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1.  INTRODUCTION

The United States Environmental Protection Agency (US EPA) has directed the portland
cement industry (SIC 3241) to conduct emissions testing as part of the US EPA Risk and Technology
Review (RTR).  This document provides the emission test results and supporting quality
assurance/quality control (QA/QC) measures used to produce standardized data having known
precision and accuracy.  Collection of accurate, representative, and standardized data for facilities
with low emissions is necessary especially in view of MACT standard setting procedures.

The process tested at the Whitehall facility is a pyro-processing system equipped with a
preheater, designated as Kiln 2.  Kiln 2  (Process 282005) is a Fuller Company Model 84200 that
is 195 feet long and 13.5 feet in diameter with a nominal clinker capacity of 59 tons per hour.   Other
kilns located at the facility are idled at this time. 

The Holcim Whitehall facility operates a number of air pollution control devices which help
control and lower stack emissions.  The kiln is equipped with a selective non-catalytic reduction

x(SNCR) system and dry absorbent addition (DAA) system for oxides of nitrogen (NO ) and sulfur

2dioxide (SO ) control, respectively.  Particulate matter is captured in an Allen Shennan Hoftman
baghouse (ID: C01) and returned to the kiln feed system.  A water spray system between the
preheater and the induced draft fan protects the baghouse from high temperatures.

A more detailed description of the processes is provided in Section 2 of the RTR Sampling
and Analytical Protocol reproduced in Appendix G.

The Holcim Inc. retained DEECO Inc. (DEECO) to conduct emission tests for  for hydrogen

2cyanide (HCN), hydrogen fluoride (HF), and diatomic chlorine (Cl ).   All sampling runs were be
one hour long.  Concurrent measurements to determine volumetric flow rate were made.  The
Whitehall facility does not have an inline raw mill so testing was conducted under a single condition.

A summary of the test results is shown in Table 1.1.
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TABLE 1.1 SUMMARY OF HYDROGEN CYANIDE, HYDROGEN FLUORIDE, AND
DIATOMIC CHLORINE EMISSIONS; HOLCIM INC., WHITEHALL , PA
FACILITY; KILN 2; JANUARY 24, 2024

Test Parameters Main Stack

Hydrogen Cyanide (FTIR)

2 parts-per-million, dry basis corrected to 7% O
 pounds-per-hour
 pounds-per-ton of clinker

2.3
0.59

0.012

Hydrogen Fluoride (FTIR)

2 parts-per-million, dry basis corrected to 7% O
 pounds-per-hour
 pounds-per-ton of clinker

<0.04
<0.009

<0.0002

Hydrogen Fluoride (Method 26A)

2 parts-per-million, dry basis corrected to 7% O
 pounds-per-hour
 pounds-per-ton of clinker

<0.30
<0.058

<0.0011

Diatomic Chlorine (Method 26A)

2 parts-per-million, dry basis corrected to 7% O
 pounds-per-hour
 pounds-per-ton of clinker

<0.11
<0.077

<0.0015
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The sampling and analytical procedures followed are summarized in Table 1.2 and discussed
in detail in Section 3.

Testing was performed on the Kiln 2 under one condition on January 24, 2024. 

Sampling was conducted by personnel from DEECO, Inc. of Raleigh, North Carolina.  All
questions regarding sampling and analytical data should be directed to Dr. Scott Steinsberger of
DEECO at (800) 733-3261.  The field sampling was completed by Dustin Carpenter, Lee Harris,
and Scott Steinsberger of DEECO. 

The remainder of this document summarizes the results, procedures and quality control
measures followed for this program.  Section 2 contains tabulated air emission results for each
parameter of interest.  Section 3 summarizes the air emission sampling and analytical procedures
performed by DEECO, with a brief description and/or reference to the applicable methodologies.
Section 4 discusses the basic quality control elements in place for this program to assure the
collection of representative, accurate air emission data.

The appendices provided in this document contain all of the necessary information to verify
the reported results.  Included as Appendices are: Appendix A - Emission Summary Tables;
Appendix B - Field Data and CEM/FTIR Data; Appendix C - Ion Chromatography Analytical
Report Data; Appendix D - Plant Process Data; Appendix E - Calibration Documents; Appendix
F - Test Participants; Appendix G - RTR Sampling and Analytical Protocol
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TABLE 1.2 SUMMARY OF SAMPLING AND ANALYTICAL PROTOCOLS  HOLCIM INC., WHITEHALL , PA
FACILITY

Location and Frequency Test Parameter Sampling Method Sampling Procedure Analysis Method Analysis Procedure

Kiln 2 Main Stack Volumetric Flow Rate 
 and cyclonic check

EPA Methods 1
and 2

Velocity and temperature
traverses

EPA Methods 1
and 2

Manometer for
differential pressure
and thermocouple for
temperature          

Oxygen and Carbon
Dioxide and
Stratification Check

EPA Method 3A Continuous;
extractive sample

2EPA Method 3A Paramagnetic for O

2and NDIR for CO

Moisture EPA Method 4 Condensation EPA Method 4 Gravimetric

Hydrogen Fluoride and

2Diatomic Chlorine  (Cl )
EPA Method 26A Isokinetic integrated sample EPA Method 26A Ion chromatography

Hydrogen Fluoride and
Hydrogen Cyanide

EPA Method 320 Continuous;
extractive sample

EPA Method 320 Fourier Transform
Infrared (FTIR)
Spectroscopy



2.  SUMMARY OF RESULTS

Emissions sampling was  conducted at the Holcim Whitehall PA facility.  Sampling was
conducted for stack gas flow rate (EPA Methods 1 and 2), stack gas oxygen and carbon dioxide
(EPA Method 3A), stack gas moisture (EPA Method 4),  stack gas hydrogen fluoride and diatomic
chlorine (EPA Method 26A) and stack gas hydrogen cyanide and hydrogen fluoride (EPA Method
320).

 Testing was conducted on the Kiln 2 main stack under one condition and the results are
summarized in Table 2.1. 
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TABLE 2.1  HOLCIM INC., WHITEHALL , PA FACILITY; KILN 2 MAIN STACK
HYDROGEN CYANIDE, HYDROGEN FLUORIDE, AND DIATOMIC
CHLORINE EMISSIONS; JANUARY 24, 2024

Test Parameter

Kiln 2
Main Stack

Run 1

Kiln 2
Main Stack

Run 2

Kiln 2
Main Stack

Run 3

Kiln 2
Main Stack

Average

Time 12:31-13:37 14:12-15:18 15:28-16:34 January 24, 2024

Flow Rate (dscfm) 74,600 73,750 74,200 74,180

Oxygen 10.2% 8.2% 9.0% 9.1%

Carbon Dioxide 18.0% 20.6% 19.8% 19.5%

Moisture 13.9% 14.6% 14.6% 14.4%

Hydrogen Cyanide (FTIR)

dry 2 ppm  at 7% O 2.5 2.1 2.2 2.3

pounds-per-hour 0.60 0.59 0.59 0.59

 pounds-per-ton of clinker 0.013 0.011 0.011 0.012

Hydrogen Fluoride (FTIR)

dry 2 ppm  at 7% O <0.05 <0.04 <0.04 <0.04

pounds-per-hour <0.009 <0.009 <0.009 <0.009

 pounds-per-ton of clinker <0.0002 <0.0002 <0.0002 <0.0002

Hydrogen Fluoride (Method 26A)

dry 2 ppm  at 7% O <0.31 <0.28 <0.31 <0.30

pounds-per-hour <0.055 <0.059 <0.058 <0.058

 pounds-per-ton of clinker <0.0012 <0.0011 <0.0011 <0.0011

Diatomic Chlorine (Method 26A)

dry 2 ppm  at 7% O <0.12 <0.11 <0.10 <0.11

pounds-per-hour <0.076 <0.084 <0.072 <0.077

 pounds-per-ton of clinker <0.0016 <0.0016 <0.0013 <0.0015
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3.  SAMPLING AND ANALYTICAL PROCEDURES

Table 1.2 presents a summary of the overall sampling and analytical protocols used for the test
program for the Kiln 2 main stack at Holcim’s Whitehall, PA facility.  All sampling and analytical
methods employed for this test program were performed in accordance with the procedures outlined
in the Reference Test Methods contained in the Code of Federal Regulations, Title 40, Part 60,
Appendix A (40 CFR 60, Appendix A) and 40 CFR 63, Appendix A.

3.1 Sampling Point Determination - EPA Method 1

The Kiln 2 exhaust duct is a horizontally-oriented 8 feet by 4 feet rectangular stack.  The stack
gas sampling ports (4 total) are located approximately 1.5 diameters from the upstream disturbance
and 3.76 diameters from the downstream disturbance.  The location does not meet the minimum
specifications for a measurement site under EPA Method 1.

Cyclonic flow checks, as described in EPA Method 1 Section 2.4, using the Type-S pitot null
procedure and angle measurements was conducted at the Kiln 2 stack test location. 

The 28 sampling traverse points has been used historically and calculated using EPA Method
1.  Each traverse was made at each sampling location using a type-S pitot tube in accordance with
EPA Methods 2 procedures.  Gas temperatures were to be measured using calibrated Type K
thermocouples and digital readout devices.  All measurements were to be performed in accordance
with the procedures in EPA Methods 2, and 26A.

A schematic of the Kiln 2 main stack is provided in Figure 3.1.
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Figure 3.1 Schematic of the Kiln 2 Stack Sampling Location
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3.2 Flue Gas Velocity and Volumetric Flow Rate - EPA Method 2

The flue gas velocity and volumetric flow rate were determined according to the procedures
outlined in EPA Method 2.  Velocity measurements were using type S pitot tubes conforming to the
calibration specifications outlined in EPA Method 2, Section 10.1.  Each Type-S pitot tube, calibrated
according to these standards, had an assigned coefficient.  Differential pressures were measured with
fluid manometers.  Effluent gas temperatures were measured with chromel-alumel thermocouples
equipped with digital readouts.

3.3 Outlet Flue Gas Composition - EPA Method 3A

2 2Outlet flue gas analysis for oxygen (O ) and carbon dioxide (CO ) concentrations, and the
calculation of percent excess air and flue gas dry molecular weight was performed in accordance with
EPA Method 3A.

2 2To evaluate the sampling location and points for FTIR and O  sampling, a three-point O
concentration stratification test on a line passing through the centroidal area at (for stacks is greater
than 2.4 meters) at 0.4, 1.2 and 2.0 meters from the stack or duct wall.  The procedures in Section
8.1.2 of Method 7E were followed, using oxygen as allowed by fourth sentence in Section 8.1.2.  The

2plant O  CEMS was used as a control. A criteria of <5% variation from combined mean for each point
was used as indication of non-stratification to allow single point sampling at the point closest to the
mean. 

Per EPA Method 3A for determining molecular weight, continuous extractive sampling was
obtained using the same Method 320 sampling system described in Section 3.6.

A portion of the hot , wet gas sample was sent through a condensing system to remove the

2 2stack moisture.  A portion of the moisture-free gas sample was sent to an O /CO  analyzer. 

Calibration procedures were be performed in accordance with EPA methodology.   Analyzers
were calibrated before and after each test and a calibration check between each test run.

The pretest calibrations consisted of the following steps:

C Internal (direct) calibration of each analyzer to adjust calibration and
check linearity.

C External (through the entire sampling system) calibration to check the
system bias on zero and span gases.

The post test calibration consisted of an external system bias calibration check.

The analyzer calibrated using a certified zero and span (mid or high range) gas.  Zero and span
gases were directed to each analyzer through the appropriate plumbing, the calibration gas flow rates
were adjusted to the correct flow rate and the analyzer was adjusted with the appropriate span pot.

After the analyzer was properly adjusted the linearity was checked using a low and high range
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calibration gas.  The maximum allowable limit for linearity is 2% of the analyzer range and all
analyzers were shown to be linear within these limits before proceeding.

The external calibration bias check were performed by placing the CEM system in sampling
mode and injecting a zero and span gas into the sample line at the probe exit.  This check showed 
if there is any sampling system related bias, and also checks the integrity of the sample line.

3.3.1 Calibration Gases

DEECO useed EPA Protocol and/or ±2% NIST Traceable gases for calibration as required
by the various reference methods employed in this test program.  Calibration gases were selected from
previous experience with similar sources and/or from information obtained from the facility engineer
prior to sampling.  In some cases if the gases that are selected are out of the optimum range of
operation then no significant impact of data quality is expected due to the linear nature of the
analyzers that were used.

Specific HCN gases were manufactured for this test program in the range of 50-100 ppm to

6provide spikes in the 5-10 ppm range, or lower; with an SF  or appropriate tracer used to calculate
the exact spike gas dilution ratio of 10% or less.

No audit gases from a federal or a state agency were provided.

3.3.2 Sampling Procedures

At the completion of the pretest calibration routine, the CEM system was ready for operation. 
No further adjustments of sample flow rates, analyzer zero or span adjustments, or other critical CEM
operating parameters were made until testing and post test calibration were complete.

Each sampling run was one hour.  At the completion for each test run, calibration gases were
used to check between test runs.  A zero and the upscale calibration gas closest to the actual emission
concentrations were used for the pretest and post test calibrations.

3.4 Flue Gas Moisture Content - EPA Method 4

The flue gas moisture content was determined in conjunction with the EPA Method 26A trains
according to the sampling and analytical procedures outlined in EPA Method 4.   (NOTE: In order
to maintain isokinetic sampling, the sampling rate used may have been required to temporarily exceed
the EPA Method 4-specified maximum sampling rate of 0.75 CFM, based on observed stack gas pitot
readings.)  The impingers were connected in series and contained reagents as described below.  The
impingers were contained in an ice bath in order to assure condensation of the moisture in the flue
gas stream.  Any moisture that is not condensed in the impingers was captured in the silica gel,
therefore all moisture was weighed and entered into moisture content calculations.
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3.5 Hydrogen Fluoride and Diatomic Chlorine  - EPA Method 26A

Sampling and analytical procedures were those outlined in EPA Method 26A to determine

2primarily diatomic chlorine (Cl ) emissions and  hydrogen fluoride (HF) emissions at main stack
outlet sampling locations.  Duplicate simultaneous trains (a.k.a “paired trains”) for each test run were
used to determine precision.

Sample was collected through a heated glass probe, followed by a heated Teflon filter, where

2stack gas HF and Cl  were collected in a series of chilled impingers.  The sampling train impingers
contained 100 ml of 0.1N sulfuric acid in the first and second,  an empty third impinger, 100 ml of
0.1N NaOH in the fourth and fifth and 200 grams of silica gel in the last impinger

Sampling was conducted isokinetically (±10%) with readings of flue gas parameters recorded
at traverse points selected according to EPA Method 1.  Leak-checks on the Method 26A sampling
train were performed before and after each sampling run and optionally for any port change.  The
sampling train leak-checks and leakage rate (where applicable) were documented on the field test data
sheet for each respective run.  All leak checks were acceptable.  

The  glass button hook nozzle and probe liner was constructed of borosilicate glass.  The filter
holder was constructed of borosilicate glass with a Teflon frit filter support and a sealing gasket.  A
PTFE-bonded glass fiber filter was used.  The probe and filter housing were heated to above 248EF
and not exceed an upper boundary of 273EF.  Probe liners and filter holders were cleaned thoroughly
prior to testing. 

The Method 26A trains was operated isokinetically for a minimum of 60 minutes and
collected a minimum of 1 dry, standard cubic meter (DSCM).  Pretest preparations, preliminary
determinations, and leak check procedures were those outlined in EPA Method 5.  

After completion of sampling the train was leak checked and transferred to the sample
recovery trailer.  All leak checks were acceptable.  The impingers were weighed to determine
moisture gain in accordance with EPA Method 4.

Sample recovery involved quantitative recovery of the sulfuric acid impinger contents and the
NaOH impinger contents into separate tare-weighed, precleaned polyethylene sample containers.

The nozzle, probe, filter and filter housing were not recovered.

The contents of sulfuric acid impingers, including the contents if any of the empty (2nd

knockout or third) impinger were quantitatively transferred to the tare-weighed, precleaned
polyethylene sample container,  followed by three rinses with deionized (DI) water of the impingers
and all connecting glassware (including the connecting glassware to the first impinger) placed in the

2 4same H SO  container. The container was labeled  and weighed to determine the final sample volume. 

The contents NaOH impingers were quantitatively transferred to a second tare-weighed,
precleaned polyethylene sample container, followed by three rinses with DI water of the impingers
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and all connecting glassware  placed in the same NaOH container.  The container was labeled  and
weighed to determine the final sample volume.

Sample recovery from each train included:

2 41. Container No. 1 - Contents of H SO  impingers  and  knockout impinger and, and DI
rinse of impingers and connecting glassware; and 

2. Container No. 2 - Contents NaOH impingers, and DI rinse of impingers and
connecting glassware.

Additional quality control consisted  of collecting and analyzing a field blank train for every
three test runs.  The blank train was assembled from a used train, leak checked and sat for a period
equal to the sampling time (i.e, 1-hr).  The blank train data was to be used to determine the method
detection limit for the test program target analytes (ie. The lowest number that could be detected), and
compared to stack emissions.  

2 4Reagent blanks of 0.1 N H SO , 0.1N NaOH, and DI water were collected and archived for
later analysis should there be any issues with the field blank train samples

2 4The H SO  impinger solutions were analyzed using ion chromatography techniques for
fluoride ions (F ) (EPA SW-9057).  Duplicate analyses performed on the samples and field blanks. -

Precision was demonstrated by duplicate injection of each sample, the results of each individual
analysis being within 5% of their mean to be acceptable.

The NaOH impinger solutions was treated with sodium thiosulfate to ensure complete
conversion of hypochlorous acid (HClO) to chloride ions (Cl ).  The resulting solution was analyzed-

using ion chromatography techniques for chloride ions (EPA SW-9057).  Duplicate analyses was
performed on the samples and field blanks.  Precision was demonstrated by duplicate injection of each
sample, the results of each individual analysis being within 5% of their mean to be acceptable

2All EPA Method 26A HF/Cl  samples were analyzed by Element One of Wilmington NC. 
Refer to Section 1, Figure 1.1 of the RTR Sampling and Analytical Protocol for contact information.

For this test program, the relative deviation (RD) was to be calculated as described in EPA

2 Method 30B between the Cl concentrations measured with the paired trains.  A criteria of a less than
10% relative deviation or 0.2 ppm absolute difference was required. 

2  The absolute differences between the Cl concentrations measured with the paired trains is

2 summarized in Table 3.1.   For each paired run, Cl concentrations met the 0.2 ppm absolute
difference criteria.
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TABLE 3.1 PAIRED METHOD 26A SAMPLING TRAIN DIATOMIC CHLORINE
CONCENTRATION COMPARISON RESULTS FOR THE KILN 2 MAIN
STACK; JANUARY 24, 2024

Run Time

Train A
Diatomic Chlorine 

 Concentration
(ppm,dry)

Train B
Diatomic Chlorine 

 Concentration
(ppm,dry)

Absolute
Difference
(ppm,dry)

Run 1 12:31-13:37 <0.09 <0.09 0.00

Run 2 14:12-15:18 0.11 <0.09 0.02

Run 3 15:28-16:34 <0.09 <0.09 0.00
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3.6 Hydrogen Cyanide and Hydrogen Fluoride - EPA Method 320

EPA Method 320 was performed to determine emissions of concentrations of HCN and HF. 
Three, 1-hour sampling runs were conducted under each representative process and control system
operating conditions.

The gas sample was extracted from the stack through a glass-lined probe and filter heated to
375 F.  For external calibration checks and analyte spikes, the gases were introduced in front of theE 

heated filter.  Any excess calibration gas was diverted through the sample probes into the source.
Outflow of gas from the heated filter enclosure was transported through a Teflon sample line heated to
375 F.  For these sources approximately 300’ of sample line was required.  The heated sample line wasE 

connected directly to the FTIR sample cell.  Using heat-traced Teflon tubing the exit of the FTIR cell
was connected to a sample pump with a heated stainless steel pump head.  The pump discharge was
directed to a proprietary chiller-type gas conditioner to remove moisture prior to delivery sample gas

2 2to the O /CO  monitor.

The distribution of the gas sample to the monitors was accomplished using a panel equipped

2 2with valves and rotometers.   The gas sample was then divided and directed to the O /CO  analyzer.

FTIR sample cell was  maintained at 191 C and connected to a MKS Instruments Multigas 2030E

Fourier Transform Infrared Spectrometer and Detector.

The FTIR spectrometer measured vapor phase organic or inorganic compounds which absorb
energy in the mid-infrared spectral region, about 400 to 4000 cm  (25 to 2.5 ìm).  Continuous-1

measurement were made by matching sample absorbance bands with bands in reference spectra, and
comparing sample band intensities with reference band intensities.

The principle limitation to FTIR spectroscopy are the presence of interfering compounds that
also absorb energy in the mid-infrared spectral region.  In a cement kiln stack gas matrix, water vapor

2 2(H O) and carbon dioxide (CO ) are the primary interferents that must be incorporated into the
identification and quantitation method.

The FTIR software performs the computation for a single compound by subtracting all the other
compounds (interferants and target) from the absorbance spectra and quantifies the single compound
based on the remain absorbance.  The FTIR software provides a Standard Error Calculation (SEC) value
that is an indication of how well the identification and quantitation has been performed.  A high SEC
indicates that other interferants have not been accounted for in the analysis method, and a low SEC is
indicative of greater confidence measurement. 

The instrument is operated with a resolution of 0.5 cm  with 4x zero filling.  Beer-Norton-1

Medium apodization is used with amplitude phase correction.

For this RTR test program, following specific QA/QC activities for EPA Method 320 were
performed and are summarized in Table 3.2
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3.6.1  Laboratory QA/QC Activities Before Field Test Program

Before field testing occurs, the following QA/QC activities were conducted; 

1) Seven consecutive samples of dry nitrogen through the sampling system was acquired and used
to calculate the standard deviation for each of the test program target analytes multiplied 
by a factor of 3.  These data were considered representative of detection limits (DL) for this test
program and were below the 0.5 ppm required DL for both HCN and HF;

2) From these seven dry nitrogen samples, the results for the Signal-to-Noise Ratio (SNR)  @
2500 cm  was >2500, at 64 scans and the results for single beam intensity @ 2500 cm  was-1 -1

>0.9; and

3) The HCN calibration gases was analyzed directly and the FTIR responses agreed with tag value
within 5%

3.6.2 QA/QCActivities During Field Test Program

During the field test program, following QA/QC activities were be performed and criterium
met;

1) On each test day prior to any testing, an instrument background was collected using dry
nitrogen directed to the gas cell.  The background was collected with at least 128 scans;

2) The probe, filter, sample line and all sample system components in contact with effluent were
be maintained at or above 375ºF or 191ºC (consistent with FTIR calibration temperature) to
avoid any possible “cold spots;” 

3) A system zero with all sampling system components at operating temperature was performed
by injecting nitrogen at the sample probe and through sample filter and entire measurement
system.  After zero equilibration was achieved, all measurement components were quantified
for at least 128 scans;

4) The sample probe was position at effluent measurement point and sampling was continue
until equilibration of the measurement system has been achieved.  At this point, the effluent
concentrations was quantified with two consecutive 64-scan samples as the initial native
concentration for the dynamic spike;

5) Analyte spiking was conducted for HCN before the first test run, and after each successive test
run for a minimum of 4 spikes per test condition.  These results were used to determine
accuracy and are summarized in Table 3.3;

6) The spike gas injections was maintained at 10% or less of total sample volume.  The spike gas
concentration and flow rate was be selected to approximately double the native effluent

6concentration.   Spike recovery results were within ±20% of the expected value.  An SF  tracer
was used to calculate the exact spike gas dilution ratio of 10% or less;
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TABLE 3.2 FTIR PRETEST AND FIELD TEST QA/QC SUMMARY

Spectrum HCN SF6 HF SNR 2500 sBeam @2500

Seven consecutive samples of dry nitrogen for detection limit

SPC__000837.LAB
SPC__000838.LAB
SPC__000839.LAB
SPC__000840.LAB
SPC__000841.LAB
SPC__000842.LAB
SPC__000843.LAB

-0.051
-0.032
0.046
-0.011
0.080
0.059
-0.029

-0.002
-0.000
-0.017
0.016
0.002
-0.012
-0.006

6223.51
5809.30
3759.60
4373.66
5347.95
5012.46
4706.13

1.42
1.42
1.42
1.42
1.42
1.42
1.42

Standard Deviation X 3 0.156 0.032

Averages 5033.23 1.42

HCN Standard (CC768222; 49.9 ppm HCN/5.0 ppm SF6)

SPC__156465.LAB
SPC__156466.LAB
SPC__156467.LAB
SPC__156468.LAB

48.42
48.61
48.47
48.64

4.77
4.78
4.79
4.77

Averages 48.54 4.77

Residuals for Post HCN analyte spike native scans

SPC_156520.LAB
Concentration
MDC3
MDC3%

1.58
0.17
NA

-0.15
0.27
NA

SPC_156521.LAB
Concentration
MDC3
MDC3%

1.45
0.21
NA

-0.18
0.29
NA

Final SNR @ 2500 cm  and single beam intensity @ 2500 cm  -1 -1

SPC__156761.LAB 4074.4 1.14
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7) After the dynamic spike, nitrogen was sent through the sampling system until all traces of
spike gas removed and lines proven below DL for target analytes;

8) The nitrogen purge was discontinued and the sampling system was allowed to equilibrate with
stack gas before starting a test run.  The first two consecutive 64-scan samples of a sample run
was used for the final native concentration.  Residual results for HCN and HF were verified
to be less than 0.2-0.3 ppm for data acceptance, or less than 5% of the measured value,
whichever was least restrictive.  

9) The final  SNR  @ 2500 cm , at 64 scans, and the results for single beam intensity @ 2500-1

cm  were verified to met the >2500 and >0.9 criterium;  respectively. -1
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TABLE 3.3 ETHYLENE CALIBRATION TRANSFER STANDARD (CTS) AND
HYDROGEN CYANIDE ANALYTE SPIKING TEST RESULTS FOR THE
KILN 2 MAIN STACK; JANUARY 24, 2024

Run Time

Average Native
Hydrogen Cyanide

 Concentration
(ppm,wet)

Spike plus Average
Hydrogen Cyanide

 Native Concentration
(ppm,wet)

Hydrogen
Cyanide

Spike
Recovery

CTS
Error

Pre Run 1 11:51-12:10 1.22 2.83 95.2% -3.5%

Post Run 1 13:28-13:44 1.18 3.18 96.6%

Post Run 2 15:11-15:25 1.66 3.60 93.4%

Post Run 3 16:25-16:39 1.97 4.35 111.6% -4.1%
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4.  QA/QC PROCEDURES AND RESULTS

The objective of a quality assurance/quality control (QA/QC) program is to assure that the
precision and accuracy of all environmental data generated by DEECO for clients are commensurate
with data quality objectives (DQO's).  DQO's are based on a common understanding of the intended
end use(s) of the data, the measurement process, and the availability of resources.  Once DQO's are
established, formally or informally, QC protocol can be defined for the measurements.

In this project, the final data user is Holcim.  The  data quality objectives in this project are
to generate scientifically sound data to be used for compliance purposes.

4.1 Sampling Equipment

All of the sampling equipment used was calibrated according to the procedures outlined in the
Quality Assurance Handbook for Air Pollution Measurement Systems, Volume III, EPA-600/4-77-
027b.

4.1.1 Manual Sampling Equipment Calibrations

For sampling Methods 1, 2, and 4 the procedures and equipment used to measure stack gas
velocity and temperature measurements and the metering system used to maintain constant rate
sampling conditions and to determine the sample gas volume were subjected to pretest and posttest
calibrations and/or inspections as required by the appropriate EPA methods.  

Barometer - Barometric pressure values were obtained from a calibrated barometer, verified by
phone call to a local airport, and corrected for elevation to sample port level (0.01 inches Hg per 10
ft. elevation).

Pitot Tubes - Each pitot tube used in sampling meets the design specifications for type-S pitot tubes

pin EPA Method 2.  Therefore, a maximum value baseline coefficient (C ) of 0.84 is assigned to each
pitot tube.  Calibration by the manufacturer for pitot face-opening alignment included measuring the

t a bexternal tubing diameter (dimension D ), the base-to-opening plane distance (dimensions P  and P ),
and the face opening misalignment angles, with all terms as described in EPA Method 2.  Pitot tubes
were visually inspected for structural integrity at the completion of each test.  Inspection sheets for
pitot tubes are included in Appendix E.

Calibration Meter and Metering System - The secondary reference meter equipment arrangement
for calibration is shown in Figure 5.7 of EPA Method 5.  The prescribed procedures were followed. 
A wet test meter with a 1 ft /rev capacity and + 1 percent accuracy is used as the primary calibrant. 3

The dry gas meter's pump is run for a minimum of 5 minutes at a flow rate of 0.35 cfm to condition
the interior surface of the wet test meter.  Leak checks are performed and if satisfactory, triplicate runs
at each of no less than five different flow rates are done.  A calibration curve is prepared and the
meter is recalibrated after 200 hours of operation or annually, whichever comes first.
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The calibration set-up for the dry gas metering system using the secondary reference meter
in lieu of the wet test meter is given in Figure 5.5 of EPA Method 5.  A leak check of the metering
system before calibration was performed as shown in Figure 5.4 of EPA Method 5.  The metering

2systems's pump is operated for 5 minutes at an orifice manometer setting of 0.5 inches H 0 to heat
up the pump and system to stabilize the meter inlet and outlet temperatures.  Values for the orifice

w dsetting (delta H), wet test meter volume (V ), corresponding dry test meter volume (V ), dry test

di dnmeter inlet and outlet gas temperatures (t and t ), and time are recorded for the initial calibration. 
Then the ratio of the wet test meter to the dry test meter (gamma) and the orifice pressure differential
that equates to 0.75 cfm at standard conditions (delta H@) are calculated.  

A post-test meter calibration was made on the dry gas meter used during the test to check its
accuracy against the pre-test calibration.  This post-test calibration check was made using the average
orifice setting obtained during each test run and setting the vacuum at the maximum value obtained
during each test run.  These test runs were made against DEECO's secondary reference dry gas meter
which was calibrated against a wet test meter.  The calibration data sheets for the dry gas meters are
included in Appendix E.

Thermocouples and Digital Indicators - Thermocouples were calibrated by comparing them against
an ASTM-3F mercury-in-glass thermometer at approximately 32EF (ice water), ambient temperature,
and at approximately 220EF.  Each thermocouple was calibrated against temperature ranges to which
it is typically exposed during test conditions, and they agreed within 1.5 percent (expressed in ER)
of the reference thermometer throughout the entire calibration range.  Also, thermocouples were
checked at ambient temperature at the test site to verify calibration.  The calibration data sheets for
the thermocouples are included in Appendix E.

Pretest and Posttest Leak Checks of Sampling Trains - Each Method 4 sampling train was
subjected to pretest leak checks and posttest leak checks.  For all sampling runs the posttest leak
checks were acceptable (less than 4% of the sampling rate at the highest vacuum recorded during the
test run).

4.2 Analytical QA/QC Results

Analytical measurements of precision and accuracy were made on stack gas samples, and are
summarized in a separate report.
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Summary of Analysis 

 
Summary of Method 26A Analysis 

 

 
WH- 

M26A-R1A 
WH- 

M26A-R2A 
WH- 

M26A-R3A 
 e41949-1 e41949-2 e41949-3 

Element Total mg Total mg Total mg 
---------------- --------------- --------------- --------------- 

HF < 0.275 < 0.291 < 0.290 

Cl2 < 0.371 0.456 < 0.361 
 

 
WH- 

M26A-R1B 
WH- 

M26A-R2B 
WH- 

M26A-R3B 
 e41949-4 e41949-5 e41949-6 

Element Total mg Total mg Total mg 
---------------- --------------- --------------- --------------- 

HF < 0.270 < 0.288 < 0.315 

Cl2 < 0.376 < 0.375 < 0.349 
 

 
WH- 

M26A-FB 
 e41949-7 

Element Total mg 
---------------- --------------- 

HF < 0.212 

Cl2 < 0.183 
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Element One Analytical Narrative 
 

Client: Deeco, Inc.  Element One #: 41949 

Client ID: 24-3323 Holcim Whitehall Analyst: LAW, MNB 

Method: M26A Dates Received: 01.29.24 

Analytes: HF, Cl2 Dates Analyzed: 01.31.24-02.01.24 

 
 
Summary of Analysis 
 
The samples were prepared and analyzed according to Method 26A protocol.  
The samples were analyzed for fluoride and chloride on Metrohm 930/858 and 
881/858 ion chromatograph systems respectively. 
 
 
Detection Limits 
 
The Metrohm reporting limit was 0.1 µg/mL for fluoride and chloride. 
 
 
Analysis QA/QC 
 
Duplicate analyses relative percent difference (RPD), spike recovery and second 
source verification data are summarized in the Quality Control section.  All 
QA/QC data was within the criteria of the method. 
 
 
Additional Comments  
 
The reported results have not been corrected for any blank values or spike 
recovery values.  Due to the sample matrix, it was necessary to analyze all 
samples at a minimum five-fold dilution to reduce interferences and to preserve 
the anion column.  Due to matrix interference, it was necessary to analyze the 
field samples for Cl2 at a minimum ten-fold dilution.  The reported results relate 
only to the items tested or calibrated. 
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Summary of Quality Control Data 
 

Summary of Method 26A Duplicate Analysis RPD 
(Method 26A QC limits:  <5% for RPD) 

 
WH- 

M26A-R1A 
WH- 

M26A-R2A 
WH- 

M26A-R3A 

Element RPD RPD RPD 
---------------- --------------- --------------- --------------- 

HF NA NA NA 

Cl2 NA 0.0% NA 

 

 
WH- 

M26A-R1B 
WH- 

M26A-R2B 
WH- 

M26A-R3B 

Element RPD RPD RPD 
---------------- --------------- --------------- --------------- 

HF NA NA NA 

Cl2 NA NA NA 

 

 
WH- 

M26A-FB 

Element RPD 
---------------- --------------- 

HF NA 

Cl2 NA 

 
 

Summary of Method 26A Spike Recoveries  
(Method 26A QC limits:  90-110% for Spike Recoveries) 

 
WH- 

M26A-R3A 
WH- 

M26A-R3B 

Element Recovery Recovery 
---------------- --------------- --------------- 

HF 97% 101% 

Cl2 105% 102% 
 
 

Second Source Calibration Verification 
(*Laboratory QC limits: 90-110%) 

 DL 0.1mg/L *QC 5.0mg/L 

Element Recovery Recovery 
---------------- --------------- --------------- 

HF 105% 101% 

Cl2  109% 105% 
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Analytical Calculations 
 
 

HF - 
 
Total HX (mg) = [X Results (µg/mL)*Dilution*Beginning Vol (mL)]*Correction Factor 

1000 

 
Where- 
 
X Results= Raw sample concentration (ppm) — IC Data Sheet 

 
Dilution= Diluted Volume—IC Run Sheet 

Aliquot 
 
Beginning Volume--Sample Submission 

 

1.053= Correction factor for hydrogen fluoride 
 
 
 
Cl2 - 
 

Total X2 (mg) =X Results (µg/mL)*Dilution*Beginning Volume (mL) 
1000 

 
 

Where- 
 
X Results= Raw sample concentration (ppm)—Cl2 IC Data Sheet 

 
Dilution= Diluted Volume—IC Run Sheet 

Aliquot 
 
Beginning Volume--Sample Submission 
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Analytical Calculations 

 
 
Spike Recovery- 
 

Spike (%) = (Spiked Result (µg/mL) – Sample Result (µg/mL))      X100 
  Spike Amount (µg/mL) 

 
Where- 
 
Spike Result = Raw sample concentration (ppm)--IC-Data Sheet 

 

Sample Result = Raw sample concentration (ppm)--IC-Data Sheet 

 
Spike Amount—IC-Data Sheet 
 
 
 
Duplicate Analysis RPD- 
 

RPD (%) = (Duplicate Result (µg/mL) - Sample Result (µg/mL))    X100 
        Average (µg/mL) 

 
Where- 
 
Sample Result and Duplicate Results=Raw sample concentration (ppm)--IC-Data 

Sheet 

 
Average= (Duplicate + Sample Results) 

   2 
 
 



 

elementOne 
Certification: NJ NELAP NC009  

41949 Deeco M26A Report Packet 
Page 15 of 25 

 



 

elementOne 
Certification: NJ NELAP NC009  

41949 Deeco M26A Report Packet 
Page 16 of 25 

   



 

elementOne 
Certification: NJ NELAP NC009  

41949 Deeco M26A Report Packet 
Page 17 of 25 

   



 

elementOne 
Certification: NJ NELAP NC009  

41949 Deeco M26A Report Packet 
Page 18 of 25 

  



 

elementOne 
Certification: NJ NELAP NC009  

41949 Deeco M26A Report Packet 
Page 19 of 25 

 



 

elementOne 
Certification: NJ NELAP NC009  

41949 Deeco M26A Report Packet 
Page 20 of 25 

  



 

elementOne 
Certification: NJ NELAP NC009  

41949 Deeco M26A Report Packet 
Page 21 of 25 

  



 

elementOne 
Certification: NJ NELAP NC009  

41949 Deeco M26A Report Packet 
Page 22 of 25 

  



 

elementOne 
Certification: NJ NELAP NC009  

41949 Deeco M26A Report Packet 
Page 23 of 25 

 
 

 
 



 

elementOne 
Certification: NJ NELAP NC009  

41949 Deeco M26A Report Packet 
Page 24 of 25 

   



 

elementOne 
Certification: NJ NELAP NC009  

41949 Deeco M26A Report Packet 
Page 25 of 25 

 































































DEECO Inc.
3404 Lake Woodard Road
Raleigh, NC 27604
(919) 250-0285 (ph); (919) 250-1835 (Fax) www.deeco.com

PROTOCOL TO PERFORM A SAMPLING
AND ANALYTICAL TESTING PROGRAM

AS PART OF THE US EPA RISK AND TECHNOLOGY REVIEW
at

Holcim (US) Inc.
Whitehall Facility
5160 Main Street

Whitehall, Pennsylvania 18052

Submitted By:
DEECO, INC.

3404 Lake Woodard Road
Raleigh, NC 27604

September 29, 2023

Copy # 1



TABLE OF CONTENTS

Figure Page
1.0 INTRODUCTION .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1

1.1 SUMMARY OF TEST PROGRAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.2 PLANT NAME, ADDRESS, AND CONTACT. . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.3 PROCESS OF INTEREST. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.4 AIR POLLUTION CONTROL EQUIPMENT. . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.5 EMISSION POINTS AND SAMPLING LOCATIONS. . . . . . . . . . . . . . . . . . . 1-1
1.6 POLLUTANTS TO BE MEASURED.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2
1.7 EXPECTED TEST DATES.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2
1.8 TEST PROGRAM ORGANIZATION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2

2.0 SOURCE DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.1 PROCESS DESCRIPTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.2 CONTROL EQUIPMENT DESCRIPTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1

3.0 TEST PROGRAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.1 OBJECTIVES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.2 TEST MATRIX. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.3 TEST COORDINATION.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2

4.0 SAMPLING LOCATION DESCRIPTIONS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.1 SAMPLING LOCATION DESCRIPTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1

5.0 SAMPLING AND ANALYTICAL PROCEDURES. . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.1 TEST METHODS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1

5.1.1 SAMPLING POINT DETERMINATION - EPA METHOD 1.. . . . . . . 5-1
5.1.2 FLUE GAS VELOCITY AND VOLUMETRIC FLOW RATE - EPA

METHOD 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.1.3 OUTLET FLUE GAS COMPOSITION - 

EPA METHOD 3A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.1.3.1  Calibration Gases. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-2
5.1.3.2  Sampling Procedures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-2

5.1.4 FLUE GAS MOISTURE CONTENT - EPA METHOD 4. . . . . . . . . . . 5-3
5.1.5 HYDROGEN FLUORIDE AND DIATOMIC CHLORINE  - EPA METHOD

26A.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-3
5.1.6 HYDROGEN CYANIDE AND HYDROGEN FLUORIDE - EPA METHOD

320. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-5
5.1.6.1  Laboratory QA/QC Activities Before Field Test Program. . . . . 5-5
5.1.6.2 QA/QC Activities During Field Test Program. . . . . . . . . . . . . . 5-6

6.0 QUALITY ASSURANCE/QUALITY CONTROL ACTIVITIES . . . . . . . . . . . . . . . . . 6-1
6.1 QA/QC PROCEDURES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.2 SAMPLE IDENTIFICATION AND CUSTODY. . . . . . . . . . . . . . . . . . . . . . . . 6-2



TABLE OF CONTENTS (Continued)

7.0 SAMPLE CUSTODY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1
7.1 FIELD SAMPLING OPERATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1
7.2 ANALYTICAL OPERATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1

8.0 INTERNAL QUALITY CONTROL CHECKS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1
8.1 EQUIPMENT INSPECTION AND MAINTENANCE.. . . . . . . . . . . . . . . . . . . 8-1
8.2  EQUIPMENT CALIBRATION.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1
8.3 SAMPLING QUALITY CONTROL PROCEDURES. . . . . . . . . . . . . . . . . . . . 8-3
8.4 ANALYTICAL QUALITY CONTROL PROCEDURES.. . . . . . . . . . . . . . . . . 8-5

9.0 REPORTING AND DATA REDUCTION REQUIREMENTS. . . . . . . . . . . . . . . . . . . 9-1
9.1 DATA REPORTING. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
9.2 REPORT CONTENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
9.3 DATA REDUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
9.4 DATA VALIDATION.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1

10.0 PLANT ENTRY AND SAFETY.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-1
10.1 SAFETY RESPONSIBILITIES.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-1
10.2 SAFETY PROGRAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-1
10.3 SAFETY REQUIREMENTS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-1

LIST OF TABLES

Table Page
TABLE 3-1 PROGRAM OUTLINE AND TENTATIVE TEST SCHEDULE.. . . . . . . . . . . 3-1
TABLE 6-1 QA/QC PROCEDURES AND REQUIREMENTS.. . . . . . . . . . . . . . . . . . . . . . 6-1

LIST OF FIGURES

Figure Page
Figure 1.1 Organizational Chart.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3
Figure 2.1 Whitehall Detailed Process Schematic. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
Figure 4.1 Schematic of Stack Sampling Location. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-2

APPENDICES

Appendix A - Sampling and Analytical Methods



US EPA RTR Sampling and Analytical Protocol Page: 1-1
Holcim (US) Inc. - Whitehall Facility Revision No: 0
Whitehall, PA Date: September 29, 2023

1.0  INTRODUCTION 

1.1 SUMMARY OF TEST PROGRAM

The United States Environmental Protection Agency (US EPA) has directed the portland
cement industry (SIC 3241) to conduct emissions testing as part of the US EPA Risk and Technology
Review (RTR).  This document provides the overall test program approach and specifies minimum
sample collection procedures, data quality objectives, and quality assurance/quality control measures
to be used by the source testing firms selected by the cement companies performing tests.  The test
program is designed to be a comprehensive and robust test of each facility.   The quality assurance
and quality control (QA/QC) measures are designed to produce standardized data having known
precision and accuracy.  Collection of accurate, representative, and standardized data for facilities
with low emissions is necessary especially in view of MACT standard setting procedures.

Cement kiln pyro-processing systems located throughout the US will be included in this
request.  Individual facilities have a wide range of kiln system configurations and air pollution
control (APC) trains.  Site-specific considerations will be required to capture emissions profiles for
the target analytes that represent the extent of control or possible emissions increases from these
controls.  

1.2 PLANT NAME, ADDRESS, AND CONTACT

Holcim (US) Inc. - Whitehall Facility
5160 Main Street
Whitehall, Pennsylvania 18052

Ms. Laurel Steele
TEL (610) 483-5218
E-Mail  laurel.steele@holcim.com

1.3 PROCESS OF INTEREST

The process to be tested at the Whitehall facility is a pyro-processing system equipped with
a preheater, designated as Kiln 2.  Kiln 2  (Process 282005) is a Fuller Company Model 84200 that
is 195 feet long and 13.5 feet in diameter with a nominal clinker capacity of 59 tons per hour.   Other
kilns located at the facility are idled.

1.4 AIR POLLUTION CONTROL EQUIPMENT

The Holcim Whitehall facility operates a number of air pollution control devices which help
control and lower stack emissions.  The kiln is equipped with a selective non-catalytic reduction
(SNCR) system and dry absorbent addition (DAA) system for oxides of nitrogen (NOx) and sulfur
dioxide (SO2) control, respectively.  Particulate matter is captured in an Allen Shennan Hoftman
baghouse (ID: C01) and returned to the kiln feed system.  A water spray system between the
preheater and the induced draft fan protects the baghouse from high temperatures.

1.5 EMISSION POINTS AND SAMPLING LOCATIONS

The emissions from Kiln 2 are exhausted through an individual horizontal duct, before
entering a common shell stack.  Emissions will be measured in the duct.
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1.6 POLLUTANTS TO BE MEASURED

Emission testing will be conducted for hydrogen cyanide (HCN), hydrogen fluoride (HF),
and diatomic chlorine (Cl2).  Concurrent measurements to determine volumetric flow rate will be
made.  The sampling and analytical procedures to be followed are discussed in detail in Section 4.

1.7 EXPECTED TEST DATES

Test dates are to be determined.

1.8 TEST PROGRAM ORGANIZATION

The test program organizational chart is presented in Figure 1.1.
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Figure 1.1 Organizational Chart



US EPA RTR Sampling and Analytical Protocol Page: 2-1
Holcim (US) Inc. - Whitehall Facility Revision No: 0
Whitehall, PA Date: September 29, 2023

2.0  SOURCE DESCRIPTION 

2.1 PROCESS DESCRIPTION

The Kiln 2 process uses pulverized limestone and other raw materials are fed into the
preheater, and pulverized bituminous coal, coke and plastics-derived fuels are introduced as fuel in
the combustion end of the kiln.  Tire-derived fuels are used as supplemental fuel in the preheater. 
The raw material is heated to 2,600 to 3,000°F., with preheat temperatures exceeding 1,400°F. 
Combustion gases pass through the rotating kiln counter to the flow of raw materials.  As a result,
some of the materials are entrained as particulate matter.

2.2 CONTROL EQUIPMENT DESCRIPTION

The Holcim Whitehall facility operates a number of air pollution control devices which help
control and lower stack emissions.  The kiln is equipped with a selective non-catalytic reduction
(SNCR) system and dry absorbent addition (DAA) system for oxides of nitrogen (NOx) and sulfur
dioxide (SO2) control, respectively.  Particulate matter is captured in an Allen Shennan Hoftman
baghouse (ID: C01) and returned to the kiln feed system.  A water spray system between the
preheater and the induced draft fan protects the baghouse from high temperatures.

A schematic of the Whitehall process, including control equipment is shown below in Figure
2.1.

Figure 2.1 Whitehall Detailed Process Schematic
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3.0  TEST PROGRAM

3.1 OBJECTIVES

An air emissions sampling and analytical program will be conducted on the Kiln 2 exhaust
duct at the Whitehall cement facility located in Whitehall, Pennsylvania.  All testing will be
performed following accepted EPA methodology.  The test program is to provide a standardized data
set to the EPA and the cement industry so that reliable facility inter-comparisons of emissions can
be made.

All testing will be performed in strict accordance with "DRAFT GENERAL TEST PLAN
Testing To Determine HCN, HF, and Cl2 Emissions From Cement Kilns” dated March 2, 2023” and
the specifications stipulated in 40 CFR 60, Appendix A for flow rate following  EPA Method 1, 2,
3A, and 4) and  hydrogen fluoride (HF) and diatomic chlorine (Cl2) following EPA Method 26A and 
in 40 CFR 63, Appendix A for hydrogen cyanide (HCN) and (HF) following EPA Method 320.  All
sampling runs will be one hour long.  

The source emission test will be performed on a date to be determined.  Testing will be
conducted under representative process and control system operating conditions.   For facilities with
inline raw mills, testing will be performed while operating in the “Mill On" and “Mill Off”
conditions.  Whitehall Kiln 2 has no inline raw mill, therefore only a single operating condition will
be tested.

3.2 TEST MATRIX

Table 3-1 presents the sampling and analytical matrix and proposed test schedule.

TABLE 3-1 PROGRAM OUTLINE AND TENTATIVE TEST SCHEDULE

Sampling
Location

No. of
runs

Sample/Type
Pollutant

Sampling
Method

Sample Run
Times (min)

Analytical Method Analytical
Laboratory

Day 1

K2 Duct Arrive on-site and set up test equipment on the Kiln 2 exhaust duct

Day 2

Kiln 2
Duct

3 O2/CO2 EPA Method 3A 60
Paramagnetic (O2)

NDIR (CO2) 
DEECO

3 HF and Cl2 EPA Method 26A1 60 Ion Chromatograph Element One

3 HCN and HF EPA Method 320 60 FTIR (Method 320) DEECO
1 Stack gas flow rate and moisture measurement may be taken from concurrent Method 26A sampling trains.
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3.3 TEST COORDINATION

Ms. Laurel Steele, the Whitehall facility contact, will serve as the test coordinator and will
be responsible for:

1. Scheduling the start of all testing
2. Principal contact with the agency officials concerning the tests
3. Principal contact with DEECO concerning  the tests
4. Recording the process data during the testing
5. Providing copies of any field test data to the agency

If there is a temporary equipment malfunction in the middle of a test, radio contact will be
made with the test crew in order to delay the test.  When problems have been corrected, the test will
continue from the point where it was delayed.  If the malfunction or upset condition results in an
extended test delay, then the affected test run(s) may be aborted and a new run(s) conducted when
the malfunction has been corrected or process upset cleared.  Any samples or field data from aborted
runs may be discarded.
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4.0  SAMPLING LOCATION DESCRIPTIONS

4.1 SAMPLING LOCATION DESCRIPTION

The Kiln 2 exhaust duct is a horizontally-oriented 8 feet by 4 feet rectangular stack.  The
stack gas sampling ports (4 total) are located approximately 1.5 diameters from the upstream
disturbance and 3.76 diameters from the downstream disturbance.  The location does not meet the
minimum specifications for a measurement site under EPA Method 1.

Cyclonic flow checks, as described in EPA Method 1 Section 2.4, using the Type-S pitot null
procedure and angle measurements will be conducted at the Kiln 2 stack test location. 

The expected number of sampling traverse points will be 28, as has been used historically
and calculated using EPA Method 1.  Each traverse will be made at each sampling location using
a type-S pitot tube in accordance with EPA Methods 2 procedures.  Gas temperatures are to be
measured using calibrated Type K thermocouples and digital readout devices.  All measurements are
to be performed in accordance with the procedures in EPA Methods 2, and 26A.

A schematic of the Kiln 2 exhaust duct is provided in Figure 4.1.
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Figure 4.1 Schematic of Stack Sampling Location
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5.0  SAMPLING AND ANALYTICAL PROCEDURES

This section contains a brief description of the sampling and analytical procedures for each
method that will be employed during the test program.  All equipment, procedures, and quality
assurance measures necessary for completion of the test program will meet or exceed the
specifications of the appropriate methods  Any deviations from the methods to ensure quality
representativeness of the results are also discussed.

5.1 TEST METHODS

The methods for the test program are described below, and apply to all process operating
conditions (e.g. where there is an inline raw mill, testing will be performed while operating in the
“Mill On" and “Mill Off” conditions).  Table 3-1 outlines expected operating conditions for this test.

5.1.1 SAMPLING POINT DETERMINATION - EPA METHOD 1

The number and location of the sampling or traverse points will be determined according to
the procedures outlined in EPA Method 1.  The sample location will be inspected to insure EPA
Method 1 criteria is met.  All points will be at least 1.0 inches from the stack wall, per Method 1.

5.1.2 FLUE GAS VELOCITY AND VOLUMETRIC FLOW RATE - EPA METHOD 2

The flue gas velocity and volumetric flow rate will be determined according to the procedures
outlined in EPA Method 2.  Velocity measurements will be made using type S pitot tubes
conforming to the calibration specifications outlined in EPA Method 2, Section 10.1.  Each Type-S
pitot tube, calibrated according to these standards, will have an assigned coefficient.  Differential
pressures will be measured with Magnehelic gauges of appropriate range or with fluid manometers. 
Effluent gas temperatures will be measured with chromel-alumel thermocouples equipped with
digital readouts.

5.1.3 OUTLET FLUE GAS COMPOSITION - EPA METHOD 3A

Outlet flue gas analysis for oxygen (O2) and carbon dioxide (CO2) concentrations, and the
calculation of percent excess air and flue gas dry molecular weight will be performed in accordance
with EPA Method 3A.

To evaluate the sampling location and points for FTIR and O2 sampling, a three-point O2

concentration stratification test on a line passing through the centroidal area at 16.7, 50.0 and 83.3
percent of the measurement line (or for stacks is greater than 2.4 meters (7.8 ft) at 0.4, 1.2 and 2.0
meters from the stack or duct wall).  The procedures in Section 8.1.2 of Method 7E will be followed,
but oxygen will be used as parameter as allowed by fourth sentence in Section 8.1.2.  The plant O2

CEMS as a control. A criteria of <5% variation from combined mean for each point will be used 
as indication of non-stratification and allowing single point sampling at the point closest to the mean. 
Otherwise, sampling for equal periods at the three test points during test run will be conducted.

Per EPA Method 3A for determining molecular weight, integrated sampling will be obtain
using the Method 320 sampling system described in Section 5.1.6.

A portion of the hot , wet gas sample will be sent through a condensing system to remove the
stack moisture, A portion of the moisture-free gas sample will be snt to a CAI Model 200 O2 (or
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equivalent) analyzer measures using the paramagnetic technique.  An oxygen molecule, because of
its sp3 electron orbital distribution, has an unpaired electron and  hence displays a magnetic
orientation.  Since other elements that display this magnetic phenomenon are not common gasses
at normal temperatures, the paramagnetic measurement technique is virtually specific for oxygen.
The sample gas flows through a detection cell located in a very strong magnetic field.  The
concentration of O2 gas present induces a pressure differential in the detector cell.  The amount of
differential pressure is proportional to the concentration of O2 gas present.

Calibration procedures will be performed in accordance with EPA methodology.   Analyzers
will be calibrated before and after each test and a calibration check between each test run.

The pretest calibrations will consist of the following steps:

C Internal (direct) calibration of each analyzer to adjust calibration and
check linearity.

C External (through the entire sampling system) calibration to check the
system bias on zero and span gases.

The post test calibration will consist of an external system bias calibration check.

The analyzer will be as calibrated using a certified zero and span (mid or high range) gas. 
Zero and span gases were directed to each analyzer through the appropriate plumbing, the calibration
gas flow rates will be adjusted to the correct flow rate and the analyzer will be adjusted with the
appropriate span pot.

After the analyzer is properly adjusted the linearity will be checked using a low and high
range calibration gas.  The maximum allowable limit for linearity is 2% of the analyzer range.  All
analyzers will be shown to be linear within these limits before proceding..

The external calibration bias check will be performed by placing the CEM system in
sampling mode and injecting a zero and span gas into the sample line at the probe exit.  This check
shows if there is any sampling system related bias, and also checks the integrity of the sample line.

5.1.3.1  Calibration Gases-DEECO will use EPA Protocol and/or ±2% NIST Traceable gases for
calibration as required by the various reference methods employed in this test program.  Calibration
gases will be selected from previous experience with similar sources and/or from information
obtained from the facility engineer prior to sampling.  In some cases if the gases that are selected are
out of the optimum range of operation then no significant impact of data quality is expected due to
the linear nature of the analyzers that were used.

Audit gases, if available from a federal or a state agency, will be analyzed.

5.1.3.2  Sampling Procedures-At the completion of the pretest calibration routine, the CEM system
will be ready for operation.  No further adjustments of sample flow rates, analyzer zero or span
adjustments, or other critical CEM operating parameters will be made until testing and post test
calibration were complete.

Each sampling run will be one hour.  At the completion for each test run, calibration gases
will be used to check between test runs.  A zero and the upscale calibration gas closest to the actual
emission concentrations will be used for the pretest and post test calibrations.
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5.1.4 FLUE GAS MOISTURE CONTENT - EPA METHOD 4

The flue gas moisture content will be determined in conjunction with the EPA Method 26A
trains according to the sampling and analytical procedures outlined in EPA Method 4.   (NOTE: In
order to maintain isokinetic sampling, the sampling rate used may be required to temporarily exceed
the EPA Method 4-specified maximum sampling rate of 0.75 CFM, based on observed stack gas
pitot readings.)  The impingers will be connected in series and will contain reagents as described
below.  The impingers will be contained in an ice bath in order to assure condensation of the
moisture in the flue gas stream.  Any moisture that is not condensed in the impingers is captured in
the silica gel, therefore all moisture can be weighed and entered into moisture content calculations.

5.1.5 HYDROGEN FLUORIDE AND DIATOMIC CHLORINE  - EPA METHOD 26A

Sampling and analytical procedures will be similar to those outlined in EPA Method 26A to
determine primarily diatomic chlorine (Cl2) emissions and  hydrogen fluoride (HF) emissions at main
stack outlet sampling locations.  Duplicate simultaneous trains (a.k.a “paired trains”) for each test
run will be used to determine precision.

Sample is collected through a heated glass probe, followed by a heated quartz fiber filter,
where stack gas HF and Cl2 are collected in a series of chilled impingers.  The sampling train
impingers will contain 50 ml of 0.1N sulfuric acid in the first impinger (optional should high
moisture warrant a modified short stem), 100 ml of 0.1N sulfuric acid in the second and third, an
empty fourth impinger, 100 ml of 0.1N NaOH in the fifth and sixth and 200 grams of silica gel in
the last impinger.  (NOTE:  For plants with scrubbers, the optional cyclone may be used since the
gas stream may be saturated with moisture.) 

Sampling will be conducted isokinetically (±10%) with readings of flue gas parameters
recorded at traverse points selected according to EPA Method 1.  Leak-checks on the Method 26A
sampling train will be are performed before and after each sampling run and optionally for any port
change.  In the event that any portion of the train needed to be disassembled and reassembled (i.e.,
due to filter or resin changes), leak-checks are performed.  The sampling train leak-checks and
leakage rate (where applicable) are documented on the field test data sheet for each respective run. 
All leak checks will be acceptable.  

The  glass button hook nozzle and probe liner will be constructed of borosilicate glass or
quartz.  The filter holder will be constructed of borosilicate glass with a Teflon frit filter support and
a sealing gasket.  A heated quartz fiber filter, for sources above 210EC,  or PTFE-bonded glass fiber
filter will be used.  The probe and filter housing will heated to above 248EF and not exceed an upper
boundary of 273EF.  Probe liners and filter holders will be cleaned thoroughly prior to testing. 

The Method 26A trains will be operated isokinetically for a minimum of 60 minutes and
collect a minimum of 1 dry, standard cubic meter (DSCM).  Pretest preparations, preliminary
determinations, and leak check procedures will be those outlined in EPA Method 5.  

After completion of sampling the train will be leak checked and transferred to the sample
recovery trailer.  All leak checks will be acceptable.  The impingers will be weighed to determine
moisture gain in accordance with EPA Method 4.

Sample recovery will involve quantitative recovery of the sulfuric acid impinger contents and
the NaOH impinger contents into  separate tare-weighed, precleaned polyethylene sample containers. 
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The nozzle, probe, filter and filter housing will not be recovered.

The contents of sulfuric acid impingers, including the contents if any of the empty (2nd

knockout or fourth) impinger will be quantitatively transferred to the tare-weighed, precleaned
polyethylene sample container,  followed by three rinses with deionized (DI) water of the impingers
and all connecting glassware (including the connecting glassware to the first impinger) placed in the
same H2SO4 container. The container will be labeled  and weighed to determine the final sample
volume.  The liquid level will be marked on the sample container.  

The contents NaOH impingers will be quantitatively transferred to a second tare-weighed,
precleaned polyethylene sample container, followed by three rinses with DI water of the impingers
and all connecting glassware  placed in the same NaOH container.  The container will be labeled 
and weighed to determine the final sample volume.  The liquid level will be marked on the sample
container

Sample recovery from each train will include:

1. Container No. 1 - Contents 1st knockout, H2SO4 impingers, and  2nd knockout and,
and DI rinse of impingers and connecting glassware; and 

2. Container No. 2 - Contents NaOH impingers, and DI rinse of impingers and
connecting glassware.

Additional quality control consists of collecting and analyzing a field blank train for every
three test runs.  The blank train is to be assembled from a used train, leak checked and sit for a period
equal to the sampling time (i.e, 1-hr).  The blank train data will be used to determine the method
detection limit for the test program target analytes (ie. The lowest number that could be detected),
and compared to stack emissions.  

Reagent blanks of 0.1 N H2SO4, 0.1N NaOH, and DI water will be collected and archived for
later analysis should there be any issues with the field blank train samples

The H2SO4 impinger solutions will be analyzed using ion chromatography techniques for
fluoride ions (F-) (EPA SW-9057).  Duplicate analyses will be performed on the samples and a
reagent blank.  Precision will be demonstrated by duplicate injection of each sample, the results of
each individual analysis must be within 5% of their mean to be acceptable.  If the precision criteria
is not met, analysis of the sample is repeated until consecutive injections meet the criteria. 

The NaOH impinger solutions will be treated with sodium thiosulfate to ensure complete
conversion of hypochlorous acid (HClO) to chloride ions (Cl-).  The resulting solution will be 
analyzed using ion chromatography techniques for chloride ions (EPA SW-9057).  Duplicate
analyses will be performed on the samples and a reagent blank.  Precision will be demonstrated by
duplicate injection of each sample, the results of each individual analysis must be within 5% of their
mean to be acceptable.  If the precision criteria is not met, analysis of the sample is repeated until
consecutive injections meet the criteria. 

All EPA Method 26A HF/Cl2 samples will be analyzed by Element One of Wilmington NC. 
Refer to Section 1, Figure 1.1 for contact information.

 The relative deviation (RD)will be calculated as described in EPA Method 30B between the
Cl2 concentrations measured with the paired trains.   
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5.1.6 HYDROGEN CYANIDE AND HYDROGEN FLUORIDE - EPA METHOD 320

EPA Method 320 will be performed to determine emissions of concentrations of HCN and
HF.  Three, 1-hour sampling runs will be conducted under representative process and control system
operating conditions.

The gas sample will be extracted from the stack through a glass-lined probe and filter heated
to 375E F.  For external calibration checks and analyte spikes, the gases will be introduced in front of
the heated filter.  Any excess calibration gas will be diverted through the sample probes into the
source. Outflow of gas from the heated filter enclosure was transported through a Teflon sample line
heated to 375E F.  For this source approximately 100’ of sample line will be required.  The heated
sample line will be connected directly to the FTIR sample cell.  Using heat-traced Teflon tubing the
exit of the FTIR cell will be connected to a sample pump with a heated stainless steel pump head.  The
pump discharge will be directed to a proprietary chiller-type gas conditioner to remove moisture prior
to delivery sample gas to the O2/CO2 monitors.

The distribution of the gas sample to the monitors will be accomplished using a panel equipped
with valves and rotometers.   The gas sample was then divided and directed to the analyzers.

FTIR sample cell will be  maintained at 191EC and connected to a MKS Instruments Multigas
2030 Fourier Transform Infrared Spectrometer and Detector.

The FTIR spectrometer will measure vapor phase organic or inorganic compounds which
absorb energy in the mid-infrared spectral region, about 400 to 4000 cm-1 (25 to 2.5 ìm).  Continuous
measurement will be made by matching sample absorbance bands with bands in reference spectra, and
comparing sample band intensities with reference band intensities.

The principle limitation to FTIR spectroscopy are the presence of interfering compounds that
also absorb energy in the mid-infrared spectral region.  In a cement kiln stack gas matrix, water vapor
(H2O) and carbon dioxide (CO2) are the primary interferents that must be incorporated into the
identification and quantitation method.

The FTIR software performs the computation for a single compound by subtracting all the
other compounds (interferants and target) from the absorbance spectra and quantifies the single
compound based on the remain absorbance.  The FTIR software provides a Standard Error Calculation
(SEC) value that is an indication of how well the identification and quantitation has been performed. 
A high SEC indicates that other interferants have not been accounted for in the analysis method, and
a low SEC is indicative of greater confidence measurement. 

The instrument is operated with a resolution of 0.5 cm-1 with 4x zero filling.  Beer-Norton
Medium apodization is used with amplitude phase correction.

For this RTR test program, following specific QA/QC activities for EPA Method 320 will be
performed and criterium met.

5.1.6.1  Laboratory QA/QC Activities Before Field Test Program- Before field testing occurs, the
following QA/QC activities will be conducted; 

1) Seven consecutive samples of dry nitrogen through the sampling system will be acquired and
used to calculate the standard deviation for each of the test program target analytes multiplied 
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by a factor of 3.  These data will be considered representative of detection limits for this test
program and are to be compared to the 0.5 ppm required DL;

2) From these seven dry nitrogen samples, the results for the Signal-to-Noise Ratio (SNR)  @
2500 cm-1 should be >2500, at 64 scans and the results for single beam intensity @ 2500 cm-1

should be >0.9; and

3 Upon receipt of  HCN calibration gases a direct analysis will be performed to verify FTIR
response agrees with tag value within 5%.   Analysis results will be reported to PCA to
assess need for modified reference spectra and/or change to direct analysis criterion:

5.1.6.2 QA/QCActivities During Field Test Program- During the field test program, following
QA/QC activities will be performed and criterium met;

1) On each test day prior to any testing , an instrument background will be collected using dry
nitrogen directed to the gas cell.  The background will be collected with at least 128 scans;

2) The probe, filter, sample line and all sample system components in contact with effluent will
be maintained at or above 375ºF or 191ºC (consistent with FTIR calibration temperature) to
avoid any possible “cold spots;” 

3) Heated sample lines will be #100 feet wherever possible, and not longer than 200 feet,
without prior approval for unusual test circumstances;

4) A system zero with all sampling system components at operating temperature will be
performed by injecting nitrogen at the sample probe and through sample filter and entire
measurement system.  After zero equilibration has been achieved, all measurement
components will be quantified for at least 128 scans;

5) Ambient air will be sampled  until equilibration of the measurement system has been
achieved and all measurement components will be quantify for at least 128 scans;

6) The sample probe will be position at effluent measurement point and sampling will continue
until equilibration of the measurement system has been achieved.  At this point, the effluent
concentrations will be quantified with two consecutive 64-scan samples as the initial native
concentration for the dynamic spike;

7) Analyte spiking will be conducted for HCN before the first test run, and after each successive
test run for a minimum of 4 spikes per test condition.  (Additional spikes would be  required
before and after corrective action for the sampling or analysis system and/or before and after
removing the sampling system from the stack.)  These results will determine accuracy;

8) The spike gas injections will be maintained at 10% or less of total sample volume.  The spike
gas concentration and flow rate will be selected to approximately double the native effluent
concentration, or the spike will be conducted to add 3-4 ppm to native concentration,
whichever results in greater spiked concentration.  Spike recovery results will be within
±20% of the expected value or ±0.5 ppm, whichever is least restrictive.  (Specific HCN gases
will be manufactured for this test program in the range of 50-100 ppm to provide spikes in
the 5-10 ppm range, or lower.   An SF6 or appropriate tracer will be used to calculate the
exact spike gas dilution ratio of 10% or less;)

9) After the dynamic spike,  nitrogen will be sent through the sampling system until all traces
of spike gas are removed and lines are proven below DL for target analytes;

10) The nitrogen purge will be discontinued and the sampling system will be allowed to
equilibrate with stack gas before starting a test run.  The first two consecutive 64-scan
samples of a sample run will be used for the final native concentration.  Residual results for
HCN and HF will be verified to be less than 0.2-0.3 ppm for data acceptance, or less than 5%
of the measured value, whichever is least restrictive.  Calculate the standard deviation for
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each of the test program target analytes for seven consecutive sample spectra from Run 1,
multiplied by a factor of 3.  These data will be compared to the pre-test system nitrogen
standard deviation results and also included in the facility test report;

11) The SNR  @ 2500 cm-1, at 64 scans, and the results for single beam intensity @ 2500 cm-1

will be verified to met the >2500 and >0.9 criterium;  respectively.  The analyte spiking for
HCN and subsequent system nitrogen injection will be conducted after each test run.
Continue sequence until at least three valid runs per test condition are completed.
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6.0  QUALITY ASSURANCE/QUALITY CONTROL ACTIVITIES 

6.1 QA/QC PROCEDURES

The QA/QC procedures for this RTR test program are summarized in Table 6-1.

TABLE 6-1 QA/QC PROCEDURES AND REQUIREMENTS

Target
Analyte Test Method Detection Limit QA/QC

HCN EPA Method 320 0.5 ppm Increase scans if needed to achieve detection limits. 
Increasing to 400 from relative 64 (gives a 2.5 S/N
advantage).

HCN spiking before and after each run by adding 10% or
less spike to approximately double the native effluent
concentration, or conduct spike to add 3-4 ppm to native
concentration, whichever results in greater spiked
concentration.

Spike recovery results shall be within ±20% of the expected
value or ±0.5 ppm, whichever is least restrictive

5% pre-to-post run calibration transfer standard (CTS)
requirement

HF 0.2-0.3 ppm Rely on CTS (5%), HCN and tracer gas responses to validate
HF FTIR data

Cl2 EPA Method 26A ~ 0.07 mg/m3

(~0.2 ppm)

Duplicate Simultaneous Trains; 
Collect minimum of 1 dscm for each sample train.
Acceptance criteria for paired samples: 10% Relative
Deviation or 0.2 ppm absolute difference, whichever is least
restrictive.
Insert dry impinger between acid and base impingers

Effluent
Flow Rate

EPA Methods 1-4 Not Applicable As per M26A isokinetic testing or separately by Methods 1-
3.  FTIR measurements for H2O.
Wind Tunnel calibrated pitot tube having a Cp of 0.84 or
less is required for all flow measurements.
Compare preliminary velocity traverse measurements and
sample run flow rate measurements to installed certified flow
rate monitor.  Investigate and resolve differences greater
than 10% of average flow rate.

O2 EPA Method 3A Not Applicable Analyte concentrations corrected @ 7% O2 
Span is 10%, 15%, or 20% (for co-mingled stacks only)
Acceptance criteria are 0.2% O2 difference for analyzer
calibration error, and 0.3% O2 for system bias checks, and
zero and upscale drift checks.
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6.2 SAMPLE IDENTIFICATION AND CUSTODY

Sample custody procedures for this program are based on EPA recommended procedures. 
Since samples will be analyzed by one or more laboratories as well as in the field, the custody
procedures emphasize careful documentation of sample collection and field analytical data and the
use of chain of custody records for samples being transported.  The procedures which will be used
are discussed below.

The project manager will be responsible for ensuring that proper custody and documentation
procedures are followed for the field sampling and field analytical efforts.  He will be assisted in this
effort by key sampling personnel involved in sampling recovery.

Samples will be collected, transported, and stored in clean containers which are constructed
of materials inert to the analytical matrix such as glass jars.  Only containers which allow air tight
seals will be used.  Amber glass jars will be employed when containers are needed to inhibit
photochemical reactions.

All sampling data, including information regarding sampling times, locations, and any
specific considerations associated with sample acquisition will be recorded on preformatted data
sheets.  All samples will be given unique, identifying alphanumeric sample codes which will serve
to track samples from the field to the laboratory.

Samples will be stored for transport from the lab to the field to the lab in storage boxes
constructed in a fashion which minimizes movement and thus prevents breakage of containers.  For
example, boxes used for transporting glass containers will have foam inserts with form-fitting
cutouts.  Sample transport boxes will be locked except when in use.  Vans containing equipment and
samples will be locked whenever they are left unattended.

A daily activity log will be maintained by the project supervisor.  This will be an informal
log used to record various types of information, such as minor problems which arise, sketches of
sampling locations, names and phone numbers of plant contacts. daily activity summaries, etc.

This section provides information regarding the organization of the sampling and analytical
program.  The following details the key positions and their responsibilities.  Once personnel have
been assigned to these positions, their qualifications will be provided as an addendum.  

The organization of the project team, including QA functions, is shown in the project
organization chart (see Figure 1.1). 
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7.0  SAMPLE CUSTODY

Sample custody procedures for this program are based on EPA recommended procedures. 
Since samples will be analyzed by one or more laboratories as well as in the field, the custody
procedures emphasize careful documentation of sample collection and field analytical data and the
use of chain of custody records for samples being transported.  The procedures which will be used
are discussed below.

7.1 FIELD SAMPLING OPERATIONS

The project manager will be responsible for ensuring that proper custody and documentation
procedures are followed for the field sampling and field analytical efforts.  He will be assisted in this
effort by key sampling personnel involved in sampling recovery.

Samples will be collected, transported, and stored in clean containers which are constructed
of materials inert to the analytical matrix such as glass jars.  Only containers which allow air tight
seals will be used.  Amber glass jars will be employed when containers are needed to inhibit
photochemical reactions.

All sampling data, including information regarding sampling times, locations, and any
specific considerations associated with sample acquisition will be recorded on preformatted data
sheets.  All samples will be given unique, identifying alphanumeric sample codes which will serve
to track samples from the field to the laboratory.

Samples will be stored for transport from the lab to the field to the lab in storage boxes
constructed in a fashion which minimizes movement and thus prevents breakage of containers.  For
example, boxes used for transporting glass containers will have foam inserts with form-fitting
cutouts.  Sample transport boxes will be locked except when in use.  Vans containing equipment and
samples will be locked whenever they are left unattended.

A daily activity log will be maintained by the project supervisor.  This will be an informal
log used to record various types of information, such as minor problems which arise, sketches of
sampling locations, names and phone numbers of plant contacts. daily activity summaries, etc.

7.2 ANALYTICAL OPERATIONS

Analytical operations will be performed on-site in the laboratory as well as in the remote
laboratories.  Samples analyzed by outside laboratories are transported with a Change of Custody
form.  This form will list sample identifications, analytical parameters, sample matrices, anticipated
date of results, and other relevant information necessary to ensure the appropriate analyses are
performed and to document the progress of the samples.



US EPA RTR Sampling and Analytical Protocol Page: 8-1
Holcim (US) Inc. - Whitehall Facility Revision No: 0
Whitehall, PA Date: September 29, 2023

8.0  INTERNAL QUALITY CONTROL CHECKS

Specific quality control (QC) procedures will be followed to ensure the continuous
production of useful and valid data throughout the course of this test program.  The QC checks and
procedures described in this section represent an integral part of the overall sampling and analytical
scheme.  Strict adherence to prescribed procedures is quite often the most applicable QC check.  A
discussion of both the sampling and analytical QC checks that will be utilized during this program
is presented below.

8.1 EQUIPMENT INSPECTION AND MAINTENANCE

Each item of field test equipment will be assigned a unique, permanent identification number. 
An effective preventative maintenance program is necessary to ensure data quality.  Each item of
equipment returning from the field will be inspected before it is returned to storage.  During the
course of these inspections, items are cleaned, repaired, reconditioned, and recalibrated where
necessary.

Each item of equipment transported to the field for this test program will be inspected again
before being packed to detect equipment problems which may originate during periods of storage. 
This minimizes lost time on the job site due to equipment failure.

Occasional equipment failure in the field is unavoidable despite the most rigorous inspection
and maintenance procedures.  For this reason, replacement equipment for all critical sampling train
components will be transported to the job site.

8.2  EQUIPMENT CALIBRATION

New items for which calibration is required will be calibrated before initial field use. 
Equipment whose calibration status may change with use or time will be inspected in the field before
testing begins and again upon return form each field use.  When an item of equipment is found to
be out of calibration, it will be repaired and recalibrated or retired from service.  All equipment will
be periodically recalibrated in full, regardless of the outcome of these regular inspections.

Calibrations will be conducted in a manner, and at a frequency, which meets or exceeds U.S.
EPA specifications.  The calibration procedures outlined in the EPA Methods will be followed. 
When these methods are inapplicable, methods such as those prescribed by the American Society
for Testing  Materials (ASTM) will be used.

Data obtained during calibrations will be recorded on standardized forms, which will be
checked for completeness and accuracy by the quality assurance manager.   Data reduction and
subsequent calculations will be performed using computer facilities.  Calculations will be checked
at least twice for accuracy.  Copies of calibration forms will be included in the test or projects
reports.

Emissions sampling equipment requiring calibration includes pitot tubes, pressure gauges,
thermometers, dry gas meters and barometers.  The following sections elaborate on the calibration
procedures to be followed for these items of equipment.

A: Pitot Tubes.  All Type S pitot tubes used, whether separate or attached to a sampling
probe, will be constructed in-house or by a third-party vendor.  Each new pitot will
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be calibrated in accordance with Section 10.1 of EPA Method 2.  Each Type-S pitot
tube, calibrated according to these standards, will have an assigned coefficient.  This
coefficient should not change as long as the pitot tube is not damaged.

      
   Each pitot tube will be inspected visually upon return from the field.  If a cursory

inspection indicates damage or raises doubt that the pitot remains in accordance with
the EPA geometry standards, the pitot tube will be refurbished as needed and
recalibrated.

B: Differential Pressure Gauge.  All meter consoles used are equipped with 10-inch
water column (W.C.) inclined-vertical manometers.  Fluid manometers do not require
calibration other than leak checks.  Manometers will be leak checked in the field
prior to each test series, and again upon return from the field.

C: Impinger Thermometer.  Prior to the start of testing, the thermometer used to
monitor the temperature of the gas leaving the last impinger will be compared with
a mercury-in-glass thermometer which meets ASTM E-1 No. 63F specifications. 
The impinger thermometer is adjusted if necessary until is agrees within 2oF of the
reference thermometer.  If the thermometer is not adjustable, it is labeled with a
correction factor.

D: Dry Gas Meter Thermometer.  The thermometer used to measure the temperature
of the metered gas sample will be checked prior to each field trip against an ASTM
mercury-in-glass thermometer.  The dry gas meter thermometer is acceptable if the
values agree within ± 5.4oF.  Thermometers not meeting this requirements will be
adjusted or labeled with a correction factor.

E: Flue Gas Temperature Sensor.  All thermocouples employed for the measurement
of flue gas temperature are calibrated upon receipt.  Initial calibrations will be
performed at three points (ice bath, boiling water, and hot oil).  An ASTM mercury-
in-glass thermometer will be used as a reference.  The thermocouple is acceptable if
the agreement is within 1.5 percent (absolute) at each of the three calibration points.

Before and after each field use, the reading from the flue gas thermocouple-
potentiometer combination will be compared with an ASTM mercury-in-glass
reference thermometer at ambient conditions.  If the two agree within ± 1.5 percent
(absolute), the thermocouple and potentiometer are considered to be in proper
working order.

F:  Dry Gas Meter and Orifice.  Two procedures will be used to calibrate the dry gas
meter and orifice simultaneously.  The full calibration will be a complete laboratory
procedure used to obtain the calibration factor of the dry gas meter.  Full calibrations
will be performed over a wide range of orifice settings.  A simpler procedure, the
post-test calibration, will be designed to check whether the calibration factor has
changed.

A dry gas meter that is calibrated annually against a spirometer or a set of calibrated
critical orifices will be used as a transfer standard.  During the annual calibration,
triplicate calibration runs will be performed at seven flow rates ranging from 0.25 to
1.40 cfm.



US EPA RTR Sampling and Analytical Protocol Page: 8-3
Holcim (US) Inc. - Whitehall Facility Revision No: 0
Whitehall, PA Date: September 29, 2023

G: Dry Gas Meter.  Each metering system receives a full calibration at the time of
purchase and a post-test calibration after each field use.  If the calibration factor, ã,
deviates by less than five percent from the initial value, the test data are acceptable. 
If ã deviates by more than 5 percent, the meter is recalibrated and the meter
coefficient (initial or recalibrated) that yields the lowest sample volume for the test
runs is used.

EPA Method 5 requires another full calibration anytime the post-test calibration
check indicates that ã changed by more than 5 percent.  Standard practice is to  adjust
and recalibrate the dry gas meter anytime ã is found to be outside the range of 0.96
to 1.04.  Post-test calibrations will be performed after each field test series per EPA
Method 5, section 16.3 procedures.

H: Orifice.  An orifice calibration factor will be calculated for each flow setting during
a full calibration.  If the range of values does not vary by more than 0.20 in H2O over
a range of 0.4 to 4.0 in H2O, the arithmetic average of the values obtained during the
calibration is used.

I: Barometer.  Each field barometer will be adjusted before each test series to agree
within ± 0.1 inches of a reference aneroid barometer.  The reference barometer will
be checked against the station pressure value (corrected for elevation difference)
reported by the National Weather Service.

8.3 SAMPLING QUALITY CONTROL PROCEDURES

The following pretest QC checks will be conducted:

• All sampling equipment will be thoroughly checked to ensure clean and operable
components.

• Equipment will be inspected for possible damage from shipment.
• The oil manometer or Magnehelic gauge used to measure pressure across the Type

S pitot tube will be leveled and zeroed.
• The number and location of the sampling traverse points will be checked before

taking measurements.
• The temperature measurement system will be visually checked for damage and

operability by measuring the ambient temperature prior to each traverse.

In addition to the general QC procedures listed above, QC procedures specific to each
sampling method will also be incorporated into the sampling scheme.  These methods and specific
procedures are discussed below.



US EPA RTR Sampling and Analytical Protocol Page: 8-4
Holcim (US) Inc. - Whitehall Facility Revision No: 0
Whitehall, PA Date: September 29, 2023

A: Sampling Train QC checks.  The following QC procedures will be emphasized:

Prior to Start of Tests

• Keep all cleaned glassware and sample train components sealed until train
assembly.

•     Assemble the sampling trains in an environment free from uncontrolled dust. 
• Visually inspect each sampling train for proper assembly.
• Perform pretest calculations to determine the proper sampling nozzle size.

Prior to Each Test Run

• Visually inspect the sampling nozzle.
• Visually inspect the Type S pitot tube.
• Leak check each leg of the Type S pitot tube.
• Leak check the entire sampling train.

During Each Test Run

• Readings of temperature and differential pressure will be taken at each
transverse point.

•   All sampling data and calculations will be recorded on preformatted data 
sheets.

•    All calibration data forms will be reviewed for completeness and accuracy.
•   Any unusual occurrences will be noted during each run on the appropriate

data  form.
•    The project supervisor will review sampling data sheets daily during testing.
•   Properly maintain the roll and pitch axis of the Type S pitot tube and the 

sampling nozzle.
• Leak check the train before and after any move from one sampling port to

another during a run (at DEECO’s option)  or if a filter change takes place.
•  Conduct additional leak checks if the sampling time exceeds 4 hours.
• Maintain the probe, filter, and impingers at the proper temperatures.
•     Maintain ice in the ice bath at all times.
•   Make proper readings of the dry gas meter, delta P and delta H, temperature,

and pump vacuum during sampling at each traverse point.
•     Maintain isokinetic sampling within ± 10% of 100%.

After Each Test Run

• Visually inspect the sampling nozzle.
• Visually inspect the Type S pitot tube.
• Leak check each leg of the Type S pitot tube.
• Leak check the entire sampling train.
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B:  QC for Volumetric air flow rate determinations

Flue Gas Velocity.  Data required to determine the flue gas velocity will be collected
using the methodology specified in EPA Method 2.  Quality control procedures are
as follows.

• Visually inspect the Type S pitot tube before and after sampling.
• Leak check both legs of the pitot tube before and after sampling.
• Check the number and location of the sampling traverse points before taking

measurements.

Flue Gas Molecular Weight.  In the event that that integrated bag samples are to be
used for determination of flue gas molecular weight, EPA Method 3 will be the
sampling technique specified.  Quality control will focus on the following
procedures:

• The sampling train will be leak checked before and after each run.
• A constant sampling rate will be used in withdrawing a sample.
• The sampling train will be purged prior to sample collection.
• The sampling port will be properly sealed to prevent air in-leakage.

Moisture Content.  The moisture content of the gas stream will be determined using
the technique specified in EPA Method 4.  The following QC checks will be
performed:

• The sampling train will be leak checked before and after each run.
• Ice will be maintained in the ice bath throughout each run to insure an exit

temperature (after the silica gel impinger) of #67EF.

8.4 ANALYTICAL QUALITY CONTROL PROCEDURES

All analyses for this program will be performed using accepted laboratory procedures in
accordance with the specified analytical protocols.  Adherence to prescribed QC procedures will
ensure data of consistent and measurable quality.  Analytical QC will focus upon the use of control
standards to provide a measure of analytical precision and accuracy.  Also, specific acceptance
criteria are defined for various analytical operations including calibrations, control standard analyses,
drift checks, blanks, etc.  The following general QC procedures will be incorporated into the
analytical effort:

• The on-site project manager will review all analytical data and QC data on a
daily basis for completeness and acceptability.

• Analytical QC data will be tabulated using the appropriate charts and forms
on a daily basis

• Copies of the QC data tabulation will be submitted to the quality assurance 
manager following the completion of the test program.

• All hard copy raw data (i.e., chromatograms, computer printouts, etc.) will be
maintained in organized files.
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Specific analytical QC procedures for the Orsat analyzer (if used) are listed below.

• The analyzer will be leveled and the fluid levels zeroed prior to use.
• The analyzer will be leak checked prior to use.
• The analyzer will be thoroughly purged with sample prior to use.
• The analyzer will be checked by analyzing an ambient air sample.

EPA Method 26A Sample Analysis QC Checks are listed below.

• Calibration curve consisting of 4 calibration levels that bracket the expected
sample range.  Dilute samples as necessary to reach the calibration range;

• Duplicate analysis of calibration standards, before and after sample analysis,
with duplicate injections being within 5% of their mean;

• Duplicate analysis of reagent blanks, quality control samples and field
samples with duplicate injections being within 5% of their mean; 

• Matrix spike samples may be prepared and analyzed.  Matrix spike recoveries
should be 90-110%

• A field blank will be carried through the procedure and analyzed with the
field samples.

• An audit sample will be analyzed for if available from two or more
independent, Approved Audit Sample Providers no less than 60 days prior to
the test effort.
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9.0  REPORTING AND DATA REDUCTION REQUIREMENTS

9.1 DATA REPORTING

The reporting units for HCN, HF, and Cl2 will be in parts-per-million by volume, wet basis
(ppmv,d), parts-per-million by volume, dry corrected to 7% oxygen (ppmv,d@7%O2), pounds-per-hour
(lbs/hr), and pounds-per-ton of clinker (lbs/ton).   Additional supporting data for CO2, O2, and H2O
concentrations and volumetric flow rates (actual cubic feet-per-minute, wet,standard cubic feet-per-
minute, and dry,standard cubic feet-per-minute) will be reported.  The clinker production, in short
tons-per-hour (TPH) will be reported.

Any data that is not acceptable because of technical difficulties will be indicated, and an
explanation of the technical problem will be given.  All related QC and calibration data will be in
the final report.  

9.2 REPORT CONTENTS

Copies of the test report will be submitted after the test series has been completed.  Results
reported will include, but not be limited to emission rates and concentrations of gaseous pollutants,
and process sample determinations, any liquid stream constituents determinations, and any other type
of data requested.  This report will also include a list of all personnel present during testing,
summary results, descriptions of test procedures used, a description of the source and its operation
during testing, test locations drawings, example calculations, raw field data, and equipment
calibrations.

9.3 DATA REDUCTION

Care will be exercised to ensure hand recorded data is written accurately and legibly. 
Additionally, the use of prepared data recording forms, conveniently formatted, is an important aid
to verify that all necessary data items are recorded.  The collected field and laboratory data will be
reviewed by the analyst and the Project Manager.  

The Project Manager will reduce and validate all of the sampling and analytical data that is
collected.  The sampling data will include flow measurements, calibrations, etc.  Each laboratory will
reduce all analytical results prior to their submission to the Project Manager.  The analytical data will
be used to determine concentrations and emission rates of the compounds of interest.

Data reduction follows guidelines published in EPA Reference Methods, where applicable,
and by guideline documents where EPA Reference Methods are not available.  Validated computer
programs will be used to calculate all reported values.

9.4 DATA VALIDATION

A second technical review of the data will be performed and documented by a qualified
scientist other than the one who performed the actual analyses.  The second reviewer will include
evidence (e.g., check marks, recalculations, etc.) that show which data points were checked.  Finally,
the second reviewer will sign and date the cover page of the data packet or the record that was
reviewed.
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In-situ measurements will be validated by demonstrated acceptable post-test leak checks and
calibration verifications according to the referenced method used.

Analysis data may be validated according to defined criteria by a secondary reviewer or by
the analyst.  At a minimum and if applicable, analysis data will be validated according to the
following criteria (additional method-specific criteria or project requirements may apply):

- Sampling records complete and traceable

- All appropriate QC samples included with the analytical batch and reported with the
sample results

- Routine tuning, calibration and inspection of analytical instrumentation documented
and performed prior to analyses

- Initial and continuing calibration criteria met

- Method/reagent blanks confirm no background contamination

- Surrogate recoveries within criteria

- Qualitative sample results (e.g., retention times, mass spectra, isotopic ratios)
consistent with standard data

- Sample data within the calibrated range of the instrument

- Chromatograms or other raw data consistent with computer-generated quantitation 
reports

- Accuracy of intermediate data manipulations, transcribed numbers and/or final
reported results verified

- Reference standards, instrumentation, sample identification, analysts, methodology,
and sequence of processing clearly identified and traceable in the project records

- Lost data or corrective actions documented (e.g., loss of sample, reanalysis,
redilutions, additional cleanup steps, alternative calculations etc.)

- Data that does not meet the validation requirements flagged accordingly

- Data reported in the correct units (e.g., "ppm" should not be used without specifying
volume or mass units; "ug/g" are preferred units for data reporting)
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10.0  PLANT ENTRY AND SAFETY

10.1 SAFETY RESPONSIBILITIES

The Project Manager is responsible for ensuring compliance with plant entry, health, and
safety requirements. The Facility Contact (refer to Section 1.2) as the authority to impose or waive
facility restrictions. The Project Manager has the authority to negotiate with facility person any
deviations from the facility restrictions.

10.2 SAFETY PROGRAM

DEECO has a comprehensive health and safety program that satisfies Federal OSHA and
MSHA requirements. The basic elements include: (1) written policies and procedures, (2) routine
training of employees and supervisors, (3) medical monitoring, (4) use of personal protection
equipment, (5) hazard communication, (6) pre-mobilization meetings with Holcim personnel and
DEECO test team personnel, and (7) routine surveillance of the on-going test work.

10.3 SAFETY REQUIREMENTS

All test personnel will adhere to the following standard safety and precautionary measures
as follows:
1) Confine activities to test area only;
2) Wear hard hats at all times on-site, except inside sample recovery trailers and mobile CEM

laboratory;
3) Wear protective shoes or boots in test area:
4) Wear protective glasses or goggles at the outlet test

sites, and other areas as designated;
5) Have readily available first aid equipment and fire extinguishers.

Before or on the first day on-site, the Project Manager will fill out the Emergency Response
Procedure form and provide copies to be posted at each test site.



Appendix A

Sampling and Analytical Methods



The sampling and analytical methods for this sampling effort can be found at the
following website:

Promulgated EPA test methods, 40 CFR 60 (Methods 1-4, 26A, and 320)

https://www.epa.gov/emc/emc-promulgated-test-methods

http://www.epa.gov/ttnemc01/promgate.html%20
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