,J 243 Q>=' 
'..J. 5 

2 '"' 5 IE= !§ 214 ~. 16 0. ' ·' 71. 3~ =n =n §6 253 ~6. 3 - 3 ..J. 6·S 
2 - 4 5 4 196 0. 1.2 0. 49 73. 61 76 76 56 243 96. 5 
2 - 4 5 4. 5 182 0. 13 0. 53 75. 94 75 75 56 242 93. 9 

******************************************************************************** 
80 213 . 425 . 74 44.23 79 

Total Avg. Root Avg. Vo1ume Avg. 

I 
I 

-- .... -. • .·-<o •.,·- • • ·~~- ... -·_· •- ~ .-'"'-·-·r __ .,.---~ •- • ~ • 



HAW DATA SET =It: 

1 Pl.ant LANL 17 ) Heater 8l'J )( Setti:rag 250 .., Location Out.h~t. 18 ) Probe Length·· 1 ' Ft. ':) .:.. .., .. , 
.:. Operator J. Ba.l.abuszko 19 ) Nozzle Oi.amet.er ·· 1 . !.n. ~~·. 313 
4 ) o.ate 9/4/86 20 ) Probe Heater Settir1g 250 .,. 

) Rut1 No. 3 21. ) ., 02 9. 2 ...J .... 
6 ) Sample Bo:..; 1'40. 22 ) '~ C02 8. 6 
7 ) Meter Bo:•: No. GG 23 ) Ml. H20 385 
8 ) Meter H@ 1. 807 24 ) GM. Silic.:. Gel 14 
r:· ) K Factor 4. 0 25 ) Total 399 
10 ) Pi tot F Cl•=tor 0. 84 26 ) Start Time 9=25 P•ll 
11 Le.ak Rate Bef'•:we 0. 01CU4 27 ) Finish Time H): 45 pa1l 
12 ) Leal-< Rate Af"t·~r 0. 01@15 28 ) Yd. 0. 9999 
13 ) St.:lt.ic Pres., in H20 0. 5 29 ) Stack a:'-tre.:. ~). 7773 
14 ) Aallbient T etnp•::n-.a ture 55 30 ) Sampling Time (MIN/PT) r::' 

...J 
1c:" 
··- ...J 

) B.:.t~ometr .i ~: Pt·~~·ss•Jre 23. 08 31 ) Initi.~l '..I•:Jlume 77. 50 
16 ) A·:;sume•J iloi-::.t•Jre, i!: 32 ) FILTER ~ BE~\?:.Ef,: .,~, :5 2.151.3F 

838 

,;·t. :IJ: ~ Va·=· Ts OPs OH Vm Tm in TaiHJUt T•= !D %I 
~***************~*************************************************************** 
e· - 0 77.50 .J. 8-:slabuszko 
1 - 1 5 B 214 0. 22 0. 88 80. 49 65 65 60 :~53 97. 5 
1 - 1. 5 8 221 0. 22 0. 88 83. 46 65 65 C''"> 

...J.:.. 251 97. 4 
1. - 2 5 8 225 0. 20 0. 80 86. 34 66 65 50 :~48 99. 2 
l - 2 5 8 . ., . ..,c.,-

lo). 20 0. 80 89. 28 66 65 53 244 1~)1. ':) 
'"-.!.·J '"' 

1 3 5 6 220 0. 1.7 0. 68 91.. 84 67 66 52 241 95. 1. 
1 - 3 5 6 214 0. 1.6 0. 64 94. 42 67 66 52 244 98. 3 
1 - 4 5 5 196 0. 1.4 0. 56 96. 81 67 66 51 247 96. 0 
1 - 4 5 5 184 ~). 14 0. 56 99.19 67 66 51 247 94. 7 
2 - 1. 5 7 221. 0. 19 0. 76 1.01. 97 67 66 52 243 97. 7 
2 - 1 5 7 224 0. 1.9 0. 76 104. 71 67 66 51 249 96. 5 
~ - 2 ,;_ 5 7 .., . .,~ 

G.~~ 0.17 0. 68 107. 35 68 66 52 242 98. 3 
2 - 2 5 7 226 0. 1.7 0. 68 1.09. 99 68 67 52 244 98. 3 
2 - 3 5 6 209 0. 15 0. 60 11.2. 48 68 67 52 248 97. 4 
2 - 3 5 6 206 0. 1.5 0. 60 11.4. 98 68 67 52 243 97. 6 
2 - 4 5 4 198 0. 12 0. 48 11.7. 22 67 67 52 247 97. 2 
2 - 4 5 4 184 0. 1.2 0. 48 1.19. 47 67 ..... 

01 52 253 96. 6 

******************************************************************************** 
80 21.2 . 41 . 68 41. 97 66 

Total Avg. Root Avg. Volume Avg . 

. . ··-~ •; 
~ ... I . 

. -.···. 

_,_·:. 



f7~ ,r::4 JL..,ll 

1 ) Plant 
2 ) LocatiOt""l 
'"' .::. ) Opera to:--
4 D.:te 
o::-

RUI'\ N(l. ~) 

,s ) sa.uple 8o:•: He•. 
7 ) Meter Bo:•: l·~o. 

8 ) Mt::!ter- r;::; 

9 ) K Factor 
10 ) Pi t•:Jt F:: ct. or~ 

DAT.f-'-11 SET ::Jill: 

LAt·IL 
Outlet 
J. Bal.::.buszko 
9/5/86 
1 

GG 
1. 807 
3. 9 
0. 84 

4 

17 
18 
19 
20 
2.1 ) 
. ..,,., ) .::..~ 

23 ) 

2·4 ) 

25 ) 

26 ) 

Heater Box Setting 
Probe Length··, ' Ft. 
Nez z le Diameter'. 'In. 
Probe Heater Sett~ng 

i~ C02 
Ml. H20 
CM. Silica Gr-l 
Total 
Start Ti111e 

250 
•::. 
o.J 

€•. 313 
250 
1Ci.'o. 4 
8. ~) 

295 
8. 8 
303. 8 
;;;·: 50 cllll 

Fini.sh Ticne 11:20 am 
12 ) Leal-< Rate· ?-i ft •:?t' 0. 01@17 28 ) Yd. 0. 9999 
1~:. 

o.l Static Pr-es. , i.n 1-120 0. 1::" 
,J 29 ) Stack Area 0. 7773 

14 f·llllbien t Tempet•.:~tut•e 30 ) Sampling Time <MIN/PT) 5 
15 . 

•' Barometric Pre·ssure 23. 05 31 ) Initial Volume 19. 71 
16 Assumed t'lois.tur·e, •.. 32 ) •'• FILTER & BEAKER t'S 21517F 

B4B 

- ... i 0 u-- T·::.; OPs DH Vrn Tm in Tmout 
,.._ Tb :a .. Q ·-· . ·-

~**********~***********************************************•**~*~************* 
~; - 0 19. 71 . .J. B.alabuszkt."'J 
1 - 1 5 4 220 lo). 1~' 0. 74 Z2. 47 65 64 46 ~~41 9~' .:... 7 
1 - 1 5 4 222 0. 19 0. 74 25. 22 66 64 42 244 92. 4 
1 - ..,. 

5 4 225 lo). 17 0. 66 
..,_ 

8.1 68 65 42 .-'1C"::::"' 91. 9 '- .:.. (. ..:..-~...J 

1 - 2 5 4 . ., .. , , 
.::..~0 Co), 16 0. 62 30. 32 70 66 42 -~C"-"'1 

.::......J .. : .. 91. 6 
1 - 3 c.-

'-J 4 22.1 Co). 14 0. 55 32. 69 71 67 43 249 92. 0 
~ - 3 c.-

'-J 4 21l3 0. 14 0. I:"C" 
~...s 35. 09 71 68 44 251 92. 8 

1 - 4 5 3 206 0. 11 0. 43 37. 22 72 69 46 243 91. 9 
~ - 4 5 3 186 0. 10 0. 39 39. 27 73 70 47 251 91. 2 
2 - 1 5 5 221 0. 19 0. 74 42. 04 72 71 51 258 91. 9 
2 - 1 5 5 226 0. 18 0. 70 44. 73 75 72 46 252 91. 7 
2 - 2 5 5 228 0. 15 0. 59 47. 22 76 73 48 246 92. 9 
2 - 2 5 4. 5 228 0. 14 0. 55 49. 64 76 73 50 253 93. 4 
2 - 3 5 4 217 0. 13 0. 51 51. 97 76 73 51 254 92. 6 
2 - 3 5 4 218 0. 13 0. 51 54. 30 77 74 51 254 92. 5 ..,. 
,;.. - 4 5 4 203 0. 10 0. 39 56. 40 77 74 52 257 93. 9 
z - 4 5 4 198 0. 11 0. 43 58. 55 78 75 53 245 91. 2 

******************************************************************************** 
80 216 .379 . 57 38.84 71 

Total Avg. Root Avg. Volume Avg. 

·.· . 
/. 

. ·_).; 
- • .it"::• •• 



RAW DATA SET ~ 5 

1. Pl.i:lrlt LA"IL. 17 ) Heatet"' Ba}< Setting 250 
2 ) L•:JC.i:lt.ion Outlet 18 ) Probe Length·· 1 , Ft. 3 
3 Dper•atar .J. Balabus:d<e 19 ) ~~oz zle Oi.:Jmet.er '1 'In. 1:}. 313 . ) o.ate 9/5/86 20 ) Probe Heater Sett.il'lg 250 

. .,. 
5 ) Run No. 2 21 ) ., ... 02 1~). 4 
6 ) Saanple Box No. 22 ) ., .... C02 8. 0 
7 ) Meter Bo:-.: No. GG 23 ) Ml. H20 296 
8 ) Meter H@ 1.807 24 ) GM. Silica Gel 11. 0 
9 ) K Factor 4. 4 25 ) Total 307 
1r; ) Pi tot Fa •:tor 0. 84 26 ) Start Time 12:20 prn 
11 Leak R<1 te Bef•:Jre 0. 01G!17 27 ) Finish Time 1:40 Pnl 
12 :1 Leak Rate After 0. 01G!6 28 ) '(d. 0. 9999 
13 ) Static Pres., it1 H20 0. 6 29 ) Stack Are.a ~}. 7773 
14 ) .~mbient Ten1per.ature 30 ) S<impling Time <MUIIPT> 5 
15 ) Baro.-netric Pressure 23. 05 31 ) Initial Volume 58. 80 
16 ) Assuaned Moisture, ., ... 32 ) FILTER ~ BEAKER t'S 21507F 

B5B 

Pt. :1: 0 Vac. Ts OPs OH Vm Tm in Tmo•Jt Tc Tb :::;r 
**************~***************************************************************** 
~) - 0 58. 80 .J. F.lalabuszko 
1 - 1 5 6 2:33 1-}. 19 0. 84 61. 77 88 87 55 :278 95. 2 
1 1 5 6 2:33 0. 19 0. 84 64. 70 89 88 5") 243 93. 8 
1 - ,., &:' 6 2:35 ~). 17 0. '- .. J 75 67. 53 90 a·~ SA. :310 9"" ...J • 7 

- ~ 

'-
,. 
..J 6 234 ~). 17 0. 75 70. 33 91 90 54 290 94. 4 

- 3 5 4. 5 227 0. 14 0. 62 72. 91 Q':> ..... 90 57 :2:39 95. 3 
i - 3 5 4. 5 225 0. 13 0. 57 75. 39 93 90 58 248 94. 8 
1 - 4 5 3. 5 212 0.11 0. 48 77. 64 92 90 59 246 92. 7 
1 - 4 5 3. 5 199 0. 11 0. 48 79. 93 92 90 6~} 299 93. 4 
.. ., - 1 5 5. 5 2:30 0. 19 0. 84 82:. 84 91 ']0 59 :239 92. 6 c:.. 

2 - 1 5 5. 5 233 0. 18 0. 79 85. 75 91 90 54 262 95. 3 
~ - 2: 5 5 236 lo}. 15 0. 66 88. 43 93 92 58 267 96. 0 '-
2 - 2: 5 5 236 0. 14 0. 62 91. 04 94 93 60 303 96. 6 
2 - 3 5 4. 5 232 0. 13 0. 57 93. 56 95 94 61 264 96. 3 
2 - 3 5 4 228 0.12 0. 53 95. 97 98 96 63 263 95. 1 ,., - 4 5 4 220 0. 10 0. 44 98. 26 99 97 65 310 98. 2: c:.. 
- • - • .... .. " .... .. ""' "' • .. .. """ ... .. ""- -- I' ... ·""' .. "' -- -

******************************************************************~************* 
80 226 .378 . 64 41.71 92 

Total Avg. Root Avg. Volume Avg . 

.. ... -........ -·· 



RAW DATA S~T • 6 

1 ) Pl.;Ant. 
2 Location 
3 > Operator 
4 > D.ate 
5 > Rutl No. 
6 ) Sample Box No. 
7 > Meter Bo:•: ~io. 

8 > Meter H@ 
9 > K Factor 
10 > Pitot Factor 

L.e.ak Rd te Bef'•:Jre 
Le.:sk Rate Aftet1 

13 ) Static Pres. , in HZO 
14 ) Ambient Temperature 
15 ) Barometric Pressure 
16 ) Assumed Moisture, % 

LAI,IL 
Outlet. 
J. Balabuszl·<o 
9/5/86 

GG 
1. 807 

0. 84 
0. 02r]~7 
0. 02fH. 7 
0. 5 

23. 05 

17 ) Heater Box Setting 
18 ) Probe Length··, ·· Ft. 
19 ) Nozzle Diameter'··, 'In. 

.-. ,;:, 

€•. 313 
250 
1.~). 4 
8. 0 

20 
2~ 

23 ) 
24 ) 
25 ) 
26 ) 
27 ) 
28 ) 
29 ) 
30 ) 
31 ) 
32 ) 

Probe Heater Setting 

i~ C02 
Hl. H;~l] 

GM. Sili c.a Gel 
Total 
Start Time 
Finish Time 
Yd. 

13. 6 
3~)0. 6 
2' 40 P•ll 
4:00 pm 
~). 9999 

Stack Area 0 7773 
Sampling Time (HIN/PT) 5 
Initial Volume 2. 72 
FILTER & BEAKER t'S 21509F 
RAR 

Pt. :J: 0 v .. ·=· Ts OPs DH Vm Tm in Tmout T.: T...., ·-· i~I 

******************************************************************************** 
~~ 2. 72 · ... •. B,;•labu:.zko 
1 5 5 2:32 lo). 18 0. 79 5. 68 9'1' ~~9 68 299 95. 0 

1. -- 1 5 5 2:35 c;.~. 19 0. 84 8. 67 98 99 68 ~~G~) 9:--L 7 
1 - z 5 4. 5 2:36 lo). 18 ·~. 79 11. 55 9B 98 63 24~; 92. 9 
1 - ':> .... 5 4 2:39 lo}, 16 0. 7(1 14. 31 99 98 64 ;:;::GJ '?'4. 5 
1 - 3 5 4 2:34 0. 13 0. 57 16. 82 103 10<.~ 6(~· 247 94. 5 
1 - 3 5 4 2:32 0. 12 0. 53 1.9. 27 104 102 58 201 95. 6 
1 - 4 '=' .J 3 212 0. 09 0. 40 21. 43 105 103 56 276 95. 7 
1. - 4 5 3 205 0. 10 0. 44 23. 68 105 1.04 57 276 94. 0 
z - 1 5 4 235 0. 1.7 0. 75 26. 47 106 104 63 200 91. 4 
2 - 1. 5 4 239 0. 1.7 0. 75 29. 31 105 103 56 249 Q'"' . ,;). 5 
2 - 2 5 4 240 0. 1.5 0. 66 31. 97 106 105 58 228 93. 0 
2 - 2 5 4 239 0. 14 0. 62 34. 59 106 1.07 6~} 291 94. 5 
2 - 3 5 3.5 232 0. 1.3 0. 57 37. 10 107 107 61 . -.c.-c.-

~..J;;.) 93 . 4 t 

z - 3 5 3. 5 226 0. 13 0. 57 39. 56 105 104 61 238 91. 6 
2 - 4 5 3. 5 21.6 0. 12 0. 53 42. 02 1.04 102 61 308 94.8 
2 - 4 5 3. 5 208 0.1.1. 0. 48 44. 32 1.03 105 62 277 91. 9 

******************************************************************************** 
80 229 . 375 . 62 41. 6 103 

Total Avg. Root Avg. Volume Avg. 



RAW DATA SET • 7 

1. ) PLANT LANL 17 ) HEATER Box SETTJ:NG 250 
2 ) LOCAT:tON OUTLET 18 ) PROBE LENGTH, I 

, FT. 3 
3 ) OPERATOR J. BALABUSZKO 1.9 ) NozzLE D:tAI"tETER, I I IN. 0. 31.3 
4 ) DATE 9/6/86 20 ) PROBE HEATER SETT:tNG 250 
5 ) RuN No. 1. 21. ) % 02 1.0. 1. 
6 ) SAMPl-E BoK No. 22 ) % C02 B. 0 
7 ) METER BoK No. GG 23 ) ML. H20 381. 
8 ) METER He 1.. 807 24 ) GM. S:tl-:tC:A GEl- 1.8 
9 ) K FACTOR 4. 2 25 ) ToT A'- 399 
1.0 ) P:tTOT FACTOR 0. 84 26 ) START T:tME 1.0=35 AM 
1.1. ) LEAH RATE BEFORE 0. 005e1s 27 ) FJ:NJ:SH T:tME 1.1.=55 AM 
1.2 ) LEAH RATE AFTER 0. 01e1s 28 ) Yo. 0. 9999 
1.3 ) STAT:tC PRES. I :IN H20 0. 6 29 ) STACK AREA 0. 7773 
1.4 ) AMB:tENT TEMPERATURE 30 ) SAMPL:tNG T:tME <MIN/PT> 5 
1.5 ) BAROMETRJ:C PRESSURE 23.15 31 ) INJ:Tl:AI- VoLUME 45. 48 
1.6 ) AssuMED MoJ:STURE' % 32 ) FILTER ~ BEAKER t'S 21.557F 

B7B 

PT. t 0 VAC. Ts OPs DH VM TM J:N TMOUT Tc Ts XI 
******************************************************************************** 
0 - 0 45. 48 J. BALABUSZKO 
1. - 1. 5 7. 5 225 0. 24 1. 0 48. 72 72 71 41. 253 99. 0 
1. - 1. 5 7. 5 230 0. 24 1. 0 51.. 91 72 72 39 256 97. a 
1. - 2 5 8 233 0.23 0. 97 55.06 73 72 43 249 98. 7 
1. - 2 5 8 233 0. 22 0. 92 58.18 74 73 51. 252 99. 8 
1. - 3 5 5. 5 227 0. 1.6 0. 67 60. 83 75 73 58 261 98. 8 
1. - 3 5 5. 5 225 0. 1.7 0. 71 63. 56 76 74 58 256 98. 4 
1. - 4 5 5 214 0. 1.4 0. 59 66. 05 78 75 57 256 97. 8 
1. - 4 5 5 198 0. 1.4 0. 59 68.06 78 76 57 250 77. 9 * 
2 - 1. 5 7.5 230 0. 23 0. 97 71.. 19 79 77 53 262 96. 9 
2 - 1. 5 7.5 234 0.22 0. 92 74.30 80 77 50 274 98. 6 
2 - z 5 6 235 0. 1.8 0. 76 77.11 81. 78 50 251. 98. 3 
2 - 2 5 6 235 0. 1.8 0. 76 79. 94 83 80 50 330 98. 7 
2 - 3 5 5. 5 229 0. 1.7 0. 71 82. 70 85 82 53 284 98. 2 
2 - 3 5 5.5 227 0. 1.7 0. 71 85.44 86 84 51. 253 97. 1. 
2 - 4 5 5 220 0. 1.4 0. 59 88.01 88 85 52 281. 99. 5 
2 - 4 5 5 209 0. 1.4 0.59 90.55 90 87 54 251 97. 2 

******************************************************************************** 
80 225 . 429 . 78 45. 07 78 

ToTAl- AvG. RooT AYG. VoLUME AYG. 



' 

RAW DATA SET • 8 

1. Pl.an+. LANL 
Outlet 

250 
•;, 
~· 

2 ) L~·H:.ation 

3 I OpetAatar 
4 > Date 

J. B.alabuszko 
9/6/86 

1.7 ) Heater Box Setting 
1.8 > Probe Length', ' Ft.. 
1.9 Nozzl•::! Oi.:Hneter···, 'In. 
20 ) Probe Heater Setting 

€1 • 3.13 
250 

5 ) Run No. 
6 > Sampl·~ Eo:< ~-lo. 

7 > Meter Box No. 
Ma±-~.... ~n 
K Factor 

) Pi t.ot Fa .:tor· 1.0 
1.1. Leak Rate Eefot~e 

1.2 ) Leak Rate A~ter 
1.3 Static Pres., in H20 
1.4 Ambient Temperature 
1.5 Barometric Pressure 
1.6 Assumed Moisture, Z 

2 

GG 
1 Qf)l7 
4. 0 
0. 84 
0. 01.@1.7 
0. 0itU5 
0. 4 

23. 05 

21. ) 
22 ) 
23 ) 

~~ ~ 
26 ) 

) 

) 

29 ) 

27 
28 

30 
31. 

) 

) 

32 ) 

~~ C02 
Ml. H20 
CM Sl; 1 ; ,... =1 r.."" 1 
Tot a 
Start Time 
Finish Time 
Yd. 
Stack Area 

1.0. 0 
7. 6 
467 
1B .i 
485. 4 
5:07 pm 
6:32 pm 
0. 9999 
0. 7773 

Sampling Time (MIN/PT) 5 
Initial Volume 90. 77 
FILTER & BEAKER t'S 
B8B 

21.51.4F 

,-·t. t 0 Vac. T·:; OPs DH Vm Tm it1 Tmout T·: Tb i~I 

*********•··~~··················****************************~***~***•*********** 
0 - 0 
1 j_ 

1. 1. 
1. - 2 
1 
1 
1 
1 
1. 

3 
3 
4 
4 

2 - 1. 
1 2 -

2 z 
2 - 2 
2 - 3 
2 - 3 
2 - 4 
2 - 4 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

6 
6 

6 
6 
5. 5 
5. 5 
4. 5 
4. 5 
7 
7 
6 
6 
6 
6 
5 
5 

224 
225 
229 
228 
21.8 
218 
204 
189 
223 
225 
225 
226 
217 
214 
206 
189 

0. 24 
0. 25 
0. 24 
0. 24 
0. 20 
0. 20 
0. 16 
0.16 
0. 25 
0. 25 
0. 21 
0. 21. 
0. 21 
0. 20 
0. 17 
0. 17 

0. 96 
1.. 0 
0. 96 
0. 96 
0. 80 
0. 80 
0. 64 
0. 64 
1. 0 
1. 0 
0. 84 
0. 84 
0.84 
0. 80 
0. 68 
0.68 

90. 77 
93. 94 
97. 16 
100. 31 
103. 46 
106. 34 
109. 23 
1.11.83 
114.43 
11.7.62 
1.20. 87 
123. 82 
1.26. 79 
129. 76 
1.32. 64 
1.35. 32 
137. 98 

86 
88 
89 
90 
88 
90 
90 
89 
89 
89 
88 
88 
86 
86 
86 
85 

89 
89 
90 
90 
90 
91 
91 
91 
91 
90 
90 
90 
88 
88 
88 
87 

54 

53 
54 
57 
58 
58 
58 
59 
58 
58 
61 
62 
64 
67 
68 

.J. Balabuszka 
25~j 97. 5 
25B 96. 9 
259 96. 8 
255 96. 7 
264 96. 3 
2.!13 96. 3 
264 95. 8 
254 94. 8 
252 95. 6 
307 97. 6 
:Z68 96. 7 
263 97. 5 
298 97. 2 
272 96. 3 
257 96. 6 
257 94. 8 

******************************************************************************** 
80 216 . 457 . 84 47. 21 89 

Total Avg. Root Avg. Volume Avg. 



RAW DATA SET ::8= 9 

1 ) Plant LANL 17 ) Heater· Box Settit'•g 25~) 

z ) Location Outlet 18 ) Probe Length', ' Ft. 3 
3 ) Operator J. Balabuszko 19 ) Nozzle Oi.ameter'. 'In. ~). 313 
4 ) Date 9/6/86 20 ) Probe Heater Setting 250 
5 ) Run No. 3 21 ) ., 02 1~}. 2 ... 
6 ) Sample Bo:< ~~0. 22 ) ., 

'· C02 7. 6 
7 ) Meter Bo:•: No. GG 23 ) Ml. H20 280 
8 ) Meter H@ 1. 807 24 ) GM. Silica Gel 17. 9 
9 ) K Factor 4. 6 25 ) Total 297. 9 
10 ) Pi tot F.actor 0. 84 26 ) Start Time 7:27 pm 
11 ) Le.ak Rate Before 0. 005@17 27 ) Finish Ti.ne 8:50 pm 
12 ) Le.ak Rate After 0. 01(H6 28 ) Yd. 0.9999 
13 ) Static Pres., in H20 0. 4 29 ) Stack Area ~}. 7773 
14 ) Ambient Temperature 30 ) Sampling Time <MD~/PT) 5 
15 ) B-arometric Pt•essure 23. 05 31 ) Initi.al 1Jo:Jlume 38. 20 
16 ) Assumed Moisture, ., ... 32 ) FILTER ~ BEMtER :t'S 21556F 

898 

Pt. :1: 0 Vac. Ts OPs OH Vm Tm in Tmout Tc: Tb i~I 

~~~·~*******~~***********************************************~****************** 
~.) - 0 38. 20 i B.alabus:zka ·-· - 1 5 6 218 0. 22 1. 0 41. 39 73 74 5:::~ 246 Q':! 0 • -.J. 

.L. - 1 5 6 220 lo), 22 1. 0 44. 57 73 74 50 2 1i4 Q':) 8 . '-· 

1 - 2 5 6. 5 22l. 0. 21 0. 97 47. 69 72 73 51 -~ .. _ ..... , 
~·..Jt.:. 93. 4 

1 - 2 5 6. 5 222 0. 22 1. 0 50. 88 73 73 57 253 93. 3 
1 - 3 5 5. 5 213 0. 19 0. 87 53. 85 73 72 61 252 92. 9 
1 - 3 o- 5. 5 211 0. 19 0. 87 56.80 72 72 63 256 Q':> 3 ,') ...... 
1 - 4 5 5 200 lo), 16 0. 74 59. 5·~ 72 72 61 256 93. 2 
2 - i 5 7. 5 zia ~. !!!6 " :::r • 6~. 1~ ~~ 71 54 24§ ~i. 4 .t. .:.. tl 
2 - 1 5 7. 5 220 0. 26 1 ? .... 69. 11 72 71 51 25-:l 92. 0 
2 - .... .:.. 0: 

;;J 6. 5 221 ~). 21 0. 97 72. 27 71 71 50 242 94. 9 
2 - 2 5 6. 5 2.21 0.21 0. 97 75. 40 71 71 50 250 94. 0 
2 - 3 5 6 209 0. 20 0. 92 78. 43 70 71 5~) 259 92. 5 
.... - 3 5 6 203 0. 20 0. 92 81. 48 71 70 50 258 92. 7 .:.. 

2 - 4 5 5 191 0. 15 0.69 84. 14 70 70 51 260 9'=' '-· 5 
2 - 4 5 5 182 0. 15 0. 69 86. 80 70 69 52 254 9':> 0 ..... 

******************************************************************************** 
80 210 446 92 48. 6 72 

Total Avg. Root Avg. Volume Avg. 



RAW DATA SET ~ 10 

1 Pl.:mt 
2 ) Location 
3 > Operator 
4 > D,~te 
5 > Run No. 
6 ) Sa111ple Eox No. 
7 ) Meter Bo:•: No. 

? > ~-ractor"" 
10 Pitot Factor 
11 > Leak Rate Before 
12 ) Leak Rate After 
13) Static Pres., in H20 
14 ) Ambient Temperature 
15 > Barometric Pressure 
16 > Assumed Moisture. % 

Pt.. =I= 0 DPs 

LANL 
Outlet 
.J. Ba.labuszko 
9/7/86 
1 

GG 

0. 84 
0. 015(H7 
0. 02@5 
0. 4 

23. 13 

DH Vm 

17 ) Heater Box Setting 
18 ) Probe Length', ' Ft. 
~9 ) Nozzle Diameter'', ·rn. 
20 ) Probe Heater Setting 
21 ) ::~ 02 
22 ) ~ C02 
23 ) Ml. H20 
2~ } f~tai•••-· ~-· 
26 ) Start Time 
27 
28 
29 

Finish Time 
'(d. 

Stack At~e.a 

250 
3 
0. 313 
250 
12. 3 
5. 9 
242. 6 

254.1

2 
1:50 pm 
3: 1::~ pm 
0. 9999 
0. 7773 

30 
31 

Sampling Time (MIN/PT) 5 
Initial Volume 88. 16 

32 ) FILTER & BEAKER t'S 21510F 
E10B 

Tm in Tmout Tc Tb 
******~************************************************************************* 
0 - 0 88. 16 J. B.alabuszka 
1- 1 5 5 217 0. 22 1. 0 91.38 75 77 56 241 91.3 
1- 1 5 5 220 0. 21 0. 97 94.52 77 78 51 249 91.1 
1- 2 5 4. 5 223 0.20 0. 92 97.60 78 79 48 259 91.5 
1 - 2 5 4. 5 222 0. 20 0. 92 100. 68 79 79 48 258 91. 4 
1 - 3 5 3. 5 223 0. 15 0. 69 103. 40 Bl 81 52 248 92. 9 
1 - 3 5 3. 5 215 0. 15 0. 69 106. 10 82 82 53 261 91. 5 
1 - 4 5 3 196 0. 12 0. 55 108. 54 82 83 53 259 91. 0 
1- 4 5 3. 5 185 0.14 0. 64 111.17 83 83 53 241 90.0 * 
2 - 1 5 5 219 0. 23 1. 1 114. 52 83 85 53 259 91. 7 
2 - 1 5 5 222 0. 24 1. 1 117. 93 84 85 50 248 91. 5 
2 - 2 5 4. 5 222 0. 19 0. 87 120. 96 84 85 52 262 91. 3 
z- z 5 4. 5 222 0.19 0.87 123.98 84 85 53 248 91.0 
z- 3 5 4 217 0.17 0. 78 126.85 86 86 54 253 90.8 
z - 3 5 4 211 0. 17 0. 78 129. 74 85 86 53 272 91. 1 
2- 4 5 3 198 0.13 0. 60 132.28 85 86 54 245 90.6 
2- 4 5 3 192 0.13 0. 60 134.84 85 86 55 297 90.9 

******************************************************************************** 
80 213 . 419 . 82 46. 68 82 

Total Avg. Root Avg. Vo~ume Avg. 

'• ... ··--·:-· .. -·-~-~.~::.\[~: : .. -.· .. -~: .·· ·: .: 

- --- ~ ... ........ 
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RAW DATA SET =II= .JI.....:L 

1 Pl.:1nt LANL 17 ) Heater Bo>< Setting 250 
2 ) Location Outlet 18 ) Prol::·e Length··, ' Ft.. 3 
3 ) Operator J. Balabuszko 19 ) NozzV:! Oi.amet.er', 'In. 0. 313 
4 ) D-ate 9/7/86 20 ) Probe Heater Setting 250 
5 ) Run No. 2 21 ) 4 02 11. 0 
6 ) Sample Box No. 22 ) ., 

h C02 7. 0 
7 ) Meter Bo:-•: No. GG 23 ) Ml. H20 270. 9 
8 ) Metet~ H@ 1.. 807 24 ) GM. Silica Gel 1.3. 8 
't ) K Factor 5. 3 25 ) Total 284. 7 
10 ) P.i-t.ot Fa •=t.or 0. 84 26 ) Start Time 3:57 p.-n 
11 ) Leak R-.:tte Be-fore 0. 0l.(H 7 27 ) Finish Time 5:18 Pill 
12 ) Leak Rate A-fter 0. 01.@8 28 ) 'fd. 0. 9999 
13 ) Static Pres., in H20 0. 4 29 ) Stack Area 0. 7773 
14 ) A,nb.ient Temperature 30 ) Sampling Time (11IN/PT) 5 
15 ) B.arotnetr·ic Pressure 23. 1.3 31 ) Ini.ti.al •Jolume 35. 40 
16 ) A·s·sumed Moisture, :t 32 ) FILTER t3. BEAKER t I,~ 

·:l 21512F 
8118 

Pt. :1: ~ Vac. Ts OPs DH Vm Tm it1 r rno•Jt Tc Tb ~I 

******************************************************************************** 
0 - 0 35. 40 .J. B.'lllabus:zko 
1 - 1 ... 

-..J 8. 5 222 0.24 1.. 3 39. 02 86 89 53 281 96. 9 
1 - z 5 ., I!!' ::!2.2t lo}. ~1 1. I 4o. 0.; 97 99 46 -~I!!' ·f 9l.. :5 r • ..; 1·-·.J-&... 

1 - 2 5 7. 5 224 0. 21 1.. 1 49. 43 87 89 48 ·IJ:"~ 
.;:. . ..J;::) 96. 4 

1 3 5 6 214 0. 17 0. 90 52. 47 86 88 48 266 96. 1 
1 - 3 5 6 214 0. 17 0. 90 55.53 87 88 49 :Z44 9cS. 6 
1 4 5 "'" 194 lo). 15 0. 80 58. 43 88 89 5~) ·~~=-~ 95. 8 -.1 0::..-..J...J 

1 - 4 5 c· 
. .j 186 0. 15 0. 80 61. 31 89 90 51 257 94. 4 

2 .. 1 5 8 218 0. 24 1. 3 64. 86 88 89 51 247 94. 6 
':> 
'- - 1 5 8 222 0. 25 1. 3 68. 50 88 89 49 288 95. 3 
2 - 2 5 8 217 0 ?? ....... 1.. 2 72:. 04 84 87 50 257 99. 0 
2 - 2 5 8 220 0. 21 i. i 75. 47 83 86 50 27i 98. 5 
2 - 3 5 6 "" .>J 212 0.19 1.. 0 78. 68 83 84 52 260 96. 5 
2 - 3 5 6. 5 209 0. 18 0. 95 81. 79 81 82 51 244 96.2 
2 - 4 5 5.5 191 0. 15 0. 78 84. 60 79 81 51 239 94. 1 
2 - 4 5 5.5 182 0. 15 0. 78 87. 41. 79 80 51 239 93. 5 

*************•****************************************************************** 
80 21.1 .44 i.04 52.01 86 

Total Avg. Root Avg. Volume Avg. 

: -:...~. ~- .. 



RAW DATA SET ~ 12 

1 Plant 
2 Location 
3 Operator 
4 > D.at.e 
5 ) Run No. 
6 ) Sample Bo:-<: 1'-lo. 
8 > Meter H@ 
9 > I< Factor 
10 Pitot Factor 
11 Leak Rate Before 
12 > Leak Rate After 
13 Static Pres., in H20 
t4 Ambient Temperature 
15 Barometr~c Pressure 
16 Assumed Moisture, % 

Pt. :1= 0 Va c. T·:; OPs 

LANL 
Outlet 
J. Bal.abuszko 
9/7/86 
3 

1.. 807 

0. 84 
0. 021]6 
0. 021]6 
0. 4 

23. 10 

DH Vm 

17 ) Heater Box Setting 
18 ) Probe Length', ' Ft. 
19 ) Nozzle Di-ameter', 'In. 
20 ) Probe Heater Setting 
2l. > ~{ 02 
22 ) 7. C02 
24 ) GM. Silica Gel 
25 ) Total 
26 ) Start Time 
27 ) Fini:.h Time 
28 ) 'fd. 
29 ) Stack Area 
30 ) Sampling Time (MIN/PT) 
31 Initi.:!l Volume 
32 FILTER & BEAKER i'S 

BMB 

Tm in Tmout Tc Tb 

250 
3 
0.313 
250 
10. 2 
8. 0 
18. 4 
297. 4 
7=10 pm 
8=30 pm 
0. 9999 
0. 7T13 
5 
9. 34 
2151.8F 

::::r 
******************************************************************************** 
0 - 0 9. 34 .J. Balabus:zko 
1 - 1. 5 5. 5 217 0. 24 1. 2 12. 90 73 73 59 281 98. 6 
1 - 1 5 5. 5 218 0. 24 1. 2 16. 47 73 73 59 278 99. 0 
1 - 2 ... 

;;;! 5. 5 22~ 0. 21 1. 1 1.9. 81 74 73 59 272 99.1 
1 - 2 5 5. 5 221 0.Zl. 1. 1 Z3. 04 73 72 58 264 96.0 
1 - 3 5 5 21.2 0.1.9 0. 99 Z6. 20 7Z 72 53 262 98. 1. 
1. - 3 5 5 21.0 0. 1.9 0. 99 Z9. 42 72 71 !:"';) 

-.Jw 264 99.9 
1. - 4 5 4 183 0.1.5 0. 78 32. 1. 9 69 70 53 258 95. 1. 
1. -- 4 5 4 175 0.1.5 0. 78 35. 00 69 68 53 253 96. 0 
z - 1. 5 6 209 0. 24 1 ? . '- 38. 47 66 66 53 256 96. 8 
2 - 1. 5 6 210 0. Z4 1.. 2 41. 90 66 66 53. 251 95. 8 
2 - z 5 6 21.0 0.21. 1.. 1 45.32 66 65 55 250 1.0Z. 2 
2 - 2 5 6 207 0.Zl. 1.1 48. 67 64 64 53 254 1.00. 1. 
z - 3 5 5 1.96 0. 1.9 0. 99 51.84 63 63 52 247 98.9 
2 - 3 5 5 193 0. 1.9 0.99 54.98 63 63 53 247 97. 8 
~ - 4 5 5 169 ~- 15 ~- 7S 0~. ~5 64 6~ 5~ 159 ~?. ~ 

··'-******************************************************************************** .·.· 
80 202 . 443 1. 02 

Total Avg. Root Avg. 

. .. . . - ..... ~ -. ' -........ . 
· .. 

-. . :. .· 

'<.~·.:i -
. . ·,~ .. 

. ' 

·' :. ·.~:. . ..: ~. ~. . 

51.31 68 
Volume Avg . 

- --· .. · 

/ ·.:·~ -·.-. .. - . 

-~- .. ,.- -· 
.·•,t · ... 



r 

.. 

MIN/PT_· PRESSURE Initial : TEMP. OF ··; Pf.lfS 
DIFFEREIHIAL 

91
volu'7. 

.. GAS LEAVING :· v,: '.St.~ 
ACROSS ~S". "(, GAS SAMPLE TEMPERATURE . CONDENSER.~.' ·: . .. 8 

TRAVERSE SAMPLING STACK VELOCITY ORIFICE GAS SAMPLE ~GAi.M_IillR : OR LAST .,(: 'TEMPE 
POINT TIME VACUUM TEMPERATURE 1 IIEAD METER VOLUME INLET OUTLET IMPINGER. · f: 

.. T ....:-:~o C~eni/Owner LAN L .\~·· Z.Z,U PARTICULATE TESTING :::· ::.· .-:: ~·,,,. .. : · ·~~::~·:. 
Plant C.AJ . g.....,o·<S7 ·'Jf! RAWDATASET ~ . ·':: '>:~ AmblentTemperature,"F. f0 .. i. 
Unlll lnlel/~u t start Time I~! (O . : . . . 1 : · i·;. ;.·.L Barometric Pressure, ln. Hg Z 3 .. 19 ·,· .. 
Operator ~~;,IJ:-~5 T,J?£) '"! ~ · · ·1 T~•S Flllerh . · ·.·. AssumedMolsture,e;. 3ft- 3:Z : .•'. 
Date 7( ....l::f--tJ! . ~: J~ 2._ E""D z /5 z.o Heater Box Selling ---:::-FP2:..SC>~_o ----=---
Run No. "' ' a·. vP . Probe Length, Ft. -3 r No. ttlf~55z 
Sample Box No. . Finish Tlmo ~.. . . !fllwhlu 11 .... Noule Diameter, ln. .. 375 ....-_ ~13 
MeterBoxNo. 6=&- . ~ · . ·. , · ~ , . ProboHeaterSettlng c95C>

0 

Meter DHO ~· i$0 7 ; __f_ · . · ... :' "I• 0 1 9 ·:l 
K Factor }il?._f{ :$ Meter Yd . . · . · e;, CO,:-_.,.flbiW-::::::7.~--------
PitotCp '!t' . PltotleakCk \Z . 'PLovJ .ov7 Beaker II H,O,ml :---~Cf~~,...---------
Leak Rate Be lore ~ • OOS: CFM ®---l..:Z-.Ho 0. 9 q C19 o\- ~&- ~ \ , :. Silica Gel, gm -::;;il=;t~' La...,..------
Leak Rate Alter CFM @ Hg · ·• .~ · if( ' -- ·; Total VIc _ 6 ' 6 
Static Press., ln. H,C(G/-) • ,S: . SCHEMATIC OF TESTING LOCATION . Slack Are-a-, -F,-!~-:::;:;:~;~.l;-, ---:~:----=-, -..,.-.n"-

. - Pyrometer No. -..&..":=u...;I---------

I-1F··· 
~P E 
ox 

t:_, i·3. 

.. 

. i 
,: 

NUMBER 9, min. ln. llg T .. •F DP, Dll, ln. H,O 

1-7 4 12.. .... ·z.zo .11 ( /. 'S'X' ') /. 2 
't('Lrt- '., 79 / 

Vm, fjl T.,ln, •f T., out, •f · 

'tK. S] ..!~. 91/ 9/ 
/o/.o I 1 

r •. •F 

Sl.:. 
T 

zs~hitt~ 
Zc::l. 

1
/ Zl.l~ 

:: l 
~· 

I 

LI/C . 
T : 
£~S! <6 ·. '2- Z.Q .f'j 90 f/ ~LI 

z.· 12. L lZ.? ,,. .70 /0 ~- z.s- elf .· 
............ To 'I z~slzlii 

.............. !L ' 1.. z.. z.. /7 ... 70 I loS: 3.'1-. R' <to 6_s 2~-~/Lq.,f/1. 
'u/g': 
•. I 

·~1 i 

>- l.CJ 7 llt.l , I? 
24 j lOR' .. t.4 

LJ. Z:B" 2 117 .. 2~ 
I gz_ ~ Jgl_ .lD 

TOTAL ~ ,--.......... ~ 
AVERAGE . TeoL\) l.;to9) .1.\\SL\) 

. "-..../ ~ .. ~4-
tJt;_VJ 'I)}. ~ A 'a .. : 3.'s ~JJ 

. &)g.1r 
....... ··: ·• •t· 

~Cll.~~~ · .. ': . : ........ ~ .. . .. lll 
·.:.,I c" . 

,·1g lo7~'LI 1o 
.ft l/0, 1-J fel. 
, ft} liz,t,4 g6 
.. rz_ 11£ .ol.. 9l 

·. 
•. --{<t,L\) 

-- /-........._ AVG.- II 

39. 60 
~'1 5? 
i7 58' 
fftl 5~ 

' 

AVG. -€J 

~21 lzrr/24'~ 
12-s-s-z? sz,6 
12.5~/Z.( 7/~ 
Z<;f'(~~h 

-··· 
I' 

-·-
., . •\ ... 

' .. .. . . 
-· 

I 
!{"II!· 
.. C. I 

14: 
!7 

(o ,.., t\) ~3 5. ~-:2.. ~~ ~CJ n.7s- . : : .\ ~.' . 
AVG. 7tJ - IZ. 

~ I ..... ~!. 
ol 

q!,~ ; . · .. · 
? ., · J:4 1 r ·· ..... :··' .. -?.).17 ::>h. ~, cJ ...... :i·~ 

; •••• ''.•.# 0 ••• • 

g, 
.. .' ~;~.~~!,;! ~·: ... :t,i~.~~~i-. 

~ ~ '4· // ; ·!''".'rL~. · · :~.:d·: ;J· 
0 

II : ~ ",: 'l,•fi~~~~ • .:.):'~ii !~:~~-
~11' 



Cllon.Own;r ·fAN 1- .. ·· ·. · .. :: ...... PARTICULATE TESTING ·.. .. · :~·· . ·,...: ;·' : , 
Plant C..A . ~· ...... :·; .. RAW.DATASET < ··.·.·.:' AmblontTemperalure,•F. ~.;:,·:;·,l, ~~ 
Unlll ''P . "'"'Time ' . · .. . , . . ? , : ·: :: ·. ;:;:, Barometric Pressure, ln. Hg : ¥.·;.::.:~.//\ ·. : 
Opo<alor • 'j US~ • • @ · · ' · /1 <.l'i' · FOliar ' 

8 c.' A"umed Molsouro, % l \1~ . 'f • 
Date 1( : · .. '2_: · \ Heater Box Setting fSI) 0 }.I!.!',''} 1 

Run No. / (.4\·· Probe Length, Ft. 3 No. &fG\.:?v :i·i"t: , . ' ~ ~! 
Sample Box No. ·., Flnl~h Time : .' ;·. . . ·' Thimble 11 .. • Nozzle Dlameler,ln. .3 (',;.·, ·; .. ':; · : 
Meter Box No. ET k- · ' ·· · AM : , : ,. : (jf' . . ·. 4 . · ·.· . Probe Heater Setting 01${) 

6 
''.' ~·~ , , ) : 

MeterDHO /.i$07 : <!!!) ·: <! .L ''·.·,.: •;,o. ::.'f1 ·I 
K Factor . : Meter Yd • . : . . . . . . \. %co. l8: ; j ; 
PltotCp •<64 PltotLeakCk j7 :;''' . ~2..-ovJ ov1 .Beaker/1 . .'·.' H,O,ml !.,76 ·•:··[i.'i' 
LeakAateBelore CFM @_Hg > Q.qyyq Or ?rtl:>~ ·. '; SlllcaGel,gm lt.f'z. i:.:~; .. ·! 
Leak Aale Alter CFM @ Hg . · · . · r. , .> Total Vic go§ '/1.. i,'·.,'': : ·J 
Sialic Press., ln. H

1

0 ( + 1-) ~CHEMA TIC OF TESTING LOCATION ·. Stack Area, Ft! it,{ Lj 6>-=- I;> II •_';;;.:: ~··( : :~ 

MIN/PT_ 

TRAVERSE SAMPLING 
POttll TIME 

NUMBER 9, min. 
,_, { 
t-. ::- . Tlf s&. 

. ( <2' 40 
·z. · IZ- '44 

~ 7 I/_ t18' 
. f.Lb )sz 

24 .. ~ 
71 T e.8'.16o 

( s z.) t,4 

IOIAl 
.. 

AVERAGE 

f. I ~. • '-, 
; ... .,... ............ . 

Pyrometer No. ·.. i · 
~' . ,! i ~· 

PRESSUIIE Initial 
.. DIFFERENTIAL Volume: .. ACROSS GAS SAMPLE TEMPERATURE 

AT DRY GM_MlliR STACK VELOCITY ORIFICE . GAS SAMPLE 
VACUUM TEMPERATURE 1 IIEAD METER VOLUME INLET OUTLET 

ln. llg T., •F DP, 011, ln. 1!,0 v ... ft' T.,ln, °F T., OUI, °F • 

" Z.ft: .. (, ~& /[7 .. 10 ~I 8/ 
7 v, .. t: (9 .. t.o ,.~z.. ltt1, 4 3 ~0 El 
7 2./'i ,.17. .. 70 /2(. G4 80 9'/ 
t. 2. 2..0 ,J~ .. c. z I/Z.5:7L go ~6 

fl Zl'i -~17 7n 1Jzs,&3 B"o 7?' 
.s- 2.00 ..tl -~.1 /l7.- 71/ 8"0 79 
A 1/z_ I'll 

_,, 
11.\ IZ?. sl 71 78' 

s- IKI ./3 ,53 1?,/.'bg 77_ 7K 

1\VG.-/ IIVG. -3 
g J -AVG. 0 - IT. ' 71- 75 

·:~,~t(tt .. ·.·::-«;U®CIDil'il ~UIJ' Engineering, .Inc. . 
,, ~ ... ' ........ · · ... ; .;,/··:···.::;:. "·~·ie-.. 

; . 

TEMP OF '; . .. 
GAS LEAVING l'i 
CONDENSER i}:~· 

· OR LAST ;"~i 
IMPINGER U. 

T •• Of . 

64 ·•. 
s~ 

., 

. . Sb . .. 
•, Sb. 'i,•. , . 

s7· 
57 
SiS 
Sf/. 

. 

. •· 
'· fh'' .. ·:•.l'. 

;~;:~-~;·SAMPLE.' :.. 
·1-: " . BOX .,, . 
·;;TEMPERA lURE 

.. ·~_:-~Y·:l .. 
T. 'F 

' 

zc;'i/is3h ?8' 
so zs?!Z·s·.,; ~ 

26olzM .. '!8 ~ 
r)6e~ 
/_Zc;y, 

€5--//;d}' 
J 

1 it.r/1 ~ ~i· 
zt()/2~ 18" 

60: 7: ; 
2.6olz:silz_~ 
U!/Z')i 'VIt' .. 

. ... 

:•.•,: 

, I I • 

... 

"'7 . ~ ., ·2... i! ,,. 
Pago L- of ;:: : · ; ,, . . 

;,;~·W{: :j·x.: .~:?if:~;\·; :t 
.' ... ,,:~·· • '.,. 1• • .-~~t,1, j • 

• I ~-:~-· 1' ·, ·~ '· t ,._; ·~ .: '0 /:' 



( 
i 

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

CllenUOwner !. A N L 
Plan~ Ctll 
Unlll ~lnloll 1 Sla<l T. lme 

~~~;~tor 0 =:x::= ~ /K 'S""Z. :~ 
RunNo. ~1 
Sample Box No. __,.-,---------
Meter Box No. ___,..w6=~(::-"':-:=-------

AM 
i PM 

Meter OH@ ~ is'O ::Z 
K Factor :!i · ( •Ae} 4./ 01EJ Meter Yd 
Pilot Cp 3 _ Pilot Leak Ck 1/ G 
LeakRaleBeloraL-ClOCCFM@ 17 Hg : .. Q.9q,91 

PARTICULATE TESTING 
RAW DATA SET 

2.... ·.1 T~I•S 

0
'· w 

.. 1- .. 

'fL.ovJ ·t>vT 
oF- VG-

· · · Filler l's · 

;;;>fSl \ 
Thimble I 

Beaker II 

;; .. ·' .·.·:"···t·' : ; ~·:;i .• ·. 
· .· · ,· Ambient Temperature, "F. ; . 

?: ..• Barometric Pressure, ln. Hg 01~. 0 Cb ·:·;~: :. 
'·.·•·· Assumed Moisture, ato < ·.'' 1 

' ··Heater Box Selling ~SO 0 •• 1 : : · ~. 
Probe Lenglh, Ft. .3 r No. tS-lt\.5CO 
Noule Diameter, ln. --::· ~3~(~~----

, . Probe Heater Setting _.=Q)::..st)..Ll..L.------
, ate 0

1 
I ':L , 

. ·.· 'I• co. ·.' 'I 
.. 'H

1
0,ml . .- . 

Silica Gal, gm ... 
?).. ',:Total VIc ' ' 

) 

Leak Rate Aller CFM @ Hg ' '• 
Sialic Press., ln. ~.o@") ~ 6.b SCUEMATIC OF TESTING LOCATION · . Stack Area, Ft!·--"H:-'---~L.;.-t.:::.-

Pyromatar No. -..l.lLL-1---------
.~ 

MIN/PT_ PRESSURE . TEMP. OF ··:; 
.. ' . ' 

: lnlllal : ~;: ~:· . 
• • DIFFERENTIAL Volume: GAS LEAVING ~. ·~·.: ·.,. S6.MPLE 

3/. 7l .... ! 

ACROSS GAS SAMPLE TEMPERATURE CONDENSER,·:~ ': · . ~ox • 
AT QID'_GAS.ht~IfR 

·. ~t TRAVERSE SAMPLING STACK VELOCITY ORIFICE GAS SAMPLE . OR LAST .,•· 'TEMPERA TUllE 
POINT TIME VACUUM TEMPERATURE : UEAO METER VOLUME INLET OUTLET IMPINGER }.' .I 

NUMBER 0, min. ln. tlg T., 'f DP, Dll, ln. H10 V,.. fl1 T.,.ln, 'F T.,.oul. 'f · T •• •f T, 'F 

1-7 ~s- C..'IL ··1-zo .Lt... /10 34,79 ~l ~8' S/ Z"b/zi7/i. 'L 

-fl- }0 7 ·. z.:z_ ,t3 ·14 57 .. 1l 8Z.. g~ 60 t.7olis71~ D-
z 1-C /) ' t_Z,L} , z.. t .t_t /lO,B_ 7 &I 8.c....- ~··· ~$1/k~/ ~ '() 

~ ~w t. 1...1-S ... l. I . ,g(.. IJJ.;_!~ . go xi · Sl ~~~~2~ 
~/u/ z.J. 

<, 

2...U~ .. {~ _5;"-. L1!J 2S b .... 78_ 
ul 30 ~'It_ 2/4 r2 rg .. ?tl 

Lf ~ 5~(' s lC>~ ,/6 lb,. , 
:s.:z_ JI-D .s- !KJ .. It; ,6G 

-

·~ 
. ·. 

~ . 
IOIJ\L ,..-_ ·~ (.o;ltt) -
AVERAGE . \("60) ( 2..-13)~ i( ~W;)H{) T - - ~ 

•• 0 •••••••• 0 

'. 
• I ~, ., .•....... · .... 

JIG. -11- CJ 8:5 
11-1. a 7 '80 ~z._ 

SZ,07 ,fo g/ 
L~4.71 -fffi19 80 

g 1-1 
· . 

/---... AVG. AVJl.-... 

i\1-\1..\ ·,:t3\ AVG. ~(7Ci) 
""" ~ 

..... .. ,;'.. ·.•.· 
. :.;·!. • .. 

, o I 
0 ~ o I : 

0 
• i. 

'· 

.S"V 
5D zs-r'7~Jil-:3 
5/ ~~/~;; /2~ 

~~ z .. 
~D/~7~$. 

v 

·-. ' 
----... 

.• 1 •. 

• <. 
.......... 

··--. ' .. . · ·. 

I ··~ ~-
~!··~ • .-··;~~r.t~ ,.: -.··.·~·~i 1 {t,~-. 

·,l.•!·'.'•l·t . '·. ;:·~··l;•'·i' 
': : 'fdi~\; . .. ·::\~<!:':J: 

t 
,--z 

/ 



j 

I 
! 

., 

- . 
Client/Owner :AN\... 

.r ... 
·:· .. PARTICULATE TESTING \· . . . \ .. :;··: ~: 11 

. .. :·~: ,, RAW DATA SET :~. .· .. i Amblont Temperature, "F. c :t·!~·~;~ ) : ~ 
Plant · GA }:_. ., 
Unlll lnle~u t . Start Time 
Operator 1.-!~ S -?- tL () AM 
Date •1({!~ ; PM 

AunNO.----~-------------------
Samplo Box No. --:--:--------------
Meter Box No. ~~6-yG:-==:-:~-------
MeterDHO /.~07 
K Factor Meter Yd · 
Pilot Cp ' ce r:r Pilot Leak Ck __.\L.. ·: ,. · G 
LeakRaleBeforek QOS:CFM @J;S::Hg : Q.qqcuu __ 

' .. 

·.: I • . I 

, , 7__, 1'JI> I 

... A. 
.. :'(Ji. . 

. .· . 

·;· • . . · .: . : .;: Barometric Pressure, ln. Hg ~'3 · 0 6 h;. :,. . ·· ·1' '/, 

Filter Hs · · • :: Assumed Moisture, 'I• ;h;.:1, · •• 

Z{ r (1· ' HeaterBoxSelllng f9:> 0 ·~:·\~·:.'·.·..,·~, 
- 2 - Probe Length, Ft. .3 No. &f~.:?U; ~·:., . · 

· Nozzle Dlameler,ln. .·.:;;,; ,·; . 
. Probe Heator Soiling 0> SD 0 ·L~A : i : 
··'·'. •t.o. :-.:j; .i. I· 

------ . :·· "• CO ·l J;~· ; I! ~. 
' . . ,. I l. ,,,~~:. I 

H,O, ml · ~ .. , · ·I · 
;. · Silica Gel gm ; .•.. ·;.' ··I I 
·.: Total VIc' ~/t~: 1. I 

Boaker I 

Thimble II 

Leak Rate Aller CFM @ Hg 
Static Press., ln. H10 ( + 1-) · 

SCHEMATIC OF TESTING LOCATION 
. Slack Area, Fl~ 'IT'f t..f €=.>-=- I ;J II ';:<? : 1i 
Pyrometer No. bi.ti · •· : ' 1: 

MIN/PT __ . \'!,.., PRESSUilE lnlllal , .. . . OIFFEREIITIAL Volume: 
ACROSS GAS SAMPLE TEMPERATURE 

TRAVERSE SAMPliNG STACK VELOCITY ORIFICE GAS SAMPlE &.ru!LGAL.._,illR 
POtriT TIME VA UUM TEMPERATURE 1 IIEAD METER VOLUME INLET OUTLET 

tiUMBER 9, min. II. Ug T, •f or. 011, ln. 1110 V,., F1 1 T.,ln, •f T,. OUI, Of • 

z:-7 77/1.,/ ~S" 7 z_z.z_ • z_2._ ,.,0 57-frZ~ 77 79 7.;::>~ 

l n \ ~·o -v ~ 5D 7 ·zz.:S . zz. ,'j_() bO" 8S "77 7% 
·z - ·-y-" ,[ ls\ s- 1-2-t-. .I].' .,{./) 63~~' 77 7~ Tl..7tftf-

1 ·~ "" 
ll .. o ~ 2-2-b , rj . ,6fl bt,~l4 . 77 77 ................ -n; 7ZM 

3·· .. j L:7'J 10l ~~ 5YL Z-ts- ,16 .1-L f..i-,74 /t... 7(; 
I 

l7b l~llr l-It/ -~lh ·6' 7f-3~ 76 7b rz:q .. :% 
4 ·~ 

~o. --n;;O 17.r 4 1.% .., I Z. .41 7g,b/ 7.6 7& 
( _ffi-t,t} 18o ,A'Vl l8'L _, :5 , ~.3 7S:14 7~ 7') 

TOTAL AVG. AVG. 

AVERAGE AVG. _____ .__ _____ 
--

'I 

, , . · :· .· (C~®~Iril ~Uii' Engineering, Jnc. 
'I '• • ' • ·:' ·, I'·., • '• ' .. . . . . · .. · . ··· . 

. . . ..... . . ·.,":".. '• ·. . ;· . ·: ... ·.':'; ~:·:; i:: .... ·:·:''-: .. 
> : . .···· 1. .. • .•. 

.,.. .... ~·1 ..... ··-····· 

TEMP. OF ;: 
GAS lEAVING :\ 

·' ... CONDENSER •,'!i' 
' OR lAST .~:{i 

IMPINGER' T 
T •• •f 

s-~ .';. 
~I 

.. 

~4··;.' 
.. .5"3 . :•·· 

6-t..) .. 

:")~ 

ob 
~ 

' 

. 

. I I 

..... ~ ! 

.:f~ ... r~- ··· , :~~ .. ~~·· 
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P-5 39 L(O &6 (. t f,O g -------- --------- --------- ---------- ----- ------~----
";17 4.o 4. ' ~f:6. D6 l,o K -------- --------- --------- ---------- ------- ------·-----

~q ~o.g::t f,O 

CONDENSATE SAMPLES: ,. 

SAt1PLE I. 0. : ----------------- Cm111ENTS: ------------------------
' . 

c.o·-'·-~' \-lov- \ ... 
. ·, I • . ·.·. ·.~· ! ~! :~ ·. 

~ . : 

' ; _.-,~; .~-~~~-
' '··· .·. . ' ~ 

-~:·.:;;4·:. 
.: .. \'·\._· ~ 
._":,l, . : '··". '• 

'• .. . 
0·~,···r. .. . 

·, ,, ; . ' ; ;· ~~·, 
.. ... .f' 
. .~·t,-'.: 
... · ';.: 

r'· .· 

, I 



,~ 
...... ~ ......... .,· .. .......... '~ 

PLANT _1-.M'::L~~----------
LDCATION 
OPERATOR=~~~ QQ~Ylrl::: 
DATE _______ _:~ JE~------ . 
RUN # ________ 5::" ___ . ·-------
FIELD BLANK I. D.: TENAX 

TENA~<ICHARCOAL --------- , 
LEAK CHECK BEFORE .t..O •t ~~~-M-£ lct 11 

. 
LEAK CHECK AFTER_~Q~[~ ~~-.(f;;. l .$· 11 

CARTRIDGE I. D.: I ' ·. 
TENAX ... ·~~ · ---------------------- \ \ TENAX/CHAR_________________ ' • . 

VOST FIELD DATA SHEET 
DATA SET # _}[_~ 

Diagram of s~mple location 

0 • • ,. 

. . . . . ,.: J :·, ~ · •. :··;: .. ·. ·.·~}~·:. . 

·. STAC~ I. D. LS_j_ __ ~~l-------·~::-',:: 
PROBE NO. __ l/:ll§.J: __ l_ _________ :~·· ~. 
VOST NO. · 
FILTER 1~0~-----~----------- .. 
PROBE HEATER-SET -~!::::::; ,: .. · · 
METER B

1
ox

00
NO. __ ¥_I _____________ ·::.: 

Vd I :5;2 ',; . 
----------------------------- 'i' 

Bp ____ .QL:i~-----------------. ·. 
. fll •l ;>3. Oo . . . .- ' • •, ·· .. :. ·:\ 

. :•··::·h./-i,\~ ·Wt,t;~·--·. 
sk,A 11\N-.<. 15 5 tt . . 

---------------------------------------------------------------------------~------------------ -----------GAS TEI1PERATURES, DEG C ·. 
TlHE 
minutes 

s 
____ jQ. 

15 -------
:b 

SAMPLING RATE 
1/min I ss ball 

--.----··----··----1 VOLUt1E GAS METERED COMMENTS: . 
1 2 · 3 4 5 6 liters ;2/0.~.~ · .... · • .:/.;l 

PROBE TENAX 1 TEI·IAX 2 GAS OUT . METER IN ~1ETER OUT INITIAL::::a;'.Q._~- V~ . 
--------- --------- --------- ---------~-------- --------- --------- ---------- -~tc-- ------------

~~::]=:~~~~ ~i~~~:: ~:::~ =:t~:~:~~:~ =:~~~=: :~i:~~=: ~~~~~ ~ ~~~~=::=~ 
'1~ ·,3?- IS' I~ J.() '30 3° c9gb,?- kfl'· ID 

-~,--r-7-c;---- -~-3-~-- --,~---- --~~-----~--;c;--- --~,---- -~q-----~~~~~~c;- -~?.L -~~--------
------ --------- -------- --------- ---------~--------·~---------[--------- ---------- ------ ------~-----

...... \ 

------~---------~--------~---------~--------~--------+---------t---------r-----------~------]------------

~~~~~~~~~~][~~~~~][~~~~~~[~~~~~~~][~~~~~!~~~~~~ ~~~~~!~~~l~~~~~ 
CONDENSATE SAI1PLES: 

SAMPLE I.D.: ________________ _ 
COt·111ENTS: ------------------------

' . 
c_c_.v.s). ct \ c:, \A '· 

A sfo'? . oJ~x 
.. 

;1.0 ;-1 1M\ \A . ; . . .~ . • ·r .... :; 
t I l .• ' .. ~ • ; "' • I I ,l . 

·.· -;;~:::.:~.. '::·~ .. :: .:· 

'·: ·.~~(;- ', ",!.; .: 



•' 

PLANT -k~-\_~----------
LDCATION___ ---------
OPE~ATOR_~~~ CQ~X)!l __ _ 
DATE ____ 1~~J~-----------

VOST FIELD DATA SHEET 
DATA SET •-.:.~-~ 

.. : . . ' ' . ' ..•... : ~·: ~· · .. : >:<· ':i~i). . l 

. STACK I. D. -~A !-___ .f&1.k!::t ____ ){i ... 
PROBE NO. __ l/Q§.J:. __ i ___________ > ~. 
VOST NO. ··. 
FILTER I~f.(-----m----------- ';. · 

RUN • -'a_ 
FlELD-BLAHK I~o~:-rENAx::_______ . 

P~OBE HEATER-SET --~~:!l::::::: I • . . . . ; 

t1ETERI BOX NO._!'_( ______________ )i: • 
I 

TENA)VCHARCOAL 1\; 

LEAK CHECK BEFORE_~~'.} 'rl\:~J~~ ~ \ (\. . I/ 
LEAK CHECK AFTE~_~Q~L2:B:~~~ ~~~.$ 
CA~TRIDGE I.D.: . · 

Vd----~~~~-------------------·1 · 
Bp ___ ..Qt:3_:...~5i.----------------- ~- ·.·. 

slcJ ~~ ,q 3~.· ;:\i.);i,~:;: ;::};~~:; TENAX . .:::· ·. ---------------------- \ \ TENAX/CHAR_________________ I I ' 

Diagram of s~mple location 

~~-;~-~;;----r----------------GAS-TEHPERATURE5;-DEG-c------------------ ~~~-~~;~~---~;~~--

ss ball 1 2 3 4 5 6 liters ·: .. : .. · 
PROBE TENA~< 1 TEI·IAX 2 GAS OUT . METER IN t1ETE~ OUT INITIAL: ;;cjL( • '3:1. ~ '.. .. , .. 

--------- --------- --------- --------- -------- --------- --------- --------==---=~== --~-~-----rs- 1~"3 IS 13 19 ;tq ~1 ;.tqq.<6 ,,:2. '1 ,_________ --------- --------- --------- -------- --------- --------- ---------- ------- ------r---~-

'15" 14'1 1""3 1'3 1'1 ~<6 ?.I 30Lf.Cf5 I.?. <Z 
--------- -------- --------- -------- --------· --------- --------- ---------- ------- --~--·-----'75 ·,qO ·1D 13 I~ c;l<"6 ;zl - /,-;>, Cf 
~--------- -------- --------- -------- -------- --------- --------- ---------- ------ ------~-----', I ::1 ~ ------- ---~~-- __ L~~- ___ ll____ _ __ L~--- _l_!_____ --~-~---- -~~---- ~-L~~-~-- -~~::- --~---~-----

.......... 

---------~--------~---------~---------~--------·---------~---------~-----------~------

;---------~-------+---------1---------+--------+---------t-----------------------.. ----
;;J?. ·:,; .JI. ~~ I ,-:l-

--------~---------L--------~--------~---------~---------~------------•-----~------------
CONDENSATE SAMPLES: 

SAMPLE I.D.: ________________ _ 
Cot1t1ENTS: ------------------------

•. ~-hi>-". \ '· 
. ~ 

"; ~ • t t ,, 
'.··~ f ~ ,._,:-:\! 

' ' ' ... r:~ >;\::.~ 
:· 
: .. ,., . 

. .... 
·:~c ~;. }·'·· .. , . 

•' I 

;·• 

':::I: 
,;}J··· 

:.~ ::~;.;.g ?. 

', j; ,'II .f~ ~ 
. . ·~;II . ,. 

't.· 



r 

~ 
' 1 

; 
·f 

; 
'! 

···., .. :.ill .•• ; I ;, · . .-.• I : ',' 

PLANT_~~-~~----------
LOCATION___ ---------

l.10ST FIELD DA";'A SHEET 
DATA SET a_.J._...., 

srAc•~ I.D. c.At 0ufteT 
OPERATOR_~~~ PQ~'3!L __ _ 
DRTE ______ 94~~~~--------RUN a _______ _L___________ · 
F[ELO BLANK I. D. : TENAX 

· TENA~'./CHARCOAL --:-::::: · ,, 
LEAK CHECK BEFORE_{Q~l~~J[~-~~1 
LEAK CHECK AFTER_~.O..&l.~Jlr~_,ii ~ 11' 
CARTRIDGE I. D.: TENAX _____________________ _ 

TENAX/CHAR ________________ _ \ 

--cr-----------------PRoeE NO. __ M __ ~J:--1-----------VOST HO. 
FILTER I~o:-----~-----------

PROBE HEATER-SET --~=S~~==== 
t1ETER BOX N~. ,Y-1--------------
Vd ______ ~~~-~--------------
Bp ____ ~3~~--------------------

COnQJtoY) :;l. ----
Diagram of sampl• location StC.\ '"\ It rile. 09 58 

----------------GAS-TEMPERATUREs;-oEG-c-------------------------------------
SAMPLING RATE 
1/min I ss ball 1 

PROBE 

. -... 
2 . I 3 

TENAX 1 TENAX 2 

------~---------~---------~---------·--------

~-~-- --1~--- _J~~---- __ !_~---- ---~~--
~-t__ --~~--- --~~~-- ---~----- ---~~---
~-~-- ___ ]_§___ -~~~--- ___ q_____ __!! ___ _ 
"'-( (0 1~<0 IO I\ 

~ 
____ j9~~-------~---------~--------

CONDENSATE SAMPLES: 

.----.----1 VOLUt1E GAS METERED I COMMENTS: 
~ 5 6 liters 

GAS OUT · HETER IN ~1ETER OUT INITIAL:_R'_Q.C~.Q Vac. 

~JL_~~ ~~!~~ ~~L~~ ~~~~ -~~ ~~1~~~ 
11 ~() ';tl 10 I 6~ ,,0 3 lO 

-------- --------- --------- ----------- ------ -----T------
~~ :1\ :;1.":1.. IS.~D f,QS3 tO -------- --------- --------- ----------- ------ -----~------
1<6, .::l l ;L":l.. 010,~-:1.. 1.~ 3 IO 

~I .:20. ~ ::2. I.e) '3 

SAMPLE I.D.: ________________ _ 
Cot-1t1ENTS: ------------------------·' .. 

. . ,,· .... 
,' :':~; . ~-' LA~L- :i- \)- \ 

': 

.. 

:o ,. 

Fro<JeO. o.~~ ~ ~ho.~ ~~ ~\roe 

~Q.s eN'\ \-rl cs·,c\.~ - ..:.....-

, .I 
~ 

.·· 

. I 1" . 
.··., . 



f" 
·I 
4 

' 
! . ; ~,· :·. ' . . -

' PLANT L U.H . 

~~~~~ig~==~=;~;:::: 
-~q..~~~~~~----DRTE ______ 94~~~--------

RUN •--------~----------FlELD BLANK I.D.: TENAX 
· TENAX/CHARCOAL--------- 1 

LEAK CHECK BEFORE~.{)..:~~Ril&l~J" d-1
1 

LEAK CHECK AFTER_~9..!lJ\!}J~Jr: JO 1' 
CARTRIDGE I. D.: · 

TEN AX 
TENAX/CHAR::::::::::::::::: 

\ 

I.'OST FIELD DATA SHEET 
DATA SET a_.f2 __ 

Diagram of sample location 

STACJ~ 1.0. c.A t ou+ leT __ () ________________ _ 
PROBE N0·--~--~--1----------VOST NO. 
FILTER 1~0~-----~-----------
PROBE HEATER-SET --~=::::::: 11ETER BOX NO. J/_I _____________ _ 
vd ______ u~~~~--------------
Bp ____ ~Q~~--------------------

c.on<l\ttoyt ;;z ----
Si-C\'(\ \1 rl\ e I 0 L( q 

-----------------------------------GAS-TEMPERATUREs;-oEG-c-------------------------------------
TlME 
minut.es 

SAMPLING RATE r VOLU11E GAS METERED I COMMENTS: 
l/min ss ball 1 2 3 4 5 6 liters 

;~~~~ ~~:~i~~ =~=~ =~:~~: ~~:~~= ~~~~~ ~~I=~ ~:~~= ~if~~!i ~~~~I=~]"," 
""' \ (5 13Cf q l:t ICf OlS =>l.( 3;~.15 1·53 .3 ~ ------ --------- --------- --------- -------- -------- --------- --------- ----------- ------ -----·------
v- \ (5' '1'3'1 q I""J- -:1t> ~4 ;t$ '3/.b'6 1.03 a 
------ --------- -------- --------- -------- -------- --------- --------- ----------- ------ _:L __ } _____ _ 
-. ( '1 S' I~ 0 g I~ 111 -:a 5' ::J. S' ~ 3, I 7 f, 0 3 ~1 · ------ --------- -------- --------- -------- --------~ --------- --------- ----------- ------ -- -- ------

Av~~\ 
.. ·---

1.03 ~l{ ·5"" Ql· b~ 

'\ COI~DENSATE SAMPLES: 
SAMPLE I.D.: ________________ _ 

Cmtt1ENTS: ------------------------
i . ' 
·~ ' . ~-

;·:·:·: ,; ... ·· 
...... ~. ·. . "", 

'· 

LANL- ~- V- :2.-
, I 

I. 

,·Jti '.' ' 
:' ,,. 

.. ,. ···"'· 
.:. ' 

.. •, 

,·, , .. 



. . 
. PLANT _.b-fN.1.~----~------LOCATION 
. OPERATOR:]:q....')j~-~Ylrt::: 

ORTE ______ l]t-~- 'iS~------- . 

VOST FIELD DATA SHEET 
DATA SET ~-~-- STACI~ I . D. _f-AJ ____ Q.\l±l~t ___ _ 

PROBE HO·--~--~l:--1----------VOST NO. 
FILTER I:o:-----~-----------

RUN I . PROBE HEATER-SET --~=~::::: 
FlELo-eCARR-Y:D.:-rEHAx-- 1·1ETER BOX NO._\/_!_ ____________ _ 

. TENA>VCHARCOAL --------- . 
LEAK CHECK BEFORE~J 11 Q~~'§;.:ft .26.5 1

\ 
LEAK CHECK AFTER_~-~~~g~~-f )qll. 
CARTRIDGE I. D.: I 

Vd------~~£L~~--------------
Bp ______ ~~~:l----------------

TEN AX 
c..ond',tto'() =z. ----\ 

TENAX/CHAR::::::::::::::::: 
S-\-o..'(\ \trl\e. I~ I b Diagram of sample location 

----------------GAS-TEMPEPATUREs;-oEG-c-------------------------------------
SAMPLING RATE r ·· · VOLU11E GAS METERED I COMMENTS: 
1/min ss ball 1 2 · 3 4 5 6 lit.ers 
· I PROBE TENA)< 1 TEt·fAX 2 GAS OUT . METER IN t1ETER OUT INITIAL:_~~!.]~-- Vac. 
------ --------- --------- --------- --------- -------- --------- --------- ---------- -~-- -----·------

TlME 
minut.es 

\A,.l (5 13~ q 1-:t ::10 ~7 5~ tjq.tp 1.0' 3 ., 
------ --------- --------- --------- --------- -------- --------- --------- ---------- ------ -----·------
lA. \ 7D 1~<6 ~ I\ d--1 '3 ~ g~ 5'-/. 6q, 1Jr 3 7 
------ --------- -------- --------- -------- -------- --------- --------- ----------- ---~ -----·------
V'- \ '?S i~l 9 10 ~o 3~ ~7 60 .I~ 1 . .0 .3 t 
------ --------- -------- --------- -------- -------- --------- --------- ----------- ------ -----+------
""" ( 7~ 144 8 /0 ;;10 40 -gq I;G. 60 f.~ '3 tt 

--------------- --------- -------- ---------·-------- --------~ ---------~--------- ----------- ------ -----·------

-·~~~i\ 
---------~--------±--------+---------~---------~-----------~------~-----·------
---------·-------- --------r---------r-~-------r-----------1----------------------------~ ________ _l________ --------- ::~------ --~!~-~~----~~-~J-----------~ 

CONDENSATE SAMPLES: 
SAMPLE I.D.: ________________ _ 

Cm1t1ENTS: ------------------------
I ~ ' , 

I ' ,.. •• ....... 
f ,; ' . ~ 
(•': 

t • .,.' ... 

•. ··;I ' ... 

· Lf\ t\\ L - ::J. - V - 3 

..•.: 

... 

·, '·· 
. . . '~· 

:., .... 

;· .. 
·, 

... ... 

':·_:.-.:':, 



PLANT_1~J.~· --~------
.LOCATION___ --------
OPERATOR_~~~~Y)!l __ _ 
OATE ______ 9i-~~~~-T~---
RUN a ...z:?a. '"' 
FlELD-8CmlK-I~o~: TENAx:: ______ _ 

· · TENAX/CHARCOAL . 
LEAK CHECK BEFORE_~Q.! \ '~!M~IJ' J I 1' 
LEAK CHECK AFTER_~..Q..J~!i..~~-..() ~I ·S '' 
CARTRIDGE I.O.: · 

. TENAX----------------------. TENAXICHAR ________________ _ \ 

VOST FIELD DATA SHEET 
DATA SET # _LQ __ 

Diagram of sample loc:at.i-:-~ 

STACK I. D. c.A l ou+ let
PROBE NO. --7)5----------------__ u ___ ]: __ l __________ _ 
VOST NO. 
FILTER 1~0:-----~-----------
PROBE HEATER-SET --~8:~:::: tiETER BOX NO._\/_!_ ____________ _ 
Vd ______ ~Jl~-~~--------------
Bp------~~~~~----------------

c.r..>nuJto'() .:2.. ----
SiC\'(\ \1 rl\ e. l3~.:l. 

----------------GAS-TEMPERATUREs;-oEs-c-------------------------------------
TlME 

1 
SAMPLING RATE r . VOLU11E GAS METERED, COMMENTS: 

mi.nut.es 1/min ss ball 1 2 · 3 .t. 5 6 1 i ters 
· I PROBE TENA~< 1 TENAX 2 GAS OUT METER IN t1ETER OUT INITIAL: __ ~Q_!..3l2, Vac. .. 

------- ------ --------- --------- --------- --------- -------- --------- --------- ---------- -~-- -----I------1" 
6 .A_'( .(0 1~3 1'3 ''5 ;l "'3€ 3b '11· 51 1.0$3 {() . '·,," -------- ------ --------- --------- --------- --------- ----~--- --------- --------- ---------- ------ ----- ------

10 "'"\ '"1'5" tl{f, ID J;l :16 "3l 3~ 76.qs- 1·9"3 II 
------- ------ --------- -------- --------- -------- -------- --------- --------- ----------- ------ -----T------

15 v-- \ cS .\"\6 lb 1'-\ ':l..."':L. '31 ~5 ~~.3c J,.63 I( 
------- ------ -------- -------- --------- -------- -------- --------- --------- ----------- ------ -----T------

. ;;f) """ ( [ S ll{5 I 0 I ':l ~ I '3 5 ~ 3 «6 7• 47 f, 0 3 I I ------ --------- -------- --------- -------- -------- --------- --------- ----------- ------ -----·------

Av~P._\ 
-·---

1.0'3 3'b ;;;21· \"1 

CONDENSATE SAMPLES: \~ . 
SAMPLE I.O.: ________________ _ 

C0~111ENTS: ------------------------
~i. . i. 

~ . 
· . .' . :; ,•. 
;';·.:: .· .. ,: 
.·~. . . ·. ' ' 

Ll\~ L- ::2..~ \J l1 .. 
' ' ~ ~·:, • ' I 

~ .. ::... . .. 

1~ ·;~i.:~: ' .:,~; . ~ ·. 

···.:yet... ·'· · .. 
;' .. :. :". 

:•·"'-· 

·. ;. ~·: 

'>· 
. " 

. ,. 



; 

PLANT_k~~~------------
LOCATION___ ---------
OPERATOR_~~~t~~V}fl __ _ 
DRTE ______ gt~~~--------

RUN •----------~--------

1.10ST FIELD DATA SHEET 
OATA SET •_lL__ S~ACK I.D._~~J----~~±1~1: ___ _ 

PROBE NO·--~--?J: __ l __________ _ 
VOST NO. 
FILTER 1~0~-----~-----------
PROBE HEATER-SET --~=~:~::: t·tETER BOX NO._\/_! _____________ _ FlELD BLANK I.D.: TENAX _________ . 

· TENA)VCHARCOAL · .11 . 
LEAK CHECK BEFORE_~Q.-J~:!ffii[~Efi J I 
LEAK CHECK AFTER_.1:.Ql-1~_31~~-i- tf6H . 

Vd------~~~~~--------------
Bp-----~~--:l----------------

CARTRIDGE I. D.: . ' TENAX _____________________ _ 
TENAX/CHAR ________________ _ 

c.on<iJtoY) :2.. .. 

S1C\'(\ ltMe.. I li Ll <6 
\ 

Diagram of sample location 

-·;;~~---T~~~~-~;;---~-----------~---GAS-TEHPERATUREs;-oEG-c------------------ ~~~~~-~.;;~ll~~~~~~--
minutes 1/min 1 ss ball 1 2 - 3 4 5 6 1 i ters: 0 

. PROBE TENA~< 1 TENAX 2 GAS OUT . METER IN ~tETER OUT INITIAL: ~~. q <t V 
------- ------ --------- --------- --------- --------- -------- ------ ·-- --------- --------==-=~== --~~-·------

.""'- t '15 l \..\ 9 I ":!. I -;a. ~ ' 3 ~ '3-, q 3 . SD I. CY -:2 1 · 
-------- ------ --------- --------- --------- -------- -------- --------- --------- ---------- ----~ -----1------

"'" \ 1~ tL.\\ \":l. \3 -::l.-:2. t "3ti 38, '1~·15' ,.93 ...., ------- ------ --------- -------- --------- -------- ---··---- --~ ------ --------- ----------- ------ --l--·------
15 """ \ 'l S j 3q I '"b I !:. ;l ~ L\ () ~ \ 1 QU , :>..,-::a.. J, 0 3 ( 

:~~ ~!:: ~~:=: =:~c£:= :J~: :=~~::Jl~~~.~~::r=~-==: ~~~~ :~~ =-~:=~ 
--------"------~---------~---------r---------~---------r--------+---------r---------~-----------~------~-----·------

------- ------ -----··--- -------- --------- -------- -------- --------- --------- -----------1------·------------
-~~~j>JJ[ _____ _] ________ _] ________ ][ _________ t__ ______ ][ ________ I _________ ~------[-~~~----~~-~1--~---------

CONDENSATE SAMPLES: 

SAMPLE I.O.: ________________ _ 
Cm1t1ENTS: ------------------------

·~· . ~ ·: .. 
·,1 .'/'' 

.... __.:·.. • •• j 

'· LAtiL - -:J..-'-1- 5 

' . · .. ~ .... .·· , .. 
~ . ......: 

., 

·· .. .' .. \ ,, . ~ .. • 
I~: ~ . ' .. 

:I·.,·, :. ~. ~ 

·, 
··'· ... 

'· ·. 
I."., ... ·. ~.··; 

~ .. 



".~. : . ~:. ; 

:. PLANT. L M.. \ ' > : : - . . 

~~~~~~g~==~=~~~=== DATE _____ ~~~-------. RUN a ______ !b ___________ · 
FlELD BLANK I. D.: TENAX 

· TENAX/CHARCOAL--------- · 
LEAK CHECK BEFORE.:{.l>!.L hJ!iJii~:<S" .;a'. J 
LEAK CHECK AFTER_.=:-_~.!.l~.:.%t~ ff CJ. t II 
CARTRIDGE I. D.: . · 

TEN AX 
TENAX/CHAR::::::::::::::::: 

\ 

VOST FIELD PATA SHEET 
DATA SET •--~""" 

''. 

Diagram of sampl• location 

sTACI~ 1. D. cA t ou+ I e T --cr-----------------PROBE NO. __ U--~--1----------VOST NO. 
FILTER I:o:------~v~-----------

PROBE HEATER-SET~~:::::::: METER BOX NO._V_! _____________ _ 

Yd ______ G-~9-~~--------------Bp ____________________________ _ 

conc\Jto'() :;2.. ----
S{CA.'(\ ttrile. IS:l."l 

----------------GAS-TEMPERATUREs;-oEG-c-------------------------------------
TlME 
minutes 

SAMPLING RATE VOLU11E GAS METERED I COMMENTS: 
1/min ss ball 1 2 3 4 5 6 liters 
. . PROBE TENA~< 1 TEI~AX 2 GAS OUT . METER IN ~1ETER OUT. INITIAL:_!LQ.!_ (:,J._ Vac. · _ 
------ --------- --------- --------· --------- -------- --------- --------- ---------- -~-- -----L------1-" 
~-~- ___ ]§"___ __!:?..~-- __ l.~---- __ }_~--- --=--~--- __ !!~---- __ !i_1_____ _u_~-'-~~- _L·~l -~-J______ -,"' 
~j__ _ __ ]_"~;)___ -'-~~--- __ j~---- ---~~--- --~~--- --~]_____ --~~~---- L~-~ll~~--- -~~~ __ '] __ • _____ _ 
~-~-- --~f' ___ -~~~:: __ __ 11 _______ 1~--- --~~--- --~~---- --~~---- L~~~~~-- -~~~ --~--~----~-
_:-_1__ ----~~-- _l~"]___ __I~---- __ {j____ __:~---· __ lfi ____ .. __ ~!:____ L~~~-~g___ -~:?:-~ -~--.. ------

-~~¥:~~~-~----.. ---------~-------- 4C6 ,q.~ :2.. 

CONDENSATE SAMPLES: 
. . . 
L.,. .. . I 

SAMPLE I.D.: ________________ _ 
Cm111ENTS: ------------------------'· 

..... . ... _ 

<>: ···~ . :. 
·.· . 
:,:•. 

r;,iy, :: : ...... · 
. -;' /:}·"· ;! >·~; ~- ; 

) ' ..... ~ ... ;·~· :'· ~- .: ~f ':.,.: 

.; .. . 
. I" • ~ •. t • 

LJ\NL- -:J. - V- (. 
. ,I 

. :•·"-· ' . 
.. :·~ '· 

l ~ • • :· •• 

-~ .. ' 

~· . 



i 

.... . . . . 

.PlANT_1~~~-------LOCATION 

VOST FIELD DATA SHEET 
DATA SET a_j~-

STAC·~ I . D. _f-A} ____ Q.~t!~t ___ _ PROBE NO. __ u __ ?J: __ i __________ _ 
VOST NO. OPERATOR=~~~ PP.~'l!l::: 

DRTE ______ 9f-b-J..'tS~------- . RUN • ________ L __________ _ FILTER I~O~-----~-----------
PROBE HEATER-SET --~=~~~=== 
t1ETER BOX NO. ~-I--------------FlELD BLANK I. 0. : TENAX 

TENA:VCHARCOAL --------- · : tl 
LEAK CHECK BEFORE -6.0 • \ '~l~ti_ i ;11 Vd ______ L~~-~-~--------------

Bp _____ ~~L~-----------------

CO'nU\tto'() -~3'---_ 
LEAK CHECK AFTER_~Q..:l~tl~~i_~ ~I, 5 ll ... 
CARTRIDGE I. D.: · . 

SiC\"<"\ ltl-Y\e. IO 3~ 
TEN AX 
TENAX/CHAR::::::::::::::::: 

\; 

Diagram of sample location 

----------------GAS-TERPERRTUREs;-oEG-c-------------------------------------
TU1E 
minutes 

SAMPLING RATE r -- VOLUt1E GAS METERED I COMMENTS: 
1/min ss ball 1 2 3 4 5 6 liters 
. I PROBE TENA:< 1 TENAX 2 GAS OUT . METER IN ~1ETER OUT INITIAL: 0, 00 ~ 
------ --------- --------- --------- -------- -------- --------- --------- ________ ::-:~:: --~s-~------
__ , '15'" \3c:> '\5 13 1~ ::2'{- ~s s:oc 1.03 r, 
------ --------- --------- --------- --------- -------- --------- --------- ---------- ------ -----~------
v-.. \ 1~ 1a,":l. 16 l::t ~~ .;l.'-\ ;15" ro.oo ,.0 .3 10 
------ --------- --------- --------- -------- -------- --------- --------- ----------- ------ -----+------
~\ iD '135 I~ II /f; :z'-l oa..b 15.0/ f,QS3 II 
------ --------- -------- --------- -------- -------- --------- --------- ----------- ------ -----·------
"'"' ( 1 D I 3 :l.. 14 I :2. I q ;;l S :z ~ ~c,. l ~ 1. 0 3 I I --------- -------- --------~ ---·------ --------- ----------- ------ _____ ... _____ _ 

. ~~~l[~=r~~=~~I~=~= -;;z.G" ~o.l4 1 . .0 3 

.• 

, 
I 

CONDENSATE SAMPLES: 
SAMPLE I.O.: ________________ _ 

Cm1t·1ENTS: ------------------------
-. 

LA~L-3-\J-\ 
.I 

I··~· 

~ . i. : ";: 

. ~~ 

... •: 
· ..... ". .• .. \ 

:•. 

'' .•. . ·'· 
"t. 



. ·~ 

• PLANT _,b.}}.}~~·-----~-----
LOCATION 
OPERATOR=~~~tPQ~'5!l::: 
OATE ______ 9~.,P4-'iSJ= _______ . 
RUN # _______ 3, ___________ . 
FlELO BLANK I. D.: TENAX 

· TENAX/CHARCO~L --------- •. 
LEAK CHECK BEFORE5_9..!\ 'JE.\::~fi" C). I ;4S'l 
LEAK CHECK AFTER_~..Q!.r:~~-'" ;;.. \ ~\ 
CARTRIDGE I. D.: : . 

TEN AX 
TENAX/CHAR::::::::::::::::: 

'~ . 

· '..10ST FIELD DATA SHEET 
DATA SET •_15.:..., 

. 

Diagram of s~mpl~ location 

. . . 

STACt~ I. D. _f-A]. ____ ~±l~t ___ _ 
PROBE NO. __ u __ ?J: __ l __________ _ 
VOST NO. 
FILTER 1~0~-----~-----------
PROBE HEATER-SET --~=::::: 
t1ETER BOX NO. _V_!_ ______ .:_ _____ _ 
Yd ______ ~Jl~~--------------
Bp------~~~~-----------------

c..ond·,tto'() 3 
__..;;~--

S1-o.'(\ itrile. IJ09 
----------------GAS-TEHPERRTURE57-oEG-c-------------------------------------

TlME 
minutes 

Av~P._\ 
-·---

SAMPLING RATE r - · VDLUt1E GAS METERED I COMMENTS: 
1/min ss ball 1 2 3 4 5 6 liters 
· I PROBE TENAX 1 TENAX 2 GAS OUT . HETER IN ~1ETER OUT INITIAL:_~~:..'Jl __ VC\C. 
------;--------- --------- --------- --------- -------- --------- --------- ---------- -~-- -----·------

(5 ':l.l.\ :20 ..20 .;2.3 3 ~ '3 ':2_ - '·~ :1 ,, ______ ]_________ --------- --------- -------- -------- --------- --------- ---------- ------ -----·------
"" \ 15 131 :;,a ':l.~ ;15" "5 '3 ~3 S£. 1-::1- 1/J :l II ------ --------- -------- --------- -------- -------- --------- --------- ----------- ------ -----·------

'10 ·i"3\ ":).0 I~ ;lS 3,3 '33 6f,{Cj f,.¢2 l:L. ______ "_________ -------- --------- -------- -------- --------- --------- ----------- ------ -----·------
------... ---~~-- _l?.:i__ --~~----- -~-~--- _.?_~ --·· --~-~----.. --~-~---- -~§>..:.i~-- -~-~ _1:::-_ .. _____ _ 

~3 ~0.11 r.fo2 

CONDENSATE SAMPLES: 

SAMPLE I.D.: ________________ _ 
cmn1ENTs: __ :~:~~~---J~~~~-.:.S iruwV- ~ <5' ~'<!:> • ~ex e. . ~~l~ 

:~:';. i.·~ 
. ·; >~~ · ... ·. 

I LA\lL- 7>~V- 3 . ,I 

., . 
!j '; . ~·;·;·.. .• ~ 

·J· .. -. .. ( ' :. i. 

'o' • I': ~-~ ., 
. . ·· '.' '· . . ·"-· .. ". 

.· ... :. . . 
:•, .. •'· 

~· ~ .. ;, ~ 

'· 



.. . .;. '. 

:PLANT_~~J.~·-· ----~------
LOCATION_ _ ---------OPERATOR_~~ PP.~')!L __ _ 
DRTE _____ :94~-~~~-------
RUN •--------~----------FIELD BLANK I. D.: TENAX 

· · TENAX/CHARCO~ ---------
LEAK CHECK BEFORE< q_,C" ~tJ:fil~i: ::2 \ 

1
\ 

LEAK CHECK AFTER_~Q~ _ 9:{:M~!l..c). I 11 

CARTRIDGE I. D.: . 
TENAX----------------------TENAXICHAR ________________ _ '\ 

1..10ST FIELD DATA SHEET 
DATA SET •-L~--

Diagram of samplP location 

STACK I. D. (,~ t Ouf fet __ () ________________ _ 
PROBE NO. __ U __ ~J:--1----------
VOST NO. 

---------~-----------
~~~~~RH~A~ER-SETJ~-~:::::: 
t·1ETER BOX NO • ..,¥._! _____________ _ 
vd ______ uSl~-~-~--------------
Bp ______ ~a~~----------------· 

conu\tlo'(). _ __,_Lf_· __ 

s-+C\'(\ ltYt\e. 175b 
----------------GAS-TEHPERATUREs;-oEG-c------------------

TIME 
minutes 

COMMENTS: SAMPLING RATE 
1/min I ss ball 1 

PROBE 
2 

TENAl< 1 
3 

TEt·fAX I l
VOLUt1E GAS METERED 

4 5 6 1 i ters 
2 I GAS OUT . METER IN t1ETER OUT. INITIAL:_~-~.:..<§3 __ 

-------- --------- --------- ----------,-~-----------~---------~--------~ 
..A..t 

~~~:t~i~±~rt~~ 
~0 

~~ ~_i __ 
7C I f-3:2.. V'o \ . _, 

---~~--J_j~~-- --~~-----t--~~---

:;2'3 

;73 

-_, ·._~ 

34 
'34 
·-J -"' 

o.J v 

.;2-:2. I 33 

/.j$ ;2 ------
1·% :z. 

3oz. I 7~.03 
---------t----------

'17· I() 3:2. 

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

--~-~---~-~~~~~---1-~~~~-!:.:_~------
~ :j_ '{, 7 1 .;l 0 ,, p :2, 

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

~:z --- ,;x~. -::;-, '·".). 
~~· CONDENSATE SAMPLES: 

\ ·, . 
,. 
I• •• ., . •. 

: f I 

•l ;~ i'.•J'l •• 
·.~~: .'.:; 

SAMPLE I.D.: ________________ _ 
COt1t1ENTS: ------------------------

LAML -~- \J- ~ , ,I 

·, 

I 

' '~I 

··. •' ~ . I ,'' 

:.· ..... ;,• .. 
. . \ ' . ~ 

· .. 
;· ·':.· 

. . 
'. ' ·~ ,\. 

~ ........ 
~ 



' 
t 
I 

l 
' 

, . .J., 

PLANT_~~Ja~: ----------LOCATION 
OPERATOR=~cr-~t~--)1![::: 
ORTE ______ g _f:t. 1S-------- . 
RUN# ·· 
FlELD-BLAHK-I~o.:-rENAx--

'-10ST FIELD DATA SHEET 
DATA SET a _L] _ _, 

STAc•~ I. D. c..A! Ouf let---7)-----------------PROBE NO. __ u __ ?J: __ l __________ _ 
VOST NO. 
FILTER I~D~-----~-----------
PROBE HEATER-SET --~~::::: 

. TENAX/CHARCO~L --------- . . 11 
LEAK CHEC~ BEFORE_~O~l~~,{Ii-m~J ~ \ ,5 
LEAK CHECK AFTER~~t1:!:.l!~ltA~-Cl: Q\.S:' 

tiETER BOX NO. _V_I_ ____________ _ 
Vd ______ L_~~~~--------------
Bp _____ :L~~--~----------------

CARTRIDGE I.D.: : I c.ond·\tto'() .3 -TEN AX 
' \ TENAX/CHAR::::::::::::::::: 

s-t~~\ It l-Yle. 1q :;).4 

TlME 
minutes 

~~~~\ 

Diagram oF sample location 

----------------GAS-TERPERATURE57-5Es-c-------------------------------------
SAMPLING RATE -- · VOLUtiE GAS METERED I COMMENTS: 
1/min 1 ss: ball 1 2 3 4 5 6 liters 

· PROBE TENA)< 1 TEt·lAX 2 GAS OUT . METER IN ~tETER OUT INITIAL: f> 7, 7 S"' V 
------ --------- --------- --------- -·-------- -------- --------- --------- --------==-=~== --~~-·------
-.t t-r5 t3"::l. ~/4 13 1<6 ~<;, ;~S Cf3.3::t.. 1.0:1. 14 ------ --------- --------- --------- -------- -------- --------- --------- ---------- ------ -----·------
""" \ {S 134 IS I~ If:> ;;~.$ :15' q<6,«61 f.G'"2. 13 ------ --------- --------- --------- -------- -------- --------- --------- ----------- ------ -----~------
"""' \ '15' .to(· 15'" IL\ 18 :2S"' ~5"' IOL{, 30 f,Q{:2. l3 
------ --------- -------- --------- -------- -------- --------- --------- ----------- ------ -----T------
"'- ( I S I 3 3 ll\ I '3 1 ~ ':l S ::z. '\- 16(1 nt.\ I. 0' .2 13 ------ --------- -------- --------- -------- --------· _________ .. _________ -------. .,._ ------ -----·------

---------~------------------1---------[~~-----[--~~~~-~---]-~~~~~------------
_________ l ________ _l________ --------- --------- ----------- -------------------

CONDENSATE SAMPLES: 
. SAMPLE I.D.: ________________ _ 

cmtt1ENTS: ------------------------
••• ..1 

. LAN.\... - ~-\.I - s- I 
I ·;.:' '• ...... 

·i. 

; 

' 

,. 
,•: .. . .. ? . ; 

) ~- l ..... 

I 

l 

. . I 
, . 

... ..... . 

.· ..... 
. .. '. 

,· ··;.; t\. 
.. 

·. . ' ~ 

. ,, ~: 

. ' 

. ' ... 



. . •} . 
·r·.. ·. · .... _ .. ·~~·~, . . . . 

~~~~-=~:;~:n.:::: . 
-~~~~~~- ---DATE ______ 94- ~--------

RUN I · 
F[ELD-aCAHR-Y~o~:-rENAx--

. TENAX/CHARCO~t--------- . ~ 
LEAK CHECK BEFORE o1.. O, \ ~\I~1Ni::fi: :11 • S 
LEAK CHECK AFTER.:{Q~~~-(~l·S" .. 
CARTRIDGE I. D.: . . · 

TEN AX 
·. TENAX/CHAR::::::::::::::::: 

\ 

\,lOST FIELD DATA SHEET 
DATA SET # _LZ __ 

' .. 

Diagram of sample location 

STACJ~ I .D. GAt Ouf fet __ () ________________ _ 
PROBE NO·--~--~J:--1----------VOST NO. 
FILTER I~O~-----~-----------
PROBE HEATER-SET ___ ~:::::: 
t-1ETER BOX NO.,Y._! _____________ _ 

Vd _____ j~Jl~-~-~--------------
Bp _____ ~Q~~~----------------

con<t,tta'() 3. 
--==~--

s-+o.'(\ \tMe ,qs-, 
----------------GAS-TEMPERATUREs;-oEG-c-------------------------------------

TIME 
1 

SAMPLING RATE r VOLUt1E GAS METERED, COMMENTS: 
minutes 1/min ss ball 1 2 · 3 4 5 6 liters 

· I PROBE TENA:< 1 TEt·lAX 2 GAS OUT . METER IN ~1ETER OUT INITIAL:_j_9~2l-:2.. __ VC\C. · .. 
-------~------ --------- --------- --------~ --------- -------- --------- --------- ---------- -~-- _____ l _____ _ 

-. t .~s \';1.7 \5 IL\ \"7 ~s- ~3 IS .-,3 /.03 7 
--------~------ --------- --------- --------- -------- -------- --------- --------- ---------- ------ -----~------

"'- \ '10 1 'Q \ ,r; '6 l<t, ::2s- ~I{ c;.o .q7 ,.~ 3 q 
------ --------- -------- --------- -------- -------- --------- --------- ----------- ------ -----T------
V'- \ ~S . 1"3 3 IS 13 I<{, ?S :::z.L{ ~b .:zo /. fS 3 I D 
------ -------- -------- --------- -------- -------- --------- --------- ----------- ------ -----·------
~ l '7D 165' IY 14 11S ;J.~ ;t.l\ gt,4.G:, 1.0"3 lb ------ --------- -------- --------- -------- --------· _________ [_________ ----------- ------ -----·------

A·~ ~I --~~:=J~~~~~~~~~J~~~~~~~~~I~~~~:Ip~~~~~~~~::~~~~~~~~I+~~~~~~~~~t:;~~c[~~~~=:l:~~~:=:==:~:~ 
----~-Jl-~-~-- --------- -------- --------- ________ _l ________ --------- --------- __________________ j ___________ _ 

. . CONDENSATE SAMPLES: 
I . ' . 

SAMPLE I.D.: ________________ _ 
Cm1t1ENTS: ------------------------

LA NL- s- \)- '6 
',I 

,·, . 

:. · ..... 

.. ; ··.~ .. ··~:. 

·.·.-·. 
·'• 

• .• · .i·. 

-....__ 
'-.., 



! 
'! 

. 

I 

.. 
. ' 

PLANT_~~~~----------LOCATJON 
OPERATOR=~iitpQ~~!L::: 

'-'OST FIELD DATA SHEET 
DATA SET # _lf\.-

STACI~ I. D. c.A t Ouf let __ () ________________ _ 

~~~~EN~~---M--~l:--1-----------
FILTER 1~0~-----~----------
PROBE HEATER-SET --~~~:::: 

OATE ______ 9 _ _J..'iS~------- . 
RUN# . 
F(ELo-sCAFIR-t.o~:-rENAx-- HETER BOX NO._\/_! _____________ _ 

rENA~</CHARcoAL --------- l 

LEAK CHECK BEFORE~.Q.~a7f!7h,E_-:;J I 15 1 

LEAK CHECK AFTER_-::,£>.!.L~{i ~u_..;z I " ; 
CARTRIDGE I. D.: : I 

Vd _____ j~-~~-~~--------------
Bp _____ Qt3~1~-----------------

c.cnd.\tto'() 3 ~·-· . , ... 
TEN AX 

I \ 

TEN AX/CHAR::::::::::::::::: 
s1"'"<"\ Ttrile \34 9 

TlME 
mi.nutes 

Diagram of sample location 

----------------------------------GRS-TEHPERATUREs;-oEG-c-------------------------------------

SAMPLING RATE I VOLU11E GAS METERED I COMMENTS: . 
1/min ss ball 1 2 · 3 ~ 5 6 liters 
. I PROBE TENA~< 1 TEI·lAX 2 GAS OUT . METER IN ~1ETER OUT INITIAL: 33 · 6 -:l.. V 
------ --------- --------- --------- --------- -------- --------- --------- --------==-=~== --~~-·------
.A. t '15 ' :1. b \3 1 b t <6 ~ '3 :2. ~ '"38 I sl( 1. t> :1 If ------ --------- --------- --------- -------- -------- --------- --------- ---------- ------ -----·------
"" \ 1"5 r-oo t":l. IS 19 ;:>'-l ~s t{3.go ,.0.::2 tl ------ --------- ------- --------- -------- -------- --------- --------- ----------- ------ -----·------v-.\ -zt; '13":1.. 1:2. t.:aiS ;J.O ::tS J.7 t(Cf.CD f,f'l::L tt 
------ --------- -------- --------- -------- -------- --------- --------- ----------- ------ -----~------
--( '""0 1'3\ ..)k\f:l.. l4~ ;>~ .a--s.:1b ~g s3,a~ 1.~;2 1\ ------ ----~---- -------- --------- -------- --------~ --------- --------- ------~---- ------ -----·------

c ·-------~------~---------"--------~---------~------------------·---------~---------~-----------~------~------------

Av~~\ 
·---

;)$ 

CONDENSATE SAMPLES: 

'I 
· SAMPLE I • 0. : ----------------- C0~111ENTS: ------------------------

.:· . ~ 
I 

,'.:: .... 
'• 1 J • 

. ; ;:.1' . ; ··,, 
I ... •, 

:~ :! • ... 

;:.;'·.-•. l;·: ; :' 
''·:. . . :: .. 

I. 

,. ,. 
: . ·, ~ 

·L.I\t\L- '-\ ~ \J - \ 

.•.: 

~Ol-\{, l.b 

' ' 

' .... '. 
·,. _,! 

: t '"'· 

... \~ 

...-- ,. . ·' ··· .. ,·· .. 
I • 

. 
:s;. .. 



(' 

1 ( 

. ~ 
I 

i 
I 
I 

l 

I 

I· 

- .',•, 

·: '· 
' ' '· 

'·PlANT ..1Hll.!z.~-----
LOCATioN___ --------
OPERATOR_~~~~~!l---
DATE ______ 9~~~~~-------RUN a _______ a ___________ · 
FlELD BLANK I. 0. : TENAX 

I.'OST FIELD DATA SHEET 
DATA SET I _J.,{)._ 

•. 

STACt~ I. D. c.A t Ouf fet __ () ________________ _ 
PROBE NO. __ M __ ~J:--1----------
VOST NO. 
FILTER I~o~:::::-&i~-:3:~::::: 
PROBE HEATER SET ___ ~--------

· · TENAX/CHARCOAL --------- . 
LEAK CHECK BEFORE~..!E'J.{~J.M;~~=;) \ • 5'" . 
LEAK CHECK AFTER_~..:].!~~~.() J7 ,. · . . 

HETER BOX NO._V_! _____________ _ 

Vd ______ G~~-~~--------------Bp _____ -~~~(3 _______________ _ 

. CARTRIDGE I .D.: . 1 . conchttoY) ....... ~ _. _ 
TENAX ·;., . ---------------------- \ TENAX/CHAR_________________ ' 

Si-C\'(\ TtM~ t'-l30 Diagram of s~mple location 

----------------GAS-TERPERAfGR£5;-oEG-c-------------------------------------
SAMPLING RATE 
1/min I ss ball 

r-- r--------, VOLUt1E GAS METE REO I COMMENTS: 
1 

PROBE 

------]-.-.:J? ___ t __ 19_~--
~-t__ _ __ ]L~--- -~~~-

--~~-- -~~~~--
'15 

2 · 3 4 5 6 1 i ters I{ 

-~~~~~-~- -~~~~~-~- ~~=-~~~- -~~~~~-~~ ~~~~~-~~~ ~~~~~~~~=~=~~: -~~~-1---~~-
t \ I~ l c1 3\ 3-:::2- 5'1.15 /.9J;:l ~ 

--------- --------- -------- --------- --------- ---------- ------ -----~------
' D I 3 l 9 3 \ ~ :l. {,4,. <66 I • ~?. £ 

--------- --------- -------- --------- --------- ----------- ------ -----·------
1 c1 31 3 2 70• 0<6 /.,95:2 (. -------- --------- --------- ----------- ------ -----·------

__ l_j_____ ---~-~--_ .. __ ?_::___ _.]?..!.:t..::._ -~:.~-~ _f __ ~--------~-----t---. !1 __ _ __ :t_____ __J_~---

3:L .x>.l~ r.~J. 

~; :. CONDENSATE SAMPLES: · . ". ",: .. ;~.< 
. :.~:. :·· .· •. '·· SAMPLE I.O.: 

' • ,J. ----------------- CO~tt-tENTS: ------------------------
. , .. 

.;. 1'. 

, LA 1\)l- 4- \f · :2... .. I · .. '· 

. .. 

·.~ .. ·. ~. ·'· ·.·\ 
· .... 

,'\' 

.., ~ . : .. f' ·:· '• l•o 

.. ,. 
;, 

'It ... . ! ". ~. ' • ·r:. 

....____. 
.... , 

'-., 



· .... : .. · .. 

PLANT_1~Ja~----------LOCATION 
OPERATOR=jg~\tt~~Y)![::: 
DATE ______ 9~..7-J-JS~------- .: 
RUN a ""'3. . 
FlELo-eCAAR-I~o~:-rENAx--

. · TENAX/CHARCO~--------- · 
LEAK CHECK BEFORES..,Q.·~ 1 ri~{E~l. S'1l 
LEAK CHECK AFTER~-~.L~ ~-{[\1 '1 

1 • 

CARTRIDGE I. D.: ' · , 
TENAX : ·. 
TENAX/CHAR::::::::::::::::: 

' ... 

': 

VOST FIELD DATA SHEET 
DATA SET # -~~-

' 

Diagram of s~mple l~cation 

STAC·~ I. D. c...A t ou+ leT __ () ________________ _ 
PROBE NO. __ U.-~J:--1----------
VOST NO. 
FILTER I~O~-----~-----------
PROBE HEATER-SET --~~J!~::: 
t·tETER BOX NO. ~-L-------------
~d ______ wJl~l~~--------------
P------~~~~----------------

(..Q'r)Q\tto'() ~ 

Si-o.'(\ ltY-Ae. {5 S"'b 
----------------GAS-TEMPERATUREs:-oEG-c-------------------------------------

TlME I SAMPLING RATE ,. - VOLUt1E GAS METERED I COMMENTS: 
1/min Iss ball 1 2 · 3 4 5 6 lit.ers . 1 

PROBE TENA)< 1 TENAX 2 GAS OUT . MfTER IN ttETER OUT INITIAL: _2_~~C( ~- VO. C. 

------- ------ --------- --------- --------- --------- -------- --------- --------- -~~- ~~-- -----·------
6 ""-l (0 1'3Lt ,, t:l ;.;J6 33 '33 ' '·"':;J. ~ 

-------- ------ --------- --------- --------- --------- -------- --------- --------- ---~. __ L: __ -----·------

_____ !Q ~-~-- ---~~-- __ J~~--- __ l~---- ---~~--- -~·~--- --~9____ --~:L____ -~~~~-- -~~~ --~---------
-----~~ ~-~-- __ ie> ___ _ J~~--- __ L~---- ---~~--- ---~~--- --~-~---- __ }_~--- -~-l~Q-~--- -~~~ --~--------

. ~ .:-_!__ _ __ '!_Q____ _!~Q-~- --~~----- ---~L__ __lj __ ···--~j ___ .. __ ~_i____ -~P-~-~~--- _!:.~-~ --~------

Av~P._\ 
·---

CONDENSATE SAMPLES: 
SAMPLE I.D.: ________________ _ 

.,... 
·, ' 
. ;I'. . , ; : .. .. . . ' ... :~. . 

··:·: : :·. . .... 

... . ~' . 

,. 

·: ··. 
.. · .· 

34 .JO. \S 1.,.0 :2 

COt1t1ENTS: ------------------------
,· 

Lt\t~L .;.l\- \1 - '3 .. 

I 

·,, .'-'!'·.·, 
! 

;• 

··'· 
.... • 
-: ...... :,, 
; . ·'· 

\' 

• ., 

·'· 

'.' . .. ~. 



,.. 

I 

·-·· .. 
. •. , . . . ~ . 

·r;.:. , . .. . 
· ... J. .. 

: PLANT _1-mJ.~! ----~-~----
LOCATION . 
OPERATOR::EE-~n:::: .. · 
ORTE ______ 94~~ ~--------
RUN a-------- ----------- ' FlELO BLANK I.D.: TENAX 

· TENAX/CHARCOAL --------- · , I) 

LEAK CHECK BEFORE ~QJ,!'t(~~-~}) :1\ 5 
LEAK CHECK AFTER~.Q!L~l~dt-l\Ii:Yj.\,5 ''·, 
CARTRIDGE I. D.: . ! . 

TEN AX 
TENAX/CHAR::::::::::::::::: 

~ I . 

VOST FIELD DATA SHEET 
DATA SET •-~ 

'·;. 

Diagram of sample location 

STACK I. D. c..A t ou+ leT __ () ________________ _ 
PROBE NO. __ M--~--1----------VOST NO. 
FILTER 1~0~-----~-----------
PROBE HEATER-SET --~:l3d:::: METER BOX NO.~_! _____________ _ 
Vd ______ GJl~-~-2: _____________ _ 
BP------~~~j~----------------

cond.\tLo'() 

siC\'(\ -r,Yv'le lt.,3 <& 

·~· . 

----------------GAS-TEHPERATUREs;-oEG-c-------------------------------------
TIME SAMPLING RATE 

1/min I ss ball 1 
PROBE 

2 
TENAX 1 

3 
TENAX 

-,----r----1 VOLUt1E GAS METERED I COMMENTS: 
4 5 6 liters 

2 I GAS OUT ·METER IN ~1ETER OUT INITIAL:_~~.!]_4 __ VO.C. 

--------~--------~~--------- ~~~ ~~~~~~ ~=~~~ ~QG1~~ ~ 11I=]",, I ;:tS l':l.. 13 

\~ 3"3 ~"2.. tOf,,e::,O f.O 11 
-------- --------- --------- ----------- ------ -----+~-----

=~~~~=l~=~~t-~~~~~~ ~~~~ ~~~~~~ ~tB~~±~~~ 
1-:l. I \ 

---------r--------l\ l'":l.. 
--------- --------

1 \ 

I~ 

1-::;z... 
---------~--------

11.11 · "Av~i\ 
.. -·--- 3~ 1.0 

·~;. ' 
CONDENSATE SAMPLES: 

'.1:' ..... 
.... . SAMPLE I.D.: ________________ _ 

C0~1t1ENTS: ------------------------
·~ ... ·. 

}lf~ it ; .·; :.::: .· .;. : ' · .... :; 
., LA~\.-'-\-"- t.\ 

.. : ... 
••• .•.1'• ........ , . 

. :;~-::·:)/':~.:~; ':.<t.: ,.;,~ .. - .' .·.; 
·· 64:-.... · ..• ._ .. : •,.:,"~··. ~· r .• 

h~~::·i <:(;~·V'· .. · .. 

, ,I 

: 

~ ' I "' ' 

. ~: .. ~. ! 

''. ·;;> ·, 

: . ; ~ 
· .... 

~ .. 
~·>. I \'; 

.. 



' -
PLANT_1~J.~· ----------LOCATION 
OPERATOR=jg~~~~'G![::: 
OATE ______ r;j~-~-J . .'~~------- . RUN a _______ .:;.~___________ · 
FlELO BLANK I .. D.: TENAX 

TENAX/CHARCOAh--------- . 
LEAK CHECK BEFORE~Q. \ 1 fJM~-r;' ~ \. S '' 
LEAK CHECK AFTER_!Q.J~!J! ~!~L'IC6'l ·.. , 
CARTRIDGE I. D.: I . . 

TEN AX 
TENAX/CHAR::::::::::::::::: 

i \: 

'-10ST FIELD DB.TA · SHEET 
DATA SET # _B~..., 

'·'. 

Diagram of sampl• location 

~ 
STAC·~ I. D. c.A t Ouf fet --cr-----------------PRosE NO. __ u __ ~J:--1----------VOST NO. 
FILTER I~O~-----~-----------
PROBE HEATER-SET -~~:::::::: 
~IETER BOr NO. ~-I-------------
~d------~~-:~~--------------
P------~--\J----------------

UJnchtlOY) .: 4 · 

s-t~'"\ Ttrl\e. ~oq-
·'!I 

----------------GAS-TEFIPERATUREs;-oEs-c-------------------------------------
TlME SAMPLING RATE I" fi . VOLUt1E GAS METERED I COMMENTS: 

l/min I ss ball 1 2 3 4 5 6 liters 

;:~I~:I:~= :IC=: :~7i~=- ~{~: =~{~~~~=~~:it~:~::== 
~:~Jt:=~~~::Jl_j_~-----~-~----
~_l__j ___ ~-~--_j-~~--Jl:=~~:i=-~::= 

I q ::z4 ;13 __..;.. 1·9' ::2. (') 
-------- --------- --------- ----------- ------ -----·------

lc-6 ;;;,.~ ::23 -~f,'\0 ,,0:1 b -------- --------- --------- ~--------- ----- -----·------
--~:1 ___ ··--~~---... --?4 ____ ~£.. ~ ._§_~-- _!:..~..: -~--·-----

F~, 
-·---

,.~::2. ~4 (; J,l(L( 

CONDENSATE SAMPLES: 
'. 

. SAMPLE I.D.: ________________ _ 

'··. 
:,~ '' ': ~, ' • . ill;; t 

.. ; : 
.!· 

"-~~~-: ;.···.~~·.· : .. ,,., -~, .r: .•·· 

i . ·~ 

. ~ . ~. 
·' . 
I ·' 

Cm1t1ENTS: ------------------------

LANL-~-V-5 ,I 

.,.. I 
. I 

' . . . . . 
•I ·.J. '; :; 

',. 1 
·j. 
~ 
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CHAIN-OF-CUSTODY 

DESCRIPTION 
SAMPLE NUMBER RECOVERY DATE SAMPLE RECOVERY BY OF SAMPLE 

S.D.L,;_(c~oo~!;t;cwd R"'"'/ LA~h~I~V~I- >.D.L. 'l}'tlfL dQIIc b.b..~ OE 
S,D.L.'(ca.,~ctco~ I R ... .., 1.. IL41L.-I-\!-7- S,Q.L. I'll'{ lr~ J ./c~. C A-f.. 
S.D. L.· Co.,.J,tcc)"' I KIA11 3 IUJil.' 1-V-3-S. b.t... ~ 41ib J.k. CAii 
5, D.L.-~J .t.o., 2.. ~"'"' I LANL-Z -V-1- S.D.l... 1iitfl. . •J.lc 
S. D.L .- Cc, ••• Lt~~.~ Z. ~~~" 2.. ltNL-~-V-z-S. O.L. ~ snt 'd.k 
S. D.L.- Co .. ~,t,o .. 'Z ~..,..,::!~ ilML'l-V-3- ~.l7. L. q/rln d.~. 

S. D.L- Cc ... Jctcotoo ~ R"' .. / LANL -J -v-t-s, n.L. ~,, Ia 
"''"· S,Q.L.- L .. Jctco--.3 R\4.,2 lA#L.-;l-\1-l-S·b-L ~J,tr6 ,/.ft. 

S,.i).J.,- Cc..,J-+,~1.1!:. fu ... 3 WL-3-V-J,-~.QL. I~ 'If' IJ.l< 
S. D.L-G ... Jctco..,Y R~t ... I l,_NL-~.V-1- ~. D.L. 19 ;11£ , __ 
S, D:l. · C,.., (lcfc'o,.. ~ R1.1., 1 IL+tYL-'f-V-£.-5. D·L 1 '7/U 
f:.D.L.-4"J,-ft.,"'4 R., ... > .4-.VL-'i-v-1-5. O.L 1 ;{ff:, 

. 

-AN ~1.--t SLS tc.Qu t~ ": C.Cl '* , TC..E- 1 C.l 
1 

f 1-+ -
~ S.D. L .• +-Str,.,bbe.- D'"'~"r~c Li'l";~ 

CAIUliEll: ~ ~~------- . 

IELINQUISBED JY IECEIVED Bl TIME DATE • ON FOR CHANGE 
OF CUSTODY 

... ------

----- -
LABORATORY ANALYSIS BY: DATE: 

,•' ····~-=··--· .. · ·- .. --::.- .... .:..,·.~--"r""· •. ·. . ~ . . ~ -. 

• 
(J 
c: --Cl 
c: ·-~ 
Q) 
Q) 
c ·-Cl 
c 
w 
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\._ 

CHAIN-OF-CUSTODY 

DESCRIPTION 
SAMPLE NUMBER pP SAMPLE RECOVERY DATE SAMPLE RECOVERY BY 

(.ql(shc: ~d'n- (o.J,hcit. I L~t.tJL-1-V- J- C. S. <'tiLt lr' ~~:.,z davebl.tc.k (4E 

Rl.tw!> 1,1..,'3 

L"'"'~:.h~ Sol\,- (.,.,J ,t,o.,l. LAHL-1-V-1-C.S. 9/~)tL d'IV{ ~bert~ ( Jlf-
Rl.lllS IIJ. 

(~ll~ti~ Sch,- Co~.t!,t,;,"' 2. L~tJL-l-\J- 3- C. 5. "t sl r(, lA. k. CA-E: 
R"" 3 

Ca~~.)t1c. Sci'"' -G,"'tLti/M 3 L~WL- 3-V-1-(,~. 0)/,llb J.k.(A-£ 
~lA~ I 

C"""'11·c. ~oh,-Gn .. J,tro~~t"'?:> LMJL-3-v-z-c.s. OJ I~ ln. IJ.Ic. G+E 
Ku~~J.-;. 3 

Gw.r:J,c 5ol't.t-GJ.-tr~4 Lft~L..tf,V-1 2 3~5. qh If~ IJ.~r. CAli 

~14.1 Z."-7, 

. ,.. 

~·~ ~!k- -CARRIER• .. . 
RELINQUISHED JY UCEIVED IT TIME DATE 

RWON FOR CHANGE 
o~· CUSTODY 

--·· -·--- ... 

- 1-· - -
LABORATORY ANALYSIS JY: 

•• ·~.· • .. ·, -·.· ... r.r -~.,·~--=-~~· . ~--- . 

• 
(.) 
c: 
-0') 

c: ·-'-
Q) 
Q) 
c: ·-0') 
c: 
w 



I 

~ 

\ 
'· 

'· 

CHAIN-OF-CUSTODY 

DESCRIPTION 
SAMPLE NUMBER OF SAMPLE 

. 

Ac:t\vcrlfJ Chftrc~l( f...es~) LANL.-1-V-I- A.L. (F.) 

- pr~co;oJ•t•oL-. /+~ '1/t1h~ 
Ac+ura·l!J Cbrc.ot\1 (u<atJ) L AML-1,1.-v'-123-A.c.tu' 

pre. c_e .. ::.J +1C., .1 
-po)tca Lf,c ... '"'' 

A,ftt,.,.ftJ rlhrcMI (I(Jtl)-pre· L ANL-3-V-1-A.c.Tu.) 
{.,..J.t,e~ Lf- jX)st ~l. t-.c~"' 3 

AchiJictPJ a~~rrc ... l hs~J) LA-trl-~-V-I:l3 .. J1.!.ltU 
- DostfD~~t • .;~ Lf 

( 

:--.a; .. 
I 

IELINQUISBED JY IECEIVED BT 

LABORATORY ANALYSIS BY: 

RECOVERY DATE SAMPLE RECOVERY BY 

ql ~I Yto 

qJ~IH 

~ILIH 

q11-fYL 

CARRIER: 

TIME 

.. ----

. -·· -. ·· .... .J .. 

LANL·CAl p~ .. ,.'tl 

LANL· CAl _tf"(,o ..... / 

1..\-JJL·CAl ~~el 

\.A~L -c4I J>(o'\O""' e I 

r(~tk 'r?ld- ' 

• u 
c: -.. 
0) 
c: ·-a... 
Q) 
Q) 
c: ·-C) 
c: 
w 

DATE 
kUsON FOR CHANGE 

OF CUSTODY 

·---·-

DATE: 

-·· __ .. -~:· .. ··· 



' ' 

CHAIN-OF-CUSTODY 

DESCRIPTION 
SAMPLE NUMBER OF SAMPLE RECOVERY DATE SAMPLE RECOVERY BY 

t""l·, .. 
·~""'· .... . 'If I ~· 

~.,._,t( Jlt'VI"'\Uilll V 1'-t"fl... 

__ ( I"' I 7 

T~.odh~w- 5ci~A'ho~ t\"~~ I.ANL-\;2,1 't- J1s-\,~J~-1~P. S. 9/~ f~ 5113-l I J.k LitE 
- G.~.Jr+to~~ \,~ .1,2 , 

'11'11'1~~ r 5dut,~GJ~+.c~l ~"'"\ liWL'I- ~\~ t,-'!M P '1 4 '{' 547.. -.t. J.l CAE 
I S. J (oJ,tillh I lu." 1- UftJL.-1- ~\~-2 -IMP. 1~ lc.tlcc (l't.( k. L I 
l-S. '•\ I u 3 L!h\i~-h411S '3- :D'\P, 1'1 .., !6 '~t "'· I 
I.~ II I.. ,, I Lrt #L-'2.- M 1- I -I.M P. G >lr f,- S!;7.,../ I 
T.S. ,, 2 It l. L~tJL-1- lvl5-'Z-J.:MP· :\ sl~f s~o .... \. I 
l,·S. \l 2-. \1 3 L AM.-l-M~-~-IMP. 9 t;/c( sn ,.;. I 
I.~ il :, u I LMIL-3-M~-1-JM P. 'l IC/~r &40~ I 
1.3 \( 1 I' L LA NL-1-(rt S'-2-TAJP. i9k/ fC &ro ,_t I 
1 rs. ("/ 

~ tl .,_, LkfJL-3- M5·J-JM~· 'C)/~'!~{ £3 3 ..J. I 

lr)• •' i v I tA#L-4-M ~- r -JL•l ~- ') 7 l~s ~~b~. I 
1.5 II y ,, z.. Lk~L-L!- ~/(-2.- i.M P. 411/Yl 5'2'1 tJ.... t 

1:.~ ,, t.t tl 3 LftNL-Y-.t1>-3-:tMr. 1 7 t~ )oS'-t. 'r -
·~ 

fl<N~'-/SlS ~\,)\~ 1): c.\- ,...,oT(_,' s~~.ts Vo~U-'- e,.,~ ,,_J o.uJ f\l,..o"' .. 

. 

RELINQUISHED BY RECEIVED BY TIME DATE rJiAsON FOR CHANGE 
OF CUSTODY 

- ------· ·----·---- ··----

LABORATORY ANALYSIS BY: PATE: 

. ... - . ,. .· ... - . - . 

• 
(,) 
c: -... 
C') 
c: 



I 

'-

·""·--

DESCRIPTION 
OF SAMPLE 

CHAIN-OF-CUSTODY 

SAMPLE NUMBER RECOVERY DATE SAMPLE RECOVERY BY 

J.~. 

IJ.k 

IJ// 
jJ 

I d 1t 
d [, 

JELINQUISHED JY UCEIVED Bl TIME DATE 
~ON FOR CHANGE 

OF CUSTODY 
-------1--------··· ------ -----+--------

-------1--------+----· -----1-------
-----------~------------~-----+---·--~-·----------

LABORATORY ANALYSIS BY: 

• 
(J 
c: -.. 
C) 
c: ·-J.,. 

GJ 
Q) 
c ·-C) 
c 
w 

~· __ .. ·:-.:•-·---=:--· ·--:;:--., .......... k,;.. · .. -., .•• ·-:- ,-.- •. ~:;;:.~ ··.•.•-: ... , -



CHAIN-OF-CUSTODY 

DESCRIPTION SAMPLE NUMBER OF SAMPLE RECOVERY DATE SAMPLE RECOVERY BY 

C (/,. te@J d·oc.k LhvL- 1- v- r- c <J .. 'J}q/fe, , A .v <.- CAr ~'va.IUP 
- (c..,Jt-+tc.,., I ,l, 3 -4-4 ' 

T(l: +~.eJ doc.t LtHJL- 1- 1/-1-IC.E 'f /'11 [( 
,, 

- Ce .... J,+ro.,~ I,Z,.3r4·'-l 
t 

L i"'ut"J Hrrt .. re fee) LAWL- 1-V-I-L.f1.F. '1/'-t /11.. ,, 

(., ... Jd.c.., I K ...... I 
L. M. F -Cc~J.tr~"l ("'"' l LA:~L- 1-v-z-L-M. ~- 't )4 }ft. •• 

L .I~) F- (en. I .t . ..,'nl ~""" 3 Lt\-WL-1-V-3-!.... M F-. 1/'-1 /[I. ,, 

L · ~I F.- C, ... l,tt.,..,l 1(~." I 1.-.+AJL -2--lJ-1- Lfllr- 'i }-s'/ n, I( 

L M. F- Co .... J,t,o .... 2. \\".., z... r....1r1JL -l'V-Z-L-M.f ~hill. " 
L• N).F. - G.,.J,tJ"u.,L R'1.., ") L.A-NL-2..-V-! .. L.M. F. fh-!f.J. ,, 

• 
(J 
c: -j 

--

L.M. F. ~ V.bi 
I 

CARRIER: _,. 

RELINQUISHED BY RECEIVED BY TIME DATE ~ON FOR CHANGE 
OF CUSTODY 

LABORATORY ANALYSIS BY: llAT!:: 

. . .I. .••. .. ~t'lW~ ~ ..... ---- .··• ' ... -~--~-- .. 



··~-..... : 

., .. 
·: 

.. ~. 
~-:." --.. 

.. -. ,:• .. 
~-· 
· .. 

··:·:· 
~ :. ·.
·.tr'··~ 

·l· 
~-· 
:~ .. 

·i;: 
-~:--' 

~~ ~ 
•:-· 

' ~~.-. 
·~~': 

:~~-, 
I ~·~ 

I/ 
-"':s 

CHAIN-OF-CUSTODY 

DESCRIPTION 
SAMPLE NUMBER OF SAMPLE RECOVERY DATE SAMPLE RECOVERY BY 

VO~T T<Qo I( \ -\.f.- I -1 c; I L\ \(~b ~. _ko_\l~~~Y\Yl 
I \t\ 1\ l- \[ - i - TC. 

.I'A:- ./ \-\"- ~-\ j 
'V \- v'- ~-\c.. \ 

t-v-3-i l 
l I 

.,_ v _?J _, (.. I 
I If i -v- ~-1 I 

I "\,'Y )l-V-4-Tc.. I I 

I 

i .~It v t-Y-5-i I 
I "'(} ll i - \ 1 - 5'" _, (_ I 

~-.. I · 1-V- 4:,-\ I 
·"- \- ·v-'=. -Tc.. I 

f,e\r' ~ln.w...+. ! 1/ l - \}- ( l-~) -1 I 
t=,~ \C l> ltj -~\o-M. +. 1' , - ·v - (\-b) -,. c J I 

tYvt Cnrd,Y\~~ ~ p-i -V- { 1-f>)- c.on I \ 

t -~-"~ J{nJ~.~ CAJUUER: 

TIME DATE ~ON FOR CRANCE 
llELINQUISBED JY BECEIVEI> ll OF CUSTODY 

-~·· -·----

-- . 

.. . ........ 
- •4---·- ~--- --J ·~ --

!· ....... ;···.;,:~~ .. ····:-. ;··· I .. .. . . ~ ( 

LABORATORY ANALYSIS BY: DATE: 

----.-... ------ -·- --- ............ ·-.. - ~ ---· -·-· .. 

• 
(.) 
s:::: -.. 
C) 
s:::: ·-'-
Q) 
Q) 
s:: ·-C) 
c: 
w 



t 

\_ 

CHAIN-OF-CUSTODY 

CLIENT: k:§ AI OrAQ? No\-!. Lo\,~ LOCATION: cet rAn~~ 

DESCRIPTION 
SAMPLE lilJMBEB. OF SAMPLE JU:COVERY DATE SAMPLE RECOVERY BY 

-V_6S1. Tro.O /,::J.-V-1 --r 9/sf~J:) ~I ~o..uf•N\~ 'i\'(\ 
\ 
~~ l ':2.-\1- I - i C. ' I 

;:, J ::l- \1 ~ J. _, I 
~ ) ';)..-\/. :1.-\c. I 

I :2.-V-3-1 I 
I \:t-v -3--rc. I 
I ~ --c :t-v'-4-\ I 
I ~'V'./ :2.-v -4 -rc. I I 
I ~i\ :l.-\1'-S-T I I 
I I 

:J.- v -s -\C.. I ' 
\ , __ I I :l.-V- t., -T I I 

I ,.._'( :l. -v- 6 -Tc. ! I 
ti~\r\ R'Lu.\k. ~ ( ~-1/- (\-~) _, l I 
F~ lrl' 1Rio.\A't 16 ':l- V- (\-~) -T(, I I I 

\JO&t Ccnhf\c~Q~~'i ::2.-V -(\-f>)- Con j j 

~ 

.ll 
~: 

'\1*. k-,1 ' CARRIER: (~ 

RELINQUISHED JY UCEIVED Bl TIME DATE 
-pRE.ASON FOR CHANGE 

OF CUSTODY 
-.. -------

..--·-
-• ·~~·tl!l\ .. ---·-

. .:-. ... ~· 
.... . . . "/ .~. 

' '· 

' 

LABORATORY ANALYSIS BY: DATE: 

• 
(J 
c: -
·-a.. 
(1) 
(1) 
c: ·-C) 
c: 
w 



CHAIN-OF-CUSTODY 

LOCATlt»i: GA 1 6.>-\ \-et --
DESCRIPTION 

SAMPLE NUMBER t;»F SAMPLE RECOVERY DATE SAMPLE RECOVERY BY 

-
\10~ T '<'t).. '0 i ?.-\/- J-i _C{ l {;, l!g £, p, fuhf'rJ\U..Vf\1\ 

' J ...... J -:;)_ \{- I --t C.. ' ~·J o( 3-V- :J.:t: J 
~ 3-V- ;2 -=r c. \ 

i 3-\/-31 1 I 
" ::.-v-3 -I c. I - v l' 5- -~ -:; I I 

-:at~ ) '3- v'- 4 .:;-(. l I 
}(\ 3-'.f- s -1 I 
"' 3-V-s-ic I 

\ , __ 
r-- s-v- ~ -\ I I 
\S-V-b-1<.. I I 

"h ~ \c~ ~l ()"~ ..,., ..... """ 
..... -4 5-V- (1-6) -l I 

h;.. \d. ·~kn~~ £ 1 3-V-('1-~)-\L J 1 
\rsl rcnd,V\~tT. ~ 3--V J(l-~) -bl I • 

,. 

... t 

~~/~OJ.·~-~. -' CAR.RIEll: 

:ULiliQUISBED Jt UCEIVBD IT TIME DATE ~00 FOR CHANGE 
OF CUSTODY 

-··· ------

- -- -......... ~. ,. 
. . ·'· . .. _ .. 

LABORATORY ANALYSIS BY: DATE: 

...,, __ o ·• ~ -·• ··-··--.--· r...--·••~ •'' ·-··--··----- ''•<""•' •·--·• • 
... , ....,.-.... ___________ .... -- .. -:··-· 

• 
(.) 
c: -.. 
0') 
c: ·-~ 
Q) 
Q) 
c: ·-0') 
c 
w 
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CHAIN-OF-CUSTODY 

cLIENT: !..~ Alo.rros Noclrl. Lub x.oCATIOH: c B r o),l~ t 

D~SCRIPTION 
SAMPLE NUMBER RECOVERY DATE SAMPLE RECOVERY BY OF SAMPLE 

\/O'S i" 1-rr-'.P~ ( t+-\1- I ... , 

1 ~Do \ U: -\l - \ .. ,c.. 
-'lls-- .~ 4.-\J -~-\ 

I - 4-v-:z-rc. 
q -v- s -1 

\ L{-'1- ~-1G 
I '-+-'/-'{ "'"l 

I G' I 
_..,; ' 4 -v- ~ -1c 

I .l~ L !.f-V-s-, 
i ~ 4-v-s--rc. 
l 4. -v- "'-' 
I 4-v- h--i"C.. 

1i~.\rA 'B \ CM~. ~{ 4-V-tf-~-T 
r1~\~ E\v~\1 .. ~ ~- \) -(1-t,) -\c.. 

\!'t\5" C.C.\.\c\-.\t, ~uk . 

·~ 

'· 
RELINQUISHED JY 

I U. -\/-{,-(.)-CoN 

UC!IVED ll 

.... ......... --- .. 
•. .' 

LABORATORY ANALYSIS BY: 

q/l(<;(o """' k ( v' '. 0,~ lfJ\. t.x'f' . ..(', 

I 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
\ 

. 
DATE 

lfREASON FOR CHANGE 
TIME OF CUSTODY 

... -·---- -

-· -

-
-

DATE: 

11"!'". 

• 
0 
c: -.. 
0) 
c: ·-I.. 
Q) 
Q) 
c: ·-C) 
c: 
w 
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'-
CHAIN-OF-CUSTODY 

CLIENT: los A \o.n)C& N{~ I. Lr~:b •1 I 

LOCATION: ..;;;c;.:..A;...:.'"!_r.::;...)'~.r.;,),lv~i __ __ 

DESCRIPTION 
hF SAMPLE SAMPLE NUMBER RECOVERY DATE SAMPLE RECOVERY BY 

IA-4) -v .3-1 -A 

• 1J.l\ -v. 4-IC..- A 

, __ . 11-~'1- v- b-I - A 
, .t..J~.)-V- "-'t C..-~ 

' 

• 
(.) 
c: --C) 
c: ·-I-
Q) 
Q) 
c: ·-C') 
c: 

----------~----------~--------~--~---------- w 
--~ -8~ 

Jj ·. I 
CARRIE&: (o.J :..k--. - ..J 

IW.INQUISHED I'Y RECEIVED Bl TIME DATE 
ftiAsON FOR OIANGE 

OF CUSTODY 
.. -------

... ·-

LABOL\TORY ANALlSIS IY: DATE: 

b 
o= 

~ 
~ 
~ 
l~ = cg 
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CHAIN-OF-CUSTODY 

CLIENT: h5 ~#705 LOCATION: { G 5 ({ (g.IW c 5 (u ' 

DESCRIPTION 
SAMPLE NUMBER OF SAMPLE RECOVERY DATE S~LE RECOVERY BY 

ll (/VI. G P::r-- "'1.. lt;"O I 

i d..L~OS 
\ d..ISO'l 
\ '2 Lt:;' I 0 
\ ~IS II 
\ d.lS lJ \ 

i d-IS 13 
\ )..15 ILl --------
\ ;)_ \515 ----
\ ~lSlh 
\ :J..I.S \7 I 

I d--IS 18 
I ~l51q 

').JS~O 

CARRIER· . 
··-

RELINQUISHED BY RECEIVED BY TIME DATE 
REASON FOR CHANGE 

OF CUSfODY 

~ ~cY~~ 4rc5J'1 :y,Jy/K' ~ p/r .... /d 
v u I 

LABORATORY ANALYSIS BY: DATE: 

-~~-····· -· .. ··..:.....-·· •.-• .. -· :""'' 

! 
1 
~ .. 
(.) 
c: -



... 

CHAIN-OF-CUSTODY 

CLIENT: L c s A I&( ... 05 LOCATION: /,cs A 1~·-o, W. M. 

DESCRIPTION 
SAMPLE NUMBER OF SAMPLE RECOVERY DATE SAMPLE RECOVERY BY 

,, c .... ~ Ff 215"'+-8 

2.1>'+-t:t 

.215'50 

2 l 55 I 

215"5"2. 

215"5"3 

2155't 

215'55" 

.2 I 556 

- ..l/557 • 
(J 

c: ---

-

CARRIEI.: - -
RELINQUISHED BY RECEIVED BY TIME DATE JmMOtl J'Qll ~~ 

PF CU~¥ 

I 
~ ~rL~ y:w P lf?/;..f$6 1""f:l F~-<- { cJ 

v J I I 

LABORATORY ANALYSIS BY: DATE: 
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.... -

. ! 
'• \' 

. I 

~ :; 
I •. 

r:.;~ r t.:; 
. :J;; 
:, ·::.·· 

r:~ 

u .. ~- . 

(

< ;~ 
.. ~ 

~~ 

p~ 
;;~f 

Q 

Run 1 

Field lfea•ure11enta 
Pb 23.05 
Theta 20 
Tm 27 
Vm 9.93 
V••td 7.50 
Yd 1.0032 

Cylinder # AAL12421 

Laboratory Data 
CC14,<ng) 
Uncertnty 
TCE, <ng) 
Uncertnty 

Re•ult• CC14 
ug/113 
ppbv, dry 
lbE-10/d•c£ 

Re•ult• TCE 
ug/•3 
ppbv, dry 
lbE-10/d•c£ 

<10 
1 

502 
50 

<1.333 
< 0.21 

< o. 832 

66.933 
12.25 

41.762 

2 

23.05 
20 
29 

11.39 
8.55 

1.0032 

AAL12421 

<10 
1 

605 
61 

<1.170 
<0.18 

<0. 730 

70.793 
12.95 

44.170 

Parameter She•t 
YOST 

Audit Samples 

3 

23.05 
20 
31 

10.91 
8.13 

1.0032 

AAL12421 

<10 
1 

614 
61 

<1. 230 
-c: 0.19 
<0. 767 

75.504 
13.82 

47.109 

4 

23.05 
20 
22 

10.12 
7.77 

1.0032 

AAL11924 

615 
62 

<10 
1 

79.110 
12.36 

49.359 

c: 1. 286 
<0.24 

< 0.803 

5 

23.05 
20 
25 

10.28 
7.82 

1.0032 

AAL11924 

••• 
••• 
••• 
••• 

••• 
••• 
••• 

••• 
••• 
••• 

6 

23.05 
20 
27 

10.6 
8.01 

1.0032 

AAL11924 

730 
73 

<10 
1 

91.170 
14.25 

56.884 

-1.249 
<0.23 

.co. 779 

0 .lf.I ... ______ """P.C.-••·-""'*..,•-""''-' __ .,.sc __________________ ., ______ ...,,,.,... "'_w.,..,a_a._.......-..~.~ -......,-:.......,. _ _... __ 



-···--·· 

86.12462 2-V-(1-6)-T,TC 56235 CC14 8 NG 1 
79016 TCE < 10 NG l 

86.12463 3-V-1-T,TC 56235 CC14 2170 NG 217 
79016 TCE 231 NG 23 

86.12464 3-V-2-T,TC 56235 CC14 2230 NG 223 
79016 TCE 235 NG 23 

86.12465 3-V-3-T,TC 56235 CC14 5660 NG 566 
79016 TCE 1240 NG 124 

86.12466 3-V-4-T1 TC 56235 CC14 4440 NG 444 
79016 TCE 543 NG 54 

86.12467 3;-V-5-T,TC 56235 CC14 258 NG 26 
79016 TCE 6 NG 1 

86.12468 3-V-6-T,TC 56235 CC14 2993 NG 300 
79016 TCE 8 NG 1 

86.12469 3-V-( 1-6 )-T I TC 56235 CC14 < 10 NG 1 
79016 TCE < 10 NG 1 

86.12470 4-V-1-T,TC 56235 CC14 5600 NG 560 
79016 TCE 52 NG 5 

86.12471 4-V-2-T1 TC 56235 CC14 590 NG 59 
79016 TCE < 10 NG 1 

86.12472 4-V-3-T1 TC 56235 CC14 2600 tt:; 260 
79016" TCE 36 tt:; 4 

86.12473 4-V-4-T1 TC 56235 CC14 5200 tt:; 520 
79016 TCE 210 tt:; 21 

~ 
86.12474 4-V-5-T1 TC 56235 CC14 6200 NG 620 

79016 TCE 162 tt:; 16 
86.12475 4-V-6-T1 TC 56235 CC14 4900 tt:; 490 

79016 TCE 116 tt:; 12 
86.12476 4-V-( 1-6 )-T I TC 56235 CC14 < 10 tt:; 1 

79016 TCE < 10 NG 1 
86.12477 (1-4)-V-1-T1~ 56235 CC14 < 10 tt:; 1 

79016 TCE 502 tt:; 50 
86.12478 (1-4)-V-2-T1~ 56235 CC14 < 10 00 1 

79016 TCE 605 NG 61 
86.12479 (1-4)-V-3-T1~ 56235 CC14 ( 10 NG 1 

79016 TCE 614 00 61 
86.12480 (1-4)-V-4-T1~ 56235 CC14 615 00 62 

79016 TCE < 10 00 1 
86.12481 (1-4)-V-5-T1~ 56235 CC14 

{Jtt.v~ ,~,.; 
NG 

79016 TCE NG 
' . ~ 

86.12482 (1-4)-V-6-T1~ 56235 CC14 730 NG 73 
79016 TCE < 10 NG 1 

-· -.; 86.12483 ('l-4)V-ALL-T1 TC 56235 CC14 ( 10 NG 1 ··-~:f 
79016 TCE < 10 00 1 

...... : 
.. .;, 

.... 

· ~ Date: /Z.I I If( . 

Appr~
11

tuty control 

Date: ''- I 1 I Si 
·.;,,. 

7' 
Approved, Ccntracting 

.... ----·--·~""""P-" .... ~--·· \ .......... _______________ ,_._,_~-----···--- ...... -------------·-----.. -···-. - ....... --·· 



., 
:~ 

I 
·' J: 

·t 
f ,. ·, 

j 

;~~:difl;:t}.::,~·:~~)~~}~·~: .. ~~'~ ·,:··:·~~~:~ ... # ••• J .) . '<~·:~;~,;1:-k:'< .. .. ·: .~·· (~ ·"~·~~,. .......... 
•. -~ ·! •• • .. 
~.!>>S·!.l•/.J• . 

. ... :~~·:;,':.~!' ' :.•., .• ,·:.>.:, .... ·. '.· /~'/ '~:. ~ .. '. ~. .: .:1.. .. .. ' ,_\_, ' ... I·,, ··'' .... 

·. :;$:/.: .. :~. ; .. :::!/ti'.<: .. ·. . . . . . . ,' '"\•:. ··: .•: 
,'l(,_~ ............ ~-{ rl· ·- .· . . . . . . .. 

-~:·:~;-=~L~~;-<Jit··~ L. .. .. :· =:-;:_t.:::i;~.~~;::~ .. :·:·,·i;J'.'~ .. 
' ilr LOCATY!iA ~e:f---- ',, , ,.,.·••;,. . 

,::. OPE"AT...,.- m----~-- · · · .,-· ·. :: ·' .: . 
I.'OST FIELD DATA SHEET 

· DATA SET • ~2- . ~ 
. .'i. 

; 

\,\· .. ;~ 
.... ·, .: ·~ ~- .. 

·': .; ... ·:;:<STACI<. I'.o._A~· 'll_!<h...vi. ;;· .... \::-'.~/: 
.. . ::.;:;!; PROBE NO. - --------

, ···.• .. : . VOST NO --- --------------- . 
~; . .., u"" . ~2.~~- .... : .. ·T ·, : ' ... :'I 
. ·•• DATE , . .-:· .· : . . · .. ; ; . .,.... . ·. ,..--~· --~::lll~- ~------.' .... ~· .; : ·.; .... ·. .. ~-. . . . ·:-.~~r·· RUH • _w~'iE-.1.-:--------- · · . · ·· ':!(·,~.~):<· · ': -~.·t~ · : · ' 

'. ·\'•·•;':;~\·: FILTER I.D • .lll . ,.·_· . · .. ;: ... ·. . -----... ,~---------------
. · · ·.' ·. · .<· ·' ·' . ' . .' ' · PROBE HEATER SE ::::&Ji---------- · 
: ;· .·' .• . '.'!.·. <" t·IETER BOX NO. rr=-----------.•. FlELO BLAtn< I.O •• TENAX ________ ,,: ··r . ~ . 

} ; ·.LEAK CHEC~E~~~~~~~§~~t~~~E ;,~ :~ t\ .,.-
·. ·.··. ': : : ': Vd \ ,~'2.--- - ------------

-------~~----------------
{..: LEAl< CHECI< AFTER_'S.Q.·l~J\"~~ IS,,. 

. Bp _____ Ri~~~~----------------· ·' 
\ .: 

:!'\ CARTRIDGE I. 0.: ~ · . · : 
. :·'· · TENAX ~ 

' r . ----------------------;,;·· ·J TENAX/CHAR ________________ _ 

.:.:.: 
~-:r:· I ··' • To.V\r...-\\ AA L l""H .-, \ \' ·~; :·.-;· , .,,.; .'j_'_. .. :;J 

' • 0C., ~ .... ·• _.· ~ .:•~":\o~ H •~' r'···~:~· ·.,. 

b1o..n 1\~ ~ 0 ,'Jc;"" . • '. ·.: ' ~ ··; 

.'.""i Diagram or sampl• location 

•· . ' 
----------------GRS-TEHPERRTUREs;-oEs-c------------------~i·,··. ____ _ 

l:.·· TlME .. .. SAMPLING RATE 
1/min I ss ball 

I..IOLUt1E GAS METERED I COMMENTS: 
4 I 5 l G li hrs · 

·r-----.------r-----

'• 

2 
TENAX 1· 

1::1. 

\':l. 

a 
TENAX 2 GAS OUT . METER IN METER OUT INITIAL: fc;f, ~5' 

:=~~:=.~~~~- ~~~~;t=-~-~" 
________ ! _______ _ 

\3 l ~ -------- --------
......... 
-~o :;2.. 

1-:l. ~ ;;t( ::2. 
---------11 --------__ JL __ _ 

---------10 ---------
.11 

---------

-lci ____ } __ ~1----l--~-1----f~q~~~-f-1~r;-~-~--:i--
________ --------- --------- --------- ------- ------
--~~---- --~?:___ --~_1 ____ 1)~_]_~-- ,, 0 .:t. 

, .. 
:::. 

I·' 

·• 
~ . 

·:\· _______ _;,I _______ l _________ f _________ f _______ _ 

===r~~=~ ~~~= ~~~= ~~~J-~~ 
·· .. 
~ . 
.... . 

. ::.·. CONDENSATE SAMPLES: \ I 
~ !' • 

~::.-: ... Y· ..... SAMPLE I.D.: COMMENTS: . ' 
r;;,;:· ~;~!:..~i~·;, :.: .. . . ----------------- . _ ( _ \ _ v--:~-\----=-----:1---:------
. :~~·~:·.;t'JI=~~~r+':,~: .. ·· .. ;:·: .. . ·· .L~~L ,, '-\1 Av~'~;·; , 
"..;,,!(t! ~' •,o I'I'',:',.J ,r, I ' ''I• • ,• \if, t ' ' ' ., I· '·I I· • .' • 
•• ,. 1 ,of# f o •'d, • , 0 I • • ,. 

. ~~:.~~·it](}';(:;:'. . . :· ' .. ... . . 

' 

···: 

>'.;_: .:·: ·::.:·' 
.,'' 

. . ~ . · . 
' .. 

•.·. : · ·:;.rr·.::.-.;·~. i{·:_;;~.. · !.: 
'" ... :'1,.,' ',t-f·~ ':... I ' 

I· :· 

.. ··:·:;· 1 ..... ;. • • -~ 

'li ,.~· t• ·~~~~·:\.,;; I· t 

,I ~~i;•~(i, 
1 

;, ,·, ~~~ \;4 "1, •. i •; :\ 

·~~-·;,)~··. ·\ ·.· . ;1":· .· ·. 
·. :·. ·, 

'· r .. 

. ·.1 •'. · ....... i' : ·' \ . 
. . . 

~. --~ :.~ .. . . ·. ,. 
• ,·! 

i 
~;. ·: : 

1 



·j~ .. 

l 

l 
) 

~ 
-~ 

~ 
ji 

; 

i' 
~ 

J 

I• 

~ 

L 
I 
• ~. 

. . . · ... · '·.,.;. ·~·:.. .. ;.·;,..· ·. . : • ·• . 'I .:·; .. :·' 
. ~ • ~j· • 

, . ·~.~_::~:~~·. '.' _! .:F;·; • • . 

.;~~~;~~~ .. ·: ":iJ1~f(.·.. ~· :·· · ·.;'. : ·.> :; r: . VDST FIELD DATA SHEET 
•· {!::r~·· · 1/·~·r·· : .:,., ·· · \' ··! '· · • DATA SET # ~ 

: ' ' j • • ' • . ' • :·; : ;f;.~;;i;; .ifi~.;;' . ' 
,, ,·1~: PLANT . -~ 1\ N L ,· :> :: ···:.·· ···. . .... . -- -

1· •. ---~~------------ · : , I ·!; LOCATION_ :l._ -------- ·. '.:; : · 
. ;,: o

0
APET·REATOR_ . ~~~"-Q._- · .. ···~·. \.. . . . :. : .. . , __ :Cli~ &_____ . .. . •; ' ' ' '' . 

~;.: RUI~ ._Aiii!1£_;;?:,__________ .... ~\:.:I :: ·> l' ·,.: ::. 
1
1 

F[ELD BLANK I.D.: TENAX _________ ;;· · .· c .. · · t. 

:.- . TENAX/CHARCOAL, .. ·. ' . . :, I 

·: LEAK Ct£CK BEFORE~L"J!:<£~}i:Ji}S 1 \ , ... 
•:. LEAK CHECK AFTER_~i)~[:.tt~~j \S' . ' . 
.·~CARTRIDGE I.D.: \. , .· ::;:· 

TEN AX 

··: ., 

" ' . '' .. · 

' I 

. :· ,·.,•.; ·:·sTACK I~D._A.l)a·a.!tl.~ .. :: ·; ;'(~:~:' . 
· ·· .:.·: ·1: PROBE NO. ]l]( - ------ "\ 

'·-:· . . . VOST NO. --- ------------- .. 
. . . ----... ,~--------------,;: · .. ·: FILTER I.D • .!ll 

. ·:.· .'. ··, PROBE HEATER SE ~7 ---------- ·. 
. ·.; :. t·IETER BOX NO. -----------

. .. ... . \ fOoL'. '2. --- - ------------
... : Vd ______ ~;.t~--------------- . 
. Bp------~~~~-?----------------

t..·' 
-.1.: .,, 

. '. ,=.~.~'.·> .~ .. : :=; /' •. ?I 
TENAX/CHAR::::::::::::::::: 

Diagram of s•mpl• location 

T~V\\; it: AA L l~tt=i ( 
s-t~'<\ 1,~· ~tat:> 

: . ' ~ .. I ·~, 

----------7 -----GA5-TENPERATURE57-oEs-c------------------

lVOLUt1E GAS HETERED I COHHENTS: .ITIHE 

..... •-
·~--.. ......... 

,:·, 

·4' 

. , .. 
·.·. 

SAHPLING RATE 
1/min I ss ball 1 

_1m~--
..... ,5 61 ------

________ ..,. __ _ 

'37 ·---------"1-·-
--~] ___ _ 
~l. 

CONDENSATE SAMPLES: -. 

2 · 3 4 5 · 6 : 1 i ters '""" · · 

~~-~-1-~~-~Jl~~l~~=~~~ ~~=~-~ ~~~~~:::~~-~ 
___ _1_'?:, __ 

IC> 
/D 
tO 

\':t. \q 
--------- --------

I':L I~ -------- --------
11 lb -------- --------
1\ I~ -------- --------

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

~-~~--- --~~~--- ?§.:_~lj__ 
;7"] ~~ ~~.U() 

--------- --------- ~-------
30 Q'i ~74~ 

--------- --------- ---------
__ :§.~--- --~J ____ !Z~r=~-
---------~---------~~~~~~~l-

---------·--------~--------·---------~---------~---------~--------
.;i.q /.() . 

·Q.. ·--
;l 

;J. 

tl \ 3~ 
------------------~--------~---------~---------~------------------~------------* ~o.£1£ , . \ 

. • 
:;· ~;·.·,.-
.. ~ ' SAHPLE I. D. :----------------- cmtt1ENTS: ------------------------

!~tl~}!i!~'~ ..•. ? · .. ' ... · 

;·.-:) • · i: '>~ ul•· 

: :!t~;':r.::.:~·. ~~r-.;\·· · 
·.~ • . •. ~-.. ~~~: ·.t · .. 

··.·!·" .. , ·,·, 
. · .. 

. : ~ .. 

L~l\')l ~ \\-"\)-V- ':2 - AvrA·,~ 
: , , . I ·, '· t,.,, ! ' 

l • ~. ' :, 
I . 

'r .; '· .~ ~ 
,· '·· 

•• ;,:::; .. '! ·• 

·f· .. 

~ ":, • '·, :, ''I .. 
.· ,; . ~ ' . 

·:: ~;. ·. ;: ~ .i .''".:: . " 
' ·,··: 
• I 

~. 0 

:··_;:_;:: f;.': .. ,. . ·:; .; 

. • :··::' :· ·,~:~i;,;·.·; :. ,;,"~:. 
O,•,'• I 



~~-~ '-·::·~~1~~;·-~~JUir;-::-~_~;: :~;~,~=~-~'~:.·;:.~~ _'}:.:·~r;;;;:;;~ :~ :_: .:fi./<~.-~..:~.-~;~~~JI.~!f:~;~::~~: ;~;,·;·~}/~~~:~·;:::!·:·)·.:· -~---~·,·h ·· .• , ..... 

; ~~k : ~tr.t.: L. . ... · . ' ! , ':,+~i,?i i}.· '. ' f i.: 
~.'.o 1 '' PLANT. t..Jlj\1 ; .... '! ...... :.I l•. ·''' .. · '''·· --- 51------------··.· ·. ·.·:··;-:"·.: ..... ·: .. · .. ,·, · •11 LOCATION : ·:·: .. ,,. ::: · ... , \· ·· · •: 

~ ..... ,c " - • .Z."Z.w.;l:.l.~- .'• .. ::I'· .-,; ~ :!1 '• •. ~ .L::·; .. · · .. ' ·' :·~ · 

VOST FIELD DATA SHEET 
DATA SET a .f2.:J__ 

·' : ~: 
.:.:.t; .. OPE""ATOR- m,..'i~';.."::i\-- ·'; · ..-_ ;. ;: . :-: .. "·:':' 
:·.!:{. DATE __ ~L~ ~..;. _____ ,;,.~ '.:",.:,::):i:'· >t· ·:· ;~.:t ,.,,: 

-: :~f~ :! RUt~ •:e:ia1EA----------- '.• ... I·!:·· ._f,-::~!~. ~ ..... ~~- .;:. ·:~·:t':. ·' ..... :-' 
• .... 1? ;; FlELD BLANK I.D.: TENAX · rt.'.< ::.' ;;._.. 1 ~- .... 

., 
. • ~·, . --------, •. •,I ·•· . '· .·:t .. :; · TENAXI'CHARCOAL . : .' : 1 . ·; 

·~~.·.:LEAK CHECK BEFOREAO~~~~tat~ ~.\·5 1 

:!:.· LEAl< CHECK AFTER_&Qu.;~~Jbb.\l~ G"'\.51\ .. 
t~ CARTRIDGE I. D. : · '. , · · · 
/·., ~ 
''· .. .... J .. ·-

TENAX .. 

·. TENA>VCHAR:::::=====:::: 

.. ~-; 
·.' 

·' \ . 
I 

.. ·:~-. 

I··' 
. ·, : ~ ... , . ~ ~ 

l 
··{'· 

.;_,f . . ~ ' 

' 

·. ·:~~ 
Diagram of sampl• location 

'·:•!I ... ~ 
. . ::·t·: ~-.; _,.,. ·' , ~I • •. <:.~~-~~~··:":; ;: ,,~!.e.:;,,' .. •.:: 

... , .. ;.::~' .. : ' ' ~· . ·. ' ' . . . . ·:·.:-··-v~~:\.{)"\:~j 
: ... :'·.~:'.;::::·:~:··sTAcK. r~D.·.A.url'U.!~~ .. =· ·• :.:·<.: ... 

'· ;':,/;: PROBE NO. ~A - ------. 
'I''·.'.>·'} .. VOST NO. --- --------------
' . 1 ' '1· .. ·. ----.. ,~-------------: · .,.: ··~: <:~: FILTER I. D. .!:U · y; 0: ·: 1,. :·. PROBE HEATER SE ~-------
•" . . ' .. .: METER BOX NO. ----------

\ ~2--- - -----------Vd ______ ~~~---------------
Bp----~~~~~~-----------------

,1,!.·)1" 
·.l·, 

To.V\~ -¥c 

bi~~,,~ 
ML t~4~, .. ·:-:~·< 

~t3:l. 

·• .. 
:·:;. --~: ·~ ~. :;. 
,.:.-:~.;~; ~· :.: ,!. . . 

·.,·: 
•;" ~- ~":ir 
"'··.' . 

' . . '., .... ----------------GAS-TEHPERRTUREs;-oEs-c------------------

·.•.: 

~ ·'i 
··~: 

I· .. 
~-t 

:• 
~~-~~ 

f;. ·. 
,. 
·: · .. 

SAMPLING RATE 
1/min I ss ball 

'3Co 

-~!~---
3b -------

--~-~--

, ... 
tU CONDENSATE SAMPLES: 
·:r~-~·, 
~···,"·• .•• •• ·: ·· ·1 . SAMPLE I. D. : 

1 2 

-~--
TENAX 1· 

--------
(':l.. 

---------)D 
·z- ---------_ n _____ 

'D ---------

a 4 5 6 
TENAX 2 GAS OUT METER IN METER OUT 

--------- -------- --------- ---------(0 1'1 . 6\ 30 ------- ------- -------- ------
\{) 1-b '3\ '3b -------- -------- --------- ---------
ll __ L§ ____ 3-:t. ~~ -------- --------- --------

H) ,o\ c::t '30 -------- -------- -------- --------

-·------~1 _______ _ s! 
\ 

COMMENTS: _______________________ _ 

':: .:,.:!. ·.:~.:: ~i·:x ~ .. r· ----------------
"t." ..... ' •_j~,,,.J.' ' .. ' • ' "7,!'' ' 

•.':'~•:• I '.:.. ~ '·._: :, ' ' ,'• ;; ' ··"~~·· ·1) ... , .. t •.. ;···-.·\· '' '/,,, ... 
' L~NL-\\-1.\)-V '.3 AvO..,\.'· 

. ~;: ~-: .. .1\··~t ~ ...... \'jt~l. ,•;:, . :. ,, .; .. ~ 'i· 
( .:.,·: ~ '-';?~.•" :"., • I 

$~~,...; ~/~~ .. ;~,.~~:~~··:. ' : . :' . 
·:(.?:.•;· !•' .. ··"r. 't' •,'. '' .. 
,-:l;--! ... ·:~·t,'ii.~~ ;r--

.. ~ 'r,' 't I., t ~Lid fC:t, , '• o 

·~· .~··;~.:,~-~''·•·:. ., :. 
. , .. ·.~··· .. '·i~l •·. . J·.'(-1l'J:' .:•r ( 1 t1~f \. • 
• • ·". 'r.;-: . · ~ · ·i ·•· · · •• :t"="r:·. , ,.-, •• , .. 

•' ';;.: ':·: .. ~: .;,.'~: -~ ,. 
. ~ t~'. :.:~-t- ---~~-,~. 

;'' 

I,' 
· .. _,, .. : •. ' . 1 

.. ·, 

. ~ ...... 

. ~ .. I. 

,';• I 

..·· . 

:.:,_ 
'i .. ' 

I 

VOLUt1E GAS METERED I COMMENTS: 
liters 
INITIAL:_~~~~~--
---------~r~~---~-~Ql~~ 
:Q~i~-
qo. 57 
-T-------

J,C) 

) '(.) 

q-s .3 s± /,C> 
~i4.~I __ L~~~~ 

ro,q ( /,D 

,•; 

..; 

.I 

j ,• 

;L 

;2. 

:2. 
~· 

:• ...... 

' ~ . 

. .'·. ~~. ·~· : 
. ·. ~ . ' 

:-.-

.. 
' i 

.. 



i 

1 
' J 
·j 

j 

• ..... 1 .. 

't,.;; }ih . . ' 
:>\: PlANT __ h£lj~-'=-----~----- . ·.·. 

·: OPERATOR:_ . - ~~~~= . I. 

·'.: LOCATION~ . 
. . ____ .B.r: rim _______ _ ·~ DATE · b . 
~·: RUN a ~tE :1' 
:~. FlELD-eLANK I. cr:·:-rENAx:: _______ ... 

TENAX/CHARCOAL ' . 
LEAK CHECK BEFORE~~~!EJI'>if~::[:11 II 
LEAK CHECK AFTER_~Q.!l'!.I:®~t~'-h:, 15 11 

· CARTRIDGE I. D.: 
TEN AX 
TENAX/CHAR::::::::::::::::: 

.: =~.·:':: :; ' : ~: 

VOST FIELD DATA SHEET 
DATA SET # -~:ti-

'.' : 

·. 

Diagram of sampl~ location 

• '; ~ •. 1 ' ~ •.• .... ~:·. 

. . ·. · .. ~ ;,. ·. ::<.: ·~::::·rl: .. 
STAc•~ I.a._A.ut\'d:_1Q,_~ : ·',. ·~ 

.· PROBE tiO. ~A - -------
. VOST NO. --- ---------------

FILTER 1757=~~=:---_:::::::::: 

~~~~~ ~~~~~-~::::::::::: 
Vd _____ l~~~~-----------------
Bp _____ ~--~------------------

To.V\\; 1\ A A L ll <\:tl\ 

s-t~'f\ ''~ ;)~i::t 
----------------GAS-TEHPERATUREs;-oEG-c------------------

Tlt·tE 
minutes 

-------_____ §. 

1(:) -------
\S ------

SAMPLING RATE 
l/min I ss ball 

------
..... ,5 --~~----------lA,s 65 ------ ---------v..,s jt:::" 

~,J ------ ---------

1 

_rn\~--
2 

TENAX 1 

__ lij-____ _ 

1'3 
---------

13 
---------

3 I .. I s I 6 TENAX 2 GAS OUT METER IN METER OUT 

---~~--JL_Jj2 ____ l_~_:_~---l--~~-~-
13 

N --------

VOLUt1E GAS METERED I COMMENTS: 
1 ihrs 
INITIAL:_~~:-~~--
---------~llfl---~-~Ql~~ 

·;l qq. :;cj•' 

---------
I,D j--------

to':J.'b:l... ,,() .:2. 
--=--------fOL( I '37 ,, C) d 
---------....... s "j,e_-

V..J 

"~---r== 
--------'~ \4 ___ L~---

~~~~~~t--=~~~~t=~~:== 
16b l1<'b J · I' 0 --------- -------- ~ 

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

·' 
~::2.. 

CONDENSATE SAMPLES: \ 

SAt1PLE I. D.: CO~IMENTS: 

- Ava.,\ ·.:: .. /·:h·~ i ----------------- - c - \ -v--=-~-1------------------
~·{ : ,.~:···:·,;-.... . . L~l\\L \\ L.\J '\ 

;(:i}\.:~·lfR,; · ' . 
··clpl ..••. ,,,,, ... t.•f· 
:· .. :{:/• .. :· .. ·;· ~~·~·~ ··:~~::':-: 

. I •)'., . ~ 'j••':t."~·f 
~~/:~:::.-' .. :· ~; ~~:;:..,~.~ .• =.· 

:.->~~:~; ··· .... ;~~. ;·£ 
.:· . ;~:~~ f ...• .-. 

,1 .• 

',' 

~· I 

)\). l~ l ,c. 

'': I 

'~-· 

·, 
., ... 
: . ~ ~ ·? 
.I ', ..... : 

.I 



.. . 
t 
I 
i 

I 
] 
1 
·I 

j 
J ., 
j 

i 
,j 
• ' j 
! 
1 

j 
i 

I 
f 

J 
I 
I 
' 

.~ . , 
.1 
I 

J 

, .... 
·' ... . .~ ........ •• ~·' * • ; •••• • •• ·~·· ... : .:.· ..... •:. .;-•• ' 

....... 

:.~t~/. ·. : :g·t;:' ' . ' ' ';-;· :' . ;· 
, ·!·:l PLANT ..:..n N L · · .' ~ ·.',.'."\':·.::· \: 

VOST FIELD DATA SHEET 
DATA SET a _c2:!__ 

STACK I.D.~~~~~--~----~ I I···· ___ ::J:l..!______________ . ·, ~··.·., .... I ' 

•1.' LOCATION~ . ··.: ··· .. ; .. •. ·· ,. ··,, 
··~·OPERATOR- . ~M~~'[:- · .. · 'i.'! ,.' ... :.·. 
:.~.DATE d · , t>..b___ - . ·. ;·. < :'::. ·,· 
~r. RUr~ •- - -------- ·.· .· · · ·. :.. ~ ·· ::~· · ~·· ~ 
;I'· - - ---------- · ·· ; ·• . . · .. · ., , .. 

· ;::. . FIELD BLANK I. D. : TENAX ; :.:. : .. ~·. · 4.· • 
·· ~~ .'· TENAX.ICHARCOAL --------- ... ' . :I Jl .:,:. 

·:·.· LEAK CHECK BEFORE~Q-~~fi~U!~l::fi' :i. n 
. LEAK CHECK AFT~R_:{§_..!.~~""J..t!S.!'_:C l1" 
.. · CARTRIDGE I. D.. : 
··'· .· TENAX 
~, ----------------------; ·· TENRX.ICHAR ________________ _ 

.·.· 

. ' 

. ~~~~EN~~·--- ---------------
FILTER 1~0~-~,~---------------
PROBE HEATER~~~~::::::::::: 
1·1ETER BOX NO. ___ \fi: _________ _ 
Vd ___ --1~~~----------------
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