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HGD Validation Test Report 

1. 
EXECUTIVE SUMMARY 

The U.S. Army Environmental Center (USAEC, formerly USATHAMA) has been 
conducting laboratory investigations and pilot-scale studies of the hot-gas 
decontamination (HGD) process since 1978. The results from these investigations 
and studies verified the effectiveness of the HGD technology in treating chemical 
agents and explosives; however, post-test recommendations indicated that 
improved system efficiencies and process optimization could be achieved using 
equipment specifically designed for the HGD concept. 

Starting with these recommendations as a baseline, USAEC contracted Roy F. 
Weston, Inc. (WESTON®) to design and procure HGD equipment that could meet 
the following criteria: 

■ Design a system that could be procured easily from commercial sources. 
"Custom" equipment designs were discouraged. 

■ Size and design equipment that could be easily transported from site to site. 

■ Design system equipment that could be operated locally at the equipment or 
remotely from a remote control area to ensure operator safety. 

■ Design furnace equipment that minimized air infiltration and provided good 
heat distribution throughout the furnace load. 

■ Provide system equipment capable of reaching treatment temperatures quickly, 
and capable of maintaining treatment temperatures over long soak periods 
once operations began. 

■ Provide system equipment capable of repeatable system operations over a 
series of furnace runs. 

The resultant transportable equipment design was delivered to USAEC's HGD 
site, at the Alabama Army Ammunition Plant (ALAAP) located in Alpine, 
Alabama, for demonstration and validation testing. The delivered HGD equipment 
consisted of: 

HGD Furnace. 
Interconnection Duct. 
Induced Draft Fan. 
Thermal Oxidizer. 
24-Foot Stack with 8-Foot Extension. 
Data Logging and Monitoring System. 
Remote Control System. 
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EXECUTIVE SUMMARY 

Once site preparation was completed, and system utilities to support HGD system 
operations were installed, a 1-week demonstration test, using clean, 
noncontaminated debris, was conducted between 4 and 8 December 1995. The 
demonstration test program was successful. System trials proved the HGD system 
equipment to be fully functional and capable of maintaining anticipated treatment 
temperatures. In addition, the demonstration tests identified a number of system 
enhancements, modifications, and repairs that would improve system operations 
during upcoming validation tests. After receiving permission from USAEC, the 
suggested repairs and modifications were made to the HGD equipment by 
WESTON. Completed modifications were verified operable and system operations 
were reconfirmed. The HGD system equipment was available for validation testing 
with explosives-contaminated materials. 

Validation testing of the HGD equipment was conducted by WESTON between 4 
January and 15 March 1996. The purpose of the validation testing was to evaluate 
the operability of the HGD equipment and to determine: 

■ The effectiveness of the HGD process on various explosives-contaminated 
items such as metal, clay pipe, concrete block, and contaminated debris. 

■ The removal efficiency (RE) of the HGD process using clean metal, clean clay 
pipe, and clean debris (cinder block) spiked with 2,4,6-trinitrotoluene (TNT), 
cyclotrimethylenenitramine (RDX), and 2,4,6-trMtrophenylmethylnitramine 
(tetryl). 

■ The time and temperature relationships for the decontamination of explosives 
on metal, clay, and block surfaces. 

■ The optimum treatment time and temperature required for the complete 
destruction and removal of explosives and their breakdown compounds. 

■ Gather air emissions data on the HGD process to support future permitting of 
the process and equipment. 

To meet these objectives, a series of 15 validation test runs were planned. Eighteen 
were actually conducted, as illustrated by the validation test matrix included as 
Table 1-1. Treatment temperatures ranged from 300 °F to 650 °F, and soak times 
ranged from 0 to 12 hours, depending on the test run. Ramp rates to treatment 
temperature varied from 50 °F/hour to 300 °F/hour. A combination of clean metal 
pipe, clean clay pipe, and clean concrete block spiked with an explosives-paste 
mixture that contained either TNT, RDX, or tetryl was placed in the furnace 
during each test run. An explosives-spike mixture contained only one explosive 
type and was not mixed with other explosives-spike mixtures on the same test 
plate. Twelve of the test runs, as indicated by the "D" in Table 1-1, also treated 
contaminated debris from the ongoing ALAAP remediation effort. 
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Table 1-1 

Validation Test Matrix 

EXECUTIVE SUMMARY 

Temperature 300 °F 400 °F 500 °F 550 °F 600 °F 

No Soak Tests 9 (D), 16A, 16B, 16C 

1-Hour Soak Test 12 (D) Test 11(D) Test 13 (D) Test 10 (D) Tests 7(D), 14(D), 15(D) 

2-Hour Soak Test 8 (D) Test 6 (D) 

4-Hour Soak Test 3 (E) Test 5 (D) 

6-Hour Soak Test 2 (E) Test 4 (D) 

12-Hour Soak Test 1 (E) 

(D) Indicates contaminated debris was also treated in addition to spiked test plates. 

(E) Indicates furnace discharge gas and stack emissions testing was conducted during these test runs. 

Confirmatory sampling and analysis was conducted before treatment to verify the 
absence of explosives prior to spiking, and after treatment to verify 
decontamination and identify breakdown compounds, if any, that remained on the 
treated contaminated materials after processing. 

As noted by "E" on the validation test matrix above, an emissions testing program 
was conducted during the first three validation test runs to support future 
permitting efforts of the HGD process, and to determine, if possible, the thermal 
oxidizer's destruction and removal efficiency (DRE). The HGD system stack 
emissions were sampled for: 

Carbon monoxide (CO). 
Carbon dioxide (C02). 
Total hydrocarbons (THC). 
Nitrous oxides (NOx). 
Sulfur dioxide (S02). 
Particulate. 
Explosives. 
Volatile and semivolatile organics. 
Metals. 
Hexavalent chromium (Cr+6). 
Hydrochloric acid (HC1) and chlorine gas (Cl2). 
Dioxins and furans. 
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EXECUTIVE SUMMARY 

Explosives emissions samples were also taken from the interconnection duct 
between the furnace exit and thermal oxidizer unit to support DRE calculations. 

Stack emissions were also monitored during all test runs by a Continuous 
Emissions Monitoring (CEM) system for C02, CO, THC, NOx, S02, and 02. To 
gather more information regarding furnace exit-gas constituents, the CEM system 
also monitored THC and NOx at the furnace exit by placing a separate sample 
probe in the interconnection duct. 

The validation test of the transportable HGD system was a success. Results 
indicate the following: 

■ The optimum operating conditions for removing TNT, RDX, tetryl, and their 
breakdown constituents to levels below method detection levels are 250 
°F/hour ramp to 600 °F treatment temperature with a 1-hour soak. 

■ The bulk of explosives decontamination occurs during the furnace ramp 
period, as indicated by the NOx levels at the furnace exit. 

■ Post-treatment testing consistently indicates removal efficiencies for TNT, 
RDX, and tetryl of 99.999%, based on an initial quantity of 1 pound of total 
explosives. 

■ The HGD process effectively processes explosives-contaminated debris to 
microgram quantities or less. 

■ The transportable HGD system is a controlled and fully instrumented process 
that has demonstrated its repeatability, test after test. 

Results from stack emissions testing during the first three validation test runs are 
summarized by the two points below and the information presented in Table 1-2. 

■ No detectable explosives contamination was observed in the stack emissions 
from the HGD system, thereby demonstrating the effectiveness of the thermal 
oxidizer in destroying explosives contained in the furnace exit gases. 

■ Sampling and analysis of volatile and semivolatile organic compounds (VOCs 
and SVOCs) was conducted to identify products of incomplete combustion 
(PICs) and explosives breakdown compounds. Results indicate: 

Only acetone, which was used to make the explosives-spike mixtures, was 
found in detectable quantities. 

Samples were analyzed for SVOC target compound list compounds; 
however, only nontarget SVOCs were identified. 
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Table 1-2 

Transportable HGD System Equipment Emissions Results 

Hazardous Air Pollutant 
Existing Standard 
(as of June 1996) Test Run Average 

Total hydrocarbons (ppm/v) 12 <1.0 

Carbon monoxide (ppm/v) 100 <1.0 

Sulfur dioxide (ppm/v) 30 0.69 

Nitrous oxides (ppm/v) 180 52.78 

Particulate (gr/dscf at 7% 02) <0.08 0.0004 

Hexavalent chromium (ug/dscm) NA 12.18 

Low volatility metals (ug/dscm) 
(antimony, arsenic, beryllium, chromium) 

210 (currently) 
62 (proposed) 

15.03 

Semivolatile metals (ug/dscm) 
(lead and cadmium) 

270 (currently) 
62 (proposed) 

2.33 

Hydrochloric acid, HC1 (lb/hr) 4.0 1.56 x 103 

Chlorine, Cl2 (ppm/v) NA 0.08 

Total HC1 and Cl2 (ppm/v) 280 (currently) 
67 (proposed) 

0.36 

Mercury (ug/dscm) 50 0.04 

Dioxins/furans (ng TEQ/dscm) 0.2 0.03 

Notes: 
lb/hr - pounds/hour. 
ppm/v - parts per million per volume. 
gr/dscf- grains per dry standard cubic foot. 
Ug/dscm - micrograms per dry standard cubic meter. 
ng TEQ/dscm - nanograms toxic equivalents per dry standard cubic meter. 
NA - not applicable. 

CEM data collected during all test runs indicate the following: 

■ Total hydrocarbons (THC), sulfur dioxide (S02), nitrous oxides (NOx), 
carbon monoxide (CO), and carbon dioxide (C02) emissions, measured by the 
CEM system, were significantly below the accepted permitting limits. 

■ NOx levels monitored in the furnace exit-gas duct indicated increased NOx 

activity during ramp-up periods and a return to baseline NOx levels after the 
furnace chamber temperature reached approximately 400 °F. 
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2. 
INTRODUCTION 

2.1  TECHNOLOGY BACKGROUND 

For many years, the U.S. Army (the Army) has engaged in a wide variety of 
activities involving the handling and disposal of explosives materials at various 
Army installations. Past operations at these installations have included 
manufacture, storage, testing, and disposal of explosives that have resulted in the 
contamination of process-related equipment, sewers, piping, and enclosed 
structures at the installations. 

Demilitarization of explosives-contaminated process equipment and structures has 
proven to be both difficult and expensive for the Army. Currently acceptable 
methods for decontamination of explosives-contaminated materials include 3X 
treatment methods such as steam cleaning and power washing, and 5X treatment 
methods that involve heating contaminated materials to a minimum temperature of 
1,000 °F for 15 minutes. Unfortunately, many of these treatment methods have 
proven to be ineffective for demilitarization, or result in complete destruction and 
loss of equipment and/or structures. 

To address these decontamination issues, the U.S. Army Environmental Center 
(USAEC, formerly U.S. Army Toxic and Hazardous Materials Agency or 
USATHAMA) began conducting bench-scale studies in the late 1970s to evaluate 
the effectiveness of the HGD technology on agent-contaminated materials and 
structures. 

2.2 TECHNOLOGY HISTORY 

Based on promising laboratory work with chemical warfare agents in the late 
1970s, a pilot-scale study using agent-spiked samples was conducted at Dugway 
Proving Ground, Utah.1 This controlled pilot-scale study successfully 
demonstrated the ability of the HGD process to decontaminate agent from a 
concrete and steel structure. 

To further evaluate the HGD process on agent, USAEC selected a mustard thaw 
pit (constructed with concrete) at Rocky Mountain Arsenal for a field 

1 Pilot Plant Testing of HGD Building Decontamination Process; Task Order 1. Report 
No. AMXTH-TE-CR-87130. Prepared by Battelle Columbus Division. 30 October 
1987. 
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demonstration of the HGD process in 1994.2 Three tanks (two 2,600-gallon tanks 
and one 250-gallon tank) were also left in the thaw pit during the field 
demonstration to test the effectiveness of the HGD process in decontaminating 
process equipment. Mustard agent was successfully decontaminated from the 
concrete pit, contaminated steel tanks, and process off-gases. This field 
demonstration, once again, proved the effectiveness of the HGD process. 

Based on the successful pilot-study results at Dugway, USAEC decided to 
investigate the effectiveness of the HGD process on explosives-contaminated 
materials. Pilot-scale tests using the HGD process to treat explosives 
contamination were conducted at the Cornhusker Army Ammunition Plant.3 

Results from the Cornhusker tests indicated the HGD process seemed to be 
effective at treating explosives-contaminated materials, but more studies were 
needed. To verify this finding, USAEC contracted for additional HGD studies to 
be conducted at Hawthorne Army Ammunition Plant (HWAAP).4'5 The HWAAP 
studies used an existing flash chamber modified for the HGD process. The 
following two studies were conducted: 

■ Explosives-contaminated machinery, piping, and metal debris, such as shell 
casings, were treated in one study conducted by WESTON in 1989. 

■ Explosives contained within munitions, such as ship mines, depth bombs, and 
106-mm and 5-inch projectiles, were treated in a second series of tests 
conducted by the Tennessee Valley Authority (TVA) in 1994. 

The results from these studies verified the effectiveness of the HGD process in 
treating explosives-contaminated materials, but indicated that equipment 
enhancements would be required to optimize the process. A map indicating the test 
sites discussed and the technology history is provided as Figure 2-1. 

Based on engineering data gathered during the HWAAP pilot studies, WESTON, 
under contract to USAEC, was requested to supply process equipment designed 
specifically for the decontamination of explosives-contaminated materials 

2 

3 

Final Technical Report, Field Demonstration of the HGD Decontamination System. 
Report No. SFIM-AEC-ET-CR-95011. Prepared by Battelle Pacific Northwest 
Laboratories, Parsons Engineering Science, Inc., and Battelle Columbus Operations. 
February 1995. 

Pilot Plant Testing of Caustic Spray HGD Building Decontamination Process; Task 
Order 5. Report No. AMXTH-TE-CR-87112. Prepared by Arthur D. Little, Inc. 
August 1987. 

4 Task Order 2; Pilot Test of HGD Decontamination of Explosives-Contaminated 
Equipment at Hawthorne Army Ammunition Plant (HWAAP), Hawthorne, Nevada. 
Report No. CETHA-TE-CR-90036. Prepared by Roy F. Weston, Inc. July 1990. 

5 Demonstration Results of HGD Decontamination for Explosives at Hawthorne Army 
Depot. Report No. SFIM-AEC-ET-CR-95031. Prepared by the Tennessee Valley 
Authority Environmental Research Center. September 1995. 
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INTRODUCTION 

by the HGD process. The equipment had to be transportable and easily procured 
through commercial sources. The finished equipment was delivered to the 
Alabama Army Ammunition Plant (ALAAP) for demonstration tests using clean, 
noncontaminated debris, and validation testing using explosives-contaminated 
piping and debris. 

The HGD system equipment, which was delivered to USAEC's ALAAP hot-gas 
site, is shown in Figure 2-2 and consists of four basic elements: the HGD 
decontamination furnace, the induced draft (I.D.) fan, the thermal oxidizer, and the 
system stack. 

The purpose of this Validation Test Report is to document the results of the test 
program that was conducted between 4 January and 15 March 1996 at ALAAP to 
validate the transportable HGD equipment. This report is organized as follows: 

Section 1 
Section 2 
Section 3 
Section 4 
Section 5 
Section 6 
Section 7 
Section 8 
Section 9 
Section 10 
Section 11 

Executive Summary 
Introduction 
Equipment and System Description 
Purpose and Objectives of Validation Testing 
Validation Test Plan 
Equipment Operations During Validation Testing 
Source Emissions Sampling: Analysis and Results 
Air Sampling: Analysis and Results 
Discussion of Validation Test Results 
System Costs 
Conclusions and Recommendations 

The test report appendices, which are presented in Volumes II and III, include: 

■    Appendix A:   Sampling and Analytical Methods Used During Validation 
Testing 

Appendix B:   Validation Test Spiking Logs 

Appendix C:  Post-Treatment Sampling for Explosives 

- Analytical Results for Furnace Runs 1-17 
- Analytical Results for Duplicate Samples Taken During Test Runs 3-15 

Appendix D: Post-Treatment Sampling Explosives Worksheets 

Appendix E: Control Room Logs for Furnace Runs 1-18 

Appendix F: Hourly Datalogs for Furnace Runs 1-18 

Appendix G: Summary of Data Sheets for Test Runs 1-15 

Appendix H: Source Emissions Data Summary Sheets for Test Runs 1-3 
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■ Appendix I:    Source Emissions Laboratory Analytical Data Reports Without 
Raw Data 

■ Appendix J:    Results of Ambient Air Monitoring for Explosives 

■ Appendix K:  Ambient Air Monitoring Results for Asbestos 

■ Appendix L:   NOx Emissions Trends in the Furnace Exit Gases for Test 
Runs 1-15 

To assist the reader in reviewing this document, a list of abbreviations and 
acronyms has been included following the Table of Contents. 
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3. 
EQUIPMENT AND SYSTEM DESCRIPTION 

This section of the test report provides a brief description of the HGD site 
location, details regarding the site layout at ALAAP, and descriptions of the 
transportable HGD equipment that was used to support validation testing. A more 
detailed description of the transportable HGD equipment can be found in the 
system-specific Operations and Maintenance Manual, which WESTON prepared 
for USAEC as part of Contract DACA31-91-E-0079, Delivery Order 12. 

3.1  SITE LOCATION AND LAYOUT 

3.1.1  Site Location 

3.1.2 Site Layout 

ALAAP was selected by USAEC as the site for the demonstration and validation 
testing of the HGD equipment. The ALAAP site is located in central Alabama, in 
Talladega County, 4 miles from Childersburg, and 40 miles southeast of 
Birmingham. ALAAP is located near a junction of the Talladega Creek and the 
Coosa River. Figure 3-1 illustrates the location of ALAAP in Alabama, and 
Figure 3-2 indicates the approximate location of the HGD site at ALAAP. 
Throughout this document, references will be made to the existing remediation 
effort at ALAAP, or references to the Soils Stockpile and Red Water Ditch efforts. 
These areas are located within Area B, which is shown in Figure 3-2. 

Because of an existing remediation effort being conducted at ALAAP at the same 
time validation testing of the HGD system was scheduled, and because explosives- 
contaminated materials would be processed by the HGD equipment during 
validation testing, two factors affected the location of the unit: 

■ The selected HGD site location could not interfere with the existing site 
remediation efforts at ALAAP. 

■ The selected HGD site had to meet quantity-distance requirements associated 
with the storage and use of explosives, as defined by AMC-R-385-100 and 
AR 385-64. 

In accordance with AMC-R-385-100 and AR 385-64, the HGD system equipment 
was located a minimum of 670 feet from any manned location (e.g., control area 
and building) and a minimum of 350 feet from a railroad or active road way. The 
borrow, or main road, indicated in Figure 3-3 is located directly in front of the 
control area and was considered an active roadway. The selected site layout, 
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shown in Figure 3-3, highlights the location of the HGD equipment relative to the 
control area, propane supply tank, and main site access road. The control area and 
main access road to the site were situated 750 feet away from the HGD process 
equipment. 

3.2 SYSTEM AND EQUIPMENT DESCRIPTION 

The HGD process equipment used to complete validation testing was designed, 
specified, and procured by WESTON under contract to USAEC. The HGD equipment 
consists of: 

HGD Furnace. 
Interconnection Duct. 
Induced Draft (I.D.) Fan. 
Thermal Oxidizer. 
24-Foot Stack with 8-Foot Stack Extension. 
Data Logging and Monitoring System. 
Remote Control System. 
Continuous Emissions Monitoring (CEM) System.1 

As discussed in Subsection 3.1.2, the furnace, thermal oxidizer, and CEM system 
equipment were located on a concrete equipment pad located 750 feet from the remote 
control area. A general arrangement drawing showing the placement of the HGD 
equipment on'the equipment pad is provided in Figure 2-2. 

3.2.1  System Description 

The transportable HGD system is a batch process that is controlled and monitored 
remotely from a remote control area. After charging the furnace and securing the 
furnace door, the decontamination process can be started. As illustrated in Figure 
3-4, once the furnace has started, a heated air stream is introduced into the loaded 
furnace chamber. The furnace chamber and explosives-contaminated materials 
contained within the furnace chamber are heated to a target treatment temperature 
that is specified by the operator, but cannot exceed 700 °F.2 Treatment 
temperatures during the validation tests ranged between 300 °F and 600 °F. 
Contaminated exit-gases from the furnace chamber are drawn from the furnace via 
an interconnection duct and directed to a thermal oxidizer by the system I.D. fan. 
The thermal oxidizer is maintained at a minimum temperature of 1,800 °F to 

1 The CEM system was a rental unit. Although integral to system operations, it is not 
part of the system equipment delivered to USAEC as part of Contract DACA 
31-91-D-0079, Delivery Order 10. 

2 The furnace equipment is capable of maintaining treatment temperatures up to 1,200 
°F; however, a 700 °F limit has been imposed on the furnace operating system to 
protect the I.D. fan. 
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ensure complete destruction of the contaminants contained in the furnace exit- 
gases. Treated gases are discharged to the atmosphere via the thermal oxidizer 
stack after a minimum retention time of 2 seconds in the thermal oxidizer. 

A CEM system was used throughout the validation testing to monitor stack and 
furnace exit-gas emissions during processing. Two separate sample probes were used. 
The first was placed in the system exhaust stack to monitor the oxidizer's exit-gas 
stream, the second probe was located in the interconnection duct, between the furnace 
exit and I.D. fan inlet, to monitor nitrous oxides (NO*) and total hydrocarbons (THC) 
contained in the furnace exit-gases. 

3.2.2 Equipment Description 

A brief description of the process equipment, remote control, and data logging and 
monitoring systems that WESTON supplied to USAEC as part of Contract 
DACA31-91-D-0079, Delivery Order 10, is provided in Subsections 3.2.2.1, 
3.2.2.2, and 3.2.2.3. 

3.2.2.1 HGD Furnace 

The HGD furnace was supplied and manufactured by L&L Special Furnace Co., Inc., 
of Aston, Pennsylvania. The furnace is a gas-fired, box-type furnace with integrated 
ceramic-fiber lining. The furnace system includes: 

Furnace Chamber. 
Burner and Gas Train. 
Burner Control System. 
Burner Combustion Air Blower. 
Remote Control Panel. 

All of these components, except for the remote control panel, are skid-mounted for easy 
transportability. The furnace skid is approximately 16 feet long by 8 feet wide. The 
remote control panel is shipped separately and located in a remote control area at least 
670 feet from the process equipment. 

The furnace is heated by a high-velocity, nozzle-mix Eclipse Burner equipped with an 
ultraviolet (UV) sensor and Industrial Risk Insurers (IRI) class gas safety system. The 
pilot and burner flames are monitored by a pilot and flame scanner system. Once all 
system interlocks are confirmed and the pilot flame is established, the main fuel valves 
automatically open and the main flame is lit. The burner flame is acknowledged 
through the flame scanner. Failure to detect a flame signal once operations begin results 
in an automatic shutdown of gas flow to the furnace. 

Fuel flow to the furnace is controlled automatically based on the furnace chamber 
temperature. Combustion air to the burner is set at a fixed rate that maintains excess 
capacity to promote treatment temperatures between 300 °F and 700 °F. The furnace is 
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propane-fired and rated for a total heat release of 1 million British thermal units 
(MMBtu) per hour. 

Although the primary means of furnace monitoring and control is accomplished 
through the remote control panel, a local control panel, mounted on the furnace skid, 
allows the furnace to be started and stopped locally. During treatment of explosives- 
contaminated materials, all system control is accomplished remotely from the remote 
control panels. 

All materials treated by the transportable HGD system equipment must be manually 
loaded and unloaded; however, before loading materials into the furnace, the materials 
are first placed onto racks and weighed. A full load consists of 3,000 pounds (lb) 
contaminated materials containing no more than 1 lb total explosives contamination. A 
total of two racks comprise a complete furnace load. Racks are loaded into the furnace 
using a forklift. 

Because the furnace is manually loaded, the furnace has been equipped with a number 
of safety features, including: 

■ A burner outlet cage. 
■ A kick-out door. 
■ Door switch ZAO-208. 

The protective cage is located inside the furnace, at the top of furnace chamber. Its 
location prevents the placement or stacking of materials directly in front of the burner 
flame, and it prevents materials from being placed in areas that would come in direct 
contact with die burner flame. The kick-out door, which is located within the main 
furnace door, is provided to allow an escape from the furnace should personnel 
accidentally be locked in the furnace. Door switch ZAO-208 is associated with the 
main furnace door and supports an interlock condition that prevents system startup 
unless the switch indicates the furnace door is closed. 

Temperature of the furnace exit-gases is monitored by three separate thermocouples: 
TE-200, TE-201, and TE-202. Thermocouple TE-200 is connected to a temperature 
transmitter (TT-200), which transmits the temperature signal to a Honeywell UDC 
5000 temperature controller (TIC-200). Temperature controller TIC-200 maintains the 
desired furnace temperature by automatically adjusting fuel flow to the burner. 
Thermocouple TE-201 is connected to a Honeywell UDC 2000 high-limh controller 
(TIS-201), which contains a high-temperature switch (TSH-201A) that provides 
independent over-temperature control for the furnace. Thermocouple TE-202 is 
associated with temperature transmitter (TT-202), which transmits the temperature 
signal to a Honeywell DR4500A circular chart recorder (TIR-202) located on the 
furnace remote control panel. 

The temperature of the furnace load during treatment is monitored by five 
thermocouples (TE/TT-203 through TE/TT-207), which are connected to the data 
logging and monitoring system through a jack panel located on the furnace skid. The 
jack panel has room for up to 12 load thermocouples, but only 5 thermocouples and 
their associated transmitters were used to support validation testing. 
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3.2.2.2 Thermal Oxidizer, I.D. Fan, and Stack 

The thermal oxidizer system was furnished by Arrtech Environmental Systems, 
Inc., of Tulsa, Oklahoma. The thermal oxidizer is propane-fired and rated for a 
total heat release of 2.75 MMBtu/hr. The thermal oxidizer system consists of the 
following elements: 

I.D. Fan. 
Thermal Oxidizer Combustion Chamber. 
Burner and Gas Train. 
Air Pre-Mix System. 
24-Foot Exhaust Stack with an 8-Foot Extension. 
Remote Control Panel. 

The thermal oxidizer has a horizontal combustion chamber and is skid-mounted for 
transportability. The thermal oxidizer skid is approximately 29 feet long by 7.5 feet 
wide. The thermal oxidizer was nominally designed to thermally treat approximately 
3,400 pounds per hour (lb/hr) of contaminated furnace exit-gases at a treatment 
temperature of 1,800 °F for a minimum residence time of 2 seconds. The maximum 
capacity of the thermal oxidizer is equal to the maximum capacity of the I.D. fan, 
which is equivalent to 4,758 lb/hr at 70 °F. 

Furnace exit-gases are directed into the oxidizer combustion chamber via the I.D. fan. 
The I.D. fan is a centrifugal-type fan manufactured by Chicago Blower and rated for 
2,250 cubic feet per minute (cfm) at 650 °F. The I.D. fan has been sized to maintain a 
0.5 inch water column (in. w.c.) of negative pressure (draft) to prevent fugitive 
emissions at the furnace and force the furnace exit-gas stream through the thermal 
oxidizer combustion chamber and out the exhaust stack. The I.D. fan inlet is 
interconnected to the furnace chamber via an interconnection duct. 

The oxidizer combustion chamber is constructed of carbon steel and lined with a 
ceramic-fiber refractory blanket. A turbulator is located halfway down the combustion 
chamber length to increase turbulent flow within the combustion chamber. The burner 
assembly consists of a Maxon Air Flow Model LV5 propane gas manifold burner 
with an HG-4 mixer. The pilot and burner flames are monitored by a UV pilot and 
flame scanner system. Once all system interlocks are confirmed and a pilot flame 
is established, the main fuel valves will automatically open and the main burner 
will be ignited. The burner flame is acknowledged through the system flame 
scanner. Failure to detect a flame signal once the main flame has ignited will result 
in an automatic shutdown of gas flow to the thermal oxidizer. 

The Maxon burner is designed to use oxygen from the furnace exit-gas stream for 
combustion; however, in order to maintain excess oxygen levels in the combustion 
zone of the thermal oxidizer at all times, a completely separate combustion air fan 
has been supplied with the thermal oxidizer burner to provide pre-mix air to the 
burner's mixer. Temperature indicating transmitter TIT-131 monitors the 
combustion chamber exit-gas temperature and modulates the fuel flow to the 
oxidizer burner through the fuel gas control valve. 
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The system stack, which is located at the discharge end of the thermal oxidizer, is 
approximately 24 feet high with a 29-inch inside diameter (i.d.). The stack is 
shipped on its side, separate from the thermal oxidizer skid. The stack is outfitted 
with four 4-inch i.d. test ports for emissions sampling and one 4-inch i.d. CEM 
port for continuous emissions monitoring of the HGD system exit-gases. An 8-foot 
stack extension, containing four additional 4-inch i.d. test ports, has been provided 
to allow a full suite of emissions tests to be conducted simultaneously during 
validation test runs 1, 2, and 3. The stack extension is not required for operations, 
but may be required at future sites by permitting requirements. 

3.2.2.3 Remote Control Systems 

The furnace and thermal oxidizer systems each have a local control panel mounted 
on their respective equipment skids, and a remote control panel located in the 
remote control area. All HGD equipment (except the CEM system) can be started 
and stopped either locally or remotely; however, system control can only be 
accomplished from the equipment-specific remote control panels that are located in 
the control area. 

The CEM system that was used to support validation testing at ALAAP was a 
leased unit that had its own self-contained control and monitoring system; 
therefore, the CEM system could be controlled only through its own local control 
system. However, by linking the CEM's monitoring system into the HGD's data 
logging and monitoring system (via a data transmission cable and two RS485 I/O 
cards), the control area operator was able to monitor and log CEM parameters, 
such as NOx and CO levels at the stack, during HGD operations. 

Figure 3-5 illustrates the interconnection points for both control- and monitoring- 
related cables associated with the transportable HGD equipment. 

Figure 3-6 provides the process and instrumentation diagram (P&ID) for the 
transportable HGD equipment. The P&ID, which represents the system overview, 
provides a schematic representative of the following information regarding the 
HGD equipment: 

General Equipment Layout. 
Process Flow and Connections. 
Process Instrumentation. 
Process Alarms. 
System Interlocks. 
Process Parameters Monitored by the Data Logging System. 
Instrument Equipment Tags. 
General Utility Requirements. 
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EQUIPMENT AND SYSTEM DESCRIPTION 

The P&ID will be referred throughout the remaining discussions in Section 3. The 
P&ID is particularly helpful when discussing specific instruments and/or control 
loops associated with the HGD equipment. 

Both furnace and thermal oxidizer systems are equipped with individual 
temperature and burner controls that are located in their respective remote control 
panels. The amount of gas flow to each burner is controlled remotely, by the 
furnace chamber or thermal oxidizer chamber temperature set-points, which are 
resident in the equipment-specific controllers. These temperature set-points are 
operator-determined and may be changed or adjusted, as necessary, during the 
operation of the HGD equipment to support successful decontamination 
operations. 

The I.D. fan is equipped with a remote-controlled, variable-frequency drive 
(VFD), which is located in the thermal oxidizer's remote control panel. The VFD 
allows the operator to vary the speed of the I.D. fan from the remote control area, 
as necessary, to maintain draft through the system. During both the demonstration 
and validation test periods, the HGD system was operated at a draft of 0.5 w.c. 

NOTE: A draft must be maintained to prevent fugitive emissions in the furnace 
and guarantee that all process gases are directed to and treated by the 
thermal oxidizer prior to exiting the exhaust stack.  

3.2.2.4 System Interlocks 

Although each of the HGD equipment controls has been designed to allow for 
independent operation of each piece of equipment, system interlocks have been 
programmed and hard-wired to create interdependency between the system 
equipment, and to prevent startup or continued operation of the HGD equipment 
for either safety or operational reasons. A summary of the HGD system interlocks 
is provided in Table 3-1. 

Table 3-1 is a guideline. It reflects the final, optimized system operating conditions 
used to complete validation testing of the transportable HGD equipment at 
ALAAP. If the same transportable HGD system equipment is used at a different 
site, the values and parameters noted in Table 3-1 could change because of 
permitting requirements, changes in contaminant loading, and/or changes in 
treatment temperatures and system flows. 

3.2.2.5 Continuous Emissions Monitoring System 

The function of the CEM system during validation testing of the transportable 
HGD equipment was to monitor the gaseous emissions leaving the stack, and to 
monitor process exit-gases exiting the HGD furnace during process operations. 
This sampling was accomplished by using two separate sample probes. One probe 
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EQUIPMENT AND SYSTEM DESCRIPTION 

was located at the stack, and the other probe was located at the interconnection 
duct. 

Two completely redundant, fully operational sampling systems were provided to 
ensure continuous monitoring during process operations. The redundant system is 
supplied as an on-line backup to replace the primary system in the event of system 
calibration or analyzer failure. The CEM system was located in its own trailer on 
the equipment pad next to the furnace (see Figure 2-2).. A summary of the 
analyzers supplied with this system and the manufacturer's performance 
specifications for each analyzer is presented in Table 3-2. A summary of the 
sample extraction and conditioning equipment provided with the CEM system is 
presented in Table 3-3. 

Process compounds that were continuously monitored at the stack by the CEM 
system during validation testing were: 

Carbon monoxide. 
Carbon dioxide. 
Oxygen. 
Oxides of nitrogen. 
Total hydrocarbons. 
Sulfur dioxide. 

The process compounds that were continuously monitored at the HGD furnace 
exit duct during validation testing were: 

■ Total hydrocarbons. 
■ Oxides of nitrogen. 

3.2.2.6 Data Logging and Monitoring System 

To allow for data acquisition and monitoring capabilities during process 
operations, WESTON designed the HGD system's data logging and monitoring 
system around a PC-based, RS-485 communications network using commercially 
available components. As shown in Figure 3-7, a data transmission cable daisy- 
chains between the RS-485 I/O communication interface cards in the control area 
PC and the RS-485 I/O modules located at the CEM and at each of the local and 
equipment remote control panels. 

The data logging and monitoring system was provided with the HGD system 
equipment to perform the following functions: 

■ Log critical HGD operating parameters (on a regular basis during system 
operations) for future use and data reduction. 

■ Provide real-time, on-screen monitoring of process critical operating 
parameters for use by the control area operators. 
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HGD Validation Test Report 

EQUIPMENT AND SYSTEM DESCRIPTION 

■ Provide real-time, on-screen trending of process critical operating parameters 
for use by the control area operators. 

The data acquisition and monitoring system (data logger) used to support 
validation testing is a Windows-based, icon-driven data acquisition and control 
software program called GENIE, which was supplied by American Advantech 
Corporation of Sunnyvale, California. GENIE was configured by WESTON to 
support the data logging and monitoring3 needs of the transportable HGD system. 
Customized displays that mimic actual HGD equipment profiles were used to 
support real-time trending and monitoring of process operating parameters. These 
screens also were designed and programmed by WESTON. 

As noted previously, the CEM system has its own independent, self-contained data 
acquisition and control system. Unfortunately, that system does not allow the 
remote control area operators to monitor CEM-related process parameters. To 
solve this problem, two RS485 I/O cards were installed in the CEM's control 
system. These cards allowed the transfer of CEM data to the HGD data logging 
and monitoring system. CEM-related parameters that are logged and monitored by 
the HGD data logger include: 

Nitrous oxides, NOx (AIT-414 at the interconnection duct). 
Total hydrocarbons, THC (AIT-413 at the interconnection duct). 
Carbon dioxide, C02 (AIT-402A). 
Carbon monoxide, CO (AIT-401A). 
Oxygen, 02 (AIT-400A). 
Nitrous oxides, NOX(AIT-404). 
Sulfur dioxide, S02 (AIT-405). 
Total hydrocarbons, THC (AIT-403). 

These parameters were also logged by the CEM's data logging system. 

HGD furnace operating parameters that were logged and monitored by the HGD 
data logger include: 

■ Furnace Chamber Thermocouples #1 through #5, TT-203 through TT- 207. 
■ Furnace Temperature Control, TT-200. 
■ Furnace Temperature Recorder, TT-202. 
■ Furnace Exit-Gas Temperature, TE-100. 

3 GENIE can also be configured to control, as well as monitor, HGD process operating 
parameters. The GENIE program was not configured to control the HGD system 
equipment because this function was already being done by the equipment-specific 
control panels located in the remote control area. 

4 TE-100 was removed from the furnace exit-gas location during the validation test 
period and relocated to the I.D. fan inlet. By moving the temperature element 
location, an equipment-specific interlock designed to protect the I.D. fan from 
excessive heat from the furnace was added to the control system. Temperature control 
thermocouple TT-200 was relocated to the furnace exit duct location formerly 
occupied by TE-100. 
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HGD Validation Test Report 

EQUIPMENT AND SYSTEM DESCRIPTION 

Furnace Exit-Gas Flow, FIT-149. 
Combustion Air Flow, FT-221. 
Fuel Gas Pressure, PT-232. 
Combustion Air Pressure, PT-222. 
Fuel Gas Flow, FT-231. 
Furnace Chamber Draft Pressure, PT-158. 

Thermal oxidizer-related parameters monitored and logged by the HGD data 
logger system include: 

Fuel Flow, FIT-121. 
Fuel Pressure, PIT-133. 
I.D. Fan Discharge Pressure, PIT-151. 
Combustion Chamber High Limit Temperature, TIT-145. 
Combustion Chamber Temperature Control, TIT-131. 

Real-time trending allows the operator to monitor specific process parameters 
during system operations as they occur. Because the data are presented in a 
graphical form, the operator is often able to anticipate system upsets before they 
occur. If done correctly, trending can also enhance the operator's understanding of 
the relationship of certain system operating behaviors, such as the relationship 
between furnace NOx emissions and treatment temperature. Real-time trending 
was programmed for the following parameters: 

At the Interconnection Duct: 

■ Nitrous oxides, AIT-414. 
■ Total hydrocarbons, AIT-413. 

At the Stack Exit: 

Carbon dioxide, AIT-402A. 
Carbon monoxide, AIT-401A. 
Oxygen, AIT-400. 
Nitrous oxides, AIT-404. 
Sulfur dioxide, AIT-405. 
Total hydrocarbons, AIT-403. 

At the Furnace and Thermal Oxidizer: 

■ Thermocouples #1 through #5, TIT-203 through TIT-207. 
■ Furnace Exit Temperature, TIT-201. 
■ Furnace Control Temperature, TIT-202. 
■ Combustion Chamber Temperature, TIT-145. 
■ Combustion Chamber Temperature (Control), TIT-131. 
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HGD Validation Test Report 

EQUIPMENT AND SYSTEM DESCRIPTION 

3.2.2.7 System Utilities 

Electrical Power 

As a minimum, the following utilities are required to support HGD system 
operations: 

■ Electrical power. 
■ Fuel. 
■ Telephone service. 
■ Water supply (optional). 

Details regarding these items are presented in the following paragraphs. 

A 75-kVA service supplied 480VAC, 3-phase, 60-hertz, 90-amp service to the 
main distribution panel at the HGD site. That service was further broken into a 
service for the control area and a service for the HGD equipment pad. Service to 
the equipment pad was broken down as follows: 

■ Furnace: 480VAC/3-phase/60-hertz/10-amp service. 
■ Thermal Oxidizer: 480VAC/3-phase/60-hertz/30-amp service. 
■ CEM System: 480VAC/l-phase/60-hertz. 

Service to the control area and site lighting was supplied as indicated: 

■ Site Lighting: 480VAC/l-phase/60-hertz. 
■ Remote Control Area: 240VAC/l-phase/60-hertz (37.5 kVA). 

The 240VAC service to the control area is fed through a 220/120VAC 
transformer that supplies 120VAC power for computers, battery charges, etc. 

Eight-hundred-foot-long power cables were used to connect between the main 
transformer and the remote services located on or near the equipment pad. These 
cables were purchased for the project and were transferred with the HGD system 
equipment when the HGD equipment was demobilized from ALAAP. 

A battery backup unit or uninterruptible power supply (UPS) was located in the 
remote control area to provide approximately 20 minutes of power-loss protection 
to the data logger and remote control panels during brownouts, blackouts, and 
temporary localized power failures. The UPS contains an automatic load transfer 
switch that provides power from DC batteries when line voltage fails. Once line 
power is restored, the UPS will automatically revert to battery charging mode 
(standby). The battery charger automatically cuts off charge to the batteries when 
the batteries are fully charged. The UPS also provided voltage regulation to 
protect the data logging and monitoring equipment from electrical surges. 
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EQUIPMENT AND SYSTEM DESCRIPTION 

Propane 

A propane delivery system, which is illustrated in Figure 3-8, was installed at the 
HGD site to support the HGD furnace and thermal oxidizer fuel requirements. The 
propane delivery system was leased from a local propane supplier and included the 
following major equipment items: 

■ One 18,000-gallon water capacity propane storage tank. 
■ One propane transport loading station. 

To comply with National Fire Protection Association (NFPA) guidelines, the 
propane tank was located at least 100 feet from the HGD process equipment (see 
Figure 3-3). 

Liquid propane was delivered to the site and stored in the propane tank. 
Vaporization of the liquid propane into a gaseous state was provided by the 
natural evaporation that occurred within the tank. The natural evaporation creates 
a head pressure in the tank that served as the supply pressure for the propane gas 
to the furnace and thermal oxidizer. The outlet pressure at the tank was regulated 
to 24 pounds per square inch gauge (psig), which, after pressure losses in the 
piping, provided 20 psig to the furnace and thermal oxidizer. The pressure was 
then reduced individually at the furnace and thermal oxidizer fuel trains by each 
system's main gas-reducing regulators. The furnace's main gas-reducing regulator 
(PCV-236) was set for 22 in. w.c. The thermal oxidizer's main gas-reducing 
regulator (PCV-119) was set for 5.0 psig. 

Telephone Service 

Telephone service to the site was required to support project communications and 
site safety. Telephone service lines were installed at the HGD site at the same time 
the site electricity was installed. Actual installation of the telephone service was 
completed by the local phone company. Five telephone lines were installed, but 
only three lines were actually placed in-service. One of the three lines was used for 
the site fax machine. 

Water Supply 

A water supply was not required for process operations. To support validation 
testing, water was transported to the HGD site via tanker truck. Water was used 
for general site cleanup and dust control. 

Rain runoff that collected in the equipment pad sump was pumped into a 
temporary holding tank located on the equipment pad. The holding tank was 
periodically emptied and the contents treated by the wastewater treatment plant 
associated with the ALAAP remediation effort. Sites that have a storm runoff or 
sewer system in place would not require the holding tank arrangement. 
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EQUIPMENT AND SYSTEM DESCRIPTION 

Miscellaneous Utilities Support 

In addition to electric, telephone, water, and fuel, services such as rental of a 
portable toilet unit, garbage pickup, and delivery of drinking water were required 
to support the HGD system operations. These services were procured from local 
vendors on a monthly basis. 
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HGD Validation Test Report 

4. 
PURPOSE AND OBJECTIVES OF 

VALIDATION TESTING 

Although the pilot-scale studies contracted by USAEC have shown the HGD 
process to be effective in treating explosives- and agent-contaminated materials, 
potential users still have questions regarding the technology. Of primary concern 
are the following: 

■ Is the technology ready for full-scale application? 
■ Can processing times be reduced? 
■ What are the costs associated with full-scale application? 

To address these concerns, USAEC contracted WESTON to conduct validation 
testing of the transportable HGD equipment that had recently been demonstrated 
at ALAAP in December 1995. The objectives of the validation tests were as 
follows: 

■ Determine the effectiveness (or destruction and removal efficiency [DRE]) of 
the HGD process on various explosives-contaminated materials, including 
metal, clay, and concrete that had been spiked with TNT, RDX, and tetryl. 

■ Determine the time/temperature relationships for the decontamination of 
TNT, RDX, and tetryl from metal, clay, and concrete surfaces. 

■ Determine the effectiveness of the HGD process on explosives-contaminated 
debris and piping that had been excavated from another remediation effort at 
ALAAP. 

■ Define the optimum process conditions required for the complete destruction 
and removal of TNT, RDX, and tetryl and their breakdown compounds. 

■ Gather gas emissions data from the HGD process to support future permitting 
of the process and equipment. 

■ Verify the occurrence of the increased NOx activity during processing and, if 
possible, identify the relationship between NOx in the system exit-gases and 
decontamination activities in the furnace. 

■ Define the effect of the HGD process on asbestos-containing materials such as 
transite siding or pipe insulation. 
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PURPOSE AND OBJECTIVES OF VALIDATION TESTING 

Starting with these objectives, a comprehensive test plan1 was developed to meet 
the treatability study requirements contained in Sections 335-14-2-.01(4)(e) and 
335-14-2-.01(4)(f), Division 14 of the Alabama Department of Environmental 
Management (ADEM) Administrative Code. The Treatability Study Test Plan 
described all HGD system testing at ALAAP; therefore, details regarding both the 
demonstration and validation test programs were included in the approval 
document. 

The completed test plan was reviewed and approved by both USAEC and ADEM. 
Permission to conduct the treatability study was received from ADEM in a letter 
dated 21 August 1995. A successful demonstration test program and a series of 
equipment modifications to improve HGD system operability were completed in 
December 1995. The validation test program was begun on 4 January 1996. The 
approved Treatability Study Test Plan established the following criteria for 
successful validation testing: 

■ Identification of a range of temperatures and soak times indicating that the 
HGD process can successfully decontaminate explosives-contaminated piping 
and debris. 

■ Successful decontamination is demonstrated when post-treatment analysis of 
treated piping and debris indicates explosives in quantities below detection 
limits. 

■ Analytical results from stack testing indicate the thermal oxidizer has 
successfully destroyed (less than detection limits) any explosives compounds 
that might be contained in the HGD system exit-gas stream as a result of the 
HGD treatment process. 

1 Draft Treatability Study Test Plan for the Evaluation of a Transportable Hot Gas 
Decontamination System for the Decontamination of Explosives-Contaminated Piping 
and Debris. Revision 2. Prepared by Roy F. Weston, Inc. January 1996. 
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5. 
VALIDATION TEST PLAN 

This section presents an overview of the Validation Test Plan, which was included 
in Revision 2 of the Treatability Study Test Plan, dated January 1996, and 
approved by both the Alabama Department of Environmental Management and 
USAEC. This section will also provide details regarding the test materials used 
during processing, spike mixtures, sampling methods used to support pre- and 
post-treatment testing, treatment criteria, and deviations from the test plan. 

5.1  VALIDATION TEST PLAN 

Since the demonstration test of the HGD had successfully optimized HGD 
equipment operations, the mission of the validation test program was simplified 
and the test objectives can be summarized as follows: 

■ Demonstrate the effectiveness of the transportable HGD system on TNT, 
RDX, and tetryl. 

■ Determine optimum operating conditions for the successful decontamination 
of TNT, RDX, and tetryl by the HGD system. 

■ Collect emissions data to support future permitting. 

The validation test program is defined by a series of 18 validation test runs (1 
through 15, 16A, 16B, and 16C), as illustrated by the test matrix presented in 
Table 5-1. As noted in Table 5-1, test run treatment temperatures ranged from 
300 °F to 600 °F, and furnace soak times ranged from 0 to 12 hours, depending on 
the test run. A furnace ramp rate of 50 °F/hour was used for the first three test 
runs, but was steadily increased as the test program progressed to rates of 
300 °F/hour. 

All validation test runs were limited to a total maximum load of 3,000 lb of 
contaminated materials containing no more than 1 lb total explosives. A 
combination of contaminated piping and debris and clean spiked piping and block 
was loaded into the HGD furnace for most test runs. For test runs 1, 2, and 3, only 
clean piping and concrete block spiked with either TNT, RDX, or tetryl was 
placed in the HGD furnace for treatment. For test runs 4 through 15, a 
combination of contaminated debris from ALAAP (noted by a "(D)" in Table 5-1) 
and spiked piping and block was placed in each furnace run. For test runs 16A, 
16B, and 16C, 3,000 lb of contaminated debris and spiked piping and block were 
placed in the furnace for treatment; however, only one type of explosives spike 
was used per test run. Test run 16A treated 1 lb TNT, 16B treated 1 lb tetryl, and 
16C treated lib RDX. 
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Table 5-1 

Validation Test Matrix 

VALIDATION TEST PLAN 

Treatment 
Temperature 

300 °F 400 °F 500 °F 550 °F 600 °F 

No Soak Tests 9 (D), 16A, 16B, 16C 

1-hour Soak Test 12 (D) Test 11(D) Test 13 (D) Test 10 (D) Tests 7 (D), 14 (D), 15 (D) 

2-hour Soak Test 8 (D) Test 6 (D) 

4-hour Soak Test 3 (E) Test 5 (D) 

6-hour Soak Test 2 (E) Test 4 (D) 

12-hour Soak Test 1 (E) 

(D) Indicates contaminated debris was also treated in addition to spiked test plates. 

(E) Indicates furnace discharge gas and stack emissions testing was conducted during these test runs. 

Furnace ramp rates to treatment temperatures varied from 50 °F/hour for test runs 1, 2, and 3 to 300 °F/hr for test 
runs 16A, 16B, and 16C. 
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VALIDATION TEST PLAN 

Nine test specimens and five furnace wall plates were spiked as noted in Table 5-2 
and placed inside the furnace for each validation test run. The nine test specimens 
included three steel test plates, three clay saucers, and three 3" x 3" pieces of 
concrete block. The five furnace wall plates were used to verify that even 
decontamination occurred throughout the furnace chamber during processing. 
Four of the furnace wall plates are located on the furnace side walls (two each 
side), and one wall plate is located on the inside furnace door. Unlike the nine test 
specimens, all 5 wall plates were spiked with the same explosives-spike mixture 
for a given test run. For example, wall plates were spiked with TNT during test 1, 
RDX during test 2, tetryl during test 3, TNT during test 4, etc. This pattern was 
continued through and including validation test run 16C. Additional details 
regarding furnace loading and spiking practices during the validation test program 
are provided in Subsections 5.2 and 5.3. Changes to spiking procedures from the 
approved plan are discussed in Subsection 5.5.4. 

Table 5-2 , 

Typical Spiked Load 

Spike Explosives 

Test Specimens and Wall TNT RDX Tetryl 
Plates 

Steel (3 total) 1 1 

Clay (3 total) 1 1 

Concrete Block (3 total) 1 1 

Furnace Wall Plates (5 total) 

Left front 

Left back 

Right front 

Right back 

Furnace door 

Confirmatory sampling and analysis was conducted both before and after each 
validation test run. Pre-treatment sampling was performed to verify that furnace 
test plates and specimens were free of contamination prior to spiking and to 
confirm that the contaminated debris was indeed contaminated. Post-treatment 
sampling was performed to verify decontamination and identify breakdown 
compounds, if any, that remained on both the spiked and contaminated materials. 

Because one of the objectives of this test program was to define optimum 
treatment conditions, the results of post-treatment analysis were used to determine 
the operating conditions for the next validation test run, as illustrated by the 
decision tree provided in Figure 5-1. Additional details regarding the sampling are 
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provided in Subsection 5.4. By keeping track of the successes and failures over the 
life of the validation test runs, WESTON was able to determine a 
time/temperature relationship associated with the decontamination of TNT-, 
RDX-, and tetryl-contaminated materials. The results of these tests are discussed 
in detail in Section 9 of this Validation Test Report. 

To support future operations and permitting efforts associated with the HGD 
system, a rigorous emissions testing program was conducted during test runs 1, 2, 
and 3, as noted by the "(E)" in Table 5-1. During test runs 1, 2, and 3, the HGD 
process emissions were sampled for: 

Carbon monoxide (CO). 
Carbon dioxide (C02). 
Oxygen. 
Total hydrocarbons (THC). 
Nitrous oxides (NOx). 
Sulfur dioxide (S02). 
Particulates. 
Explosives: 

- 2,4,6-trinitrotoluene (2,4,6-TNT). 
- Hexahydro-l,3,5-trinitro-s-triazine (RDX). 
- 1,3-Dinitrobenzene (1,3-DNB). 
- 2,4-Dinitrotoluene (2,4-DNT). 
- 2,6-Dinitrotoluene (2,6-DNT). 
- 2,4,6-Trinitrophenylmethylnitramine (tetryl). 
- Octahydro-1,3,5,7 tetranitro-l,3,5,7-tetrazocine (HMX). 

Nitrobenzene (NB). 
- 1,3,5-Trinitrobenzene (1,3,5-TNB). 

Volatile organic compounds (VOCs). 
Semivolatile organic compounds (SVOCs). 
Metals. 
Hexavalent chromium (Cr+). 
Hydrochloric acid (HC1). 
Chlorine gas (Cl2). 
Dioxins/furans. 

In addition to the emissions sampling conducted at the stack, explosives, NOx, 
THC, C02, and 02 samples were taken at the thermal oxidizer's inlet. When used 
in combination with the data from the stack, the destruction and removal efficiency 
(DRE) of the thermal oxidizer can be calculated. 

DRE is a measurement of the ability of the thermal oxidizer to destroy the 
explosives contamination contained in the furnace exit-gases. In previous HGD 
studies, determining the oxidizer DRE has proven difficult because of the inability 
to continuously sample oxidizer influent and effluent streams during a complete 
test run, and the inherent shortcomings of the DRE calculation (i.e., if detectable 
levels of explosives are not present in the samples, the detection limits of the 
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analysis are used in the DRE calculation). The results of the emissions testing and 
DRE calculation are discussed in detail in Section 7 of this Validation Test 
Report. 

In addition to emissions testing conducted during validation test runs 1, 2, and 3, 
continuous emissions monitoring of the stack gases was conducted during all test 
runs. The CEM system used to complete this monitoring was an extractive-type 
system located on the equipment pad, next to the HGD furnace. To support 
sampling at both the stack and interconnection duct, two separate probes were 
used. The first probe was located in the system stack and monitored C02, CO, 
THC, NOx, S02, and 02. The second probe was placed in the interconnection duct 
between the furnace exit and thermal oxidizer inlet to monitor THC and NOx. The 
results of the CEM monitoring are discussed in Section 7 of this Validation Test 
Report. 

Results from the HGD study Conducted at Hawthorne Army Ammunition Plant 
(HWAAP) in 1990 indicated short duration NOx spikes at the system stack during 
processing of explosives-contaminated materials. The explosives treated at 
HWAAP were nitrogen based; therefore, it was suspected that if the phenomenon 
were repeatable, then perhaps NOx levels in the process exit-gases could be used 
as an indicator of complete explosives decontamination within the furnace. Thus, a 
final objective of this validation test program was to monitor the NOx levels in the 
furnace exit-gases to verify that the NOx activity observed at HWAAP was real, 
and secondly to define, if possible, the relationship between NOx levels in the 
process exit-gases and decontamination of the materials contained in the HGD 
furnace. To support this effort, NOx readings detected by the second CEM probe 
were forwarded to the HGD system data logger for monitoring and trending. The 
observations made regarding NOx as a result of this probe are discussed in both 
Sections 7 and 9 of this Validation Test Report. 

5.2 VALIDATION TEST MATERIALS 

Contaminated debris and clean materials that would be used to support testing 
were stored in designated areas on the HGD equipment pad, as indicated in Figure 
2-2. As materials were used, site personnel moved the materials both by hand and 
forklift in accordance with the handling procedures provided in Appendix R of the 
Site Health and Safety Plan.1 

Contaminated materials that were loaded into the HGD furnace for processing 
during validation testing included the following: 

■     Clean metal piping of various diameters and three metal test plates spiked with 
TNT, RDX, ortetryl. 

l Final Site Safety and Health Plan (SSHP) for Evaluation of a Transportable Hot-Gas 
Decontamination System for Decontamination of Excavated Explosives-Contaminated 
Piping. Prepared by Roy F. Weston, Inc. Revision 3. January 1996. 
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■ Clean clay piping of various diameters and three clay saucers spiked with 
TNT, RDX, or tetryl. 

■ Clean concrete block and three block saucers spiked with TNT, RDX, or 
tetryl. 

■ Five clean metal furnace test plates spiked with either TNT, RDX, or tetryl. 

■ Contaminated piping and debris from the Soils Stockpile and Red Water Ditch 
areas of ALAAP. 

■ Pieces of transite siding taken from the Soils Stockpile Area of ALAAP (Test 
17C only). 

Because of hearth limitations in the furnace chamber, all validation test runs were 
limited to a total load of 3,000 lb contaminated materials, containing no more than 
1 lb of total explosives contamination. In addition, the total amount of hazardous 
waste that could be treated during the validation test program was 11,023 lb, in 
accordance with the requirements of ADEM Administrative Code, Division 14, 
Chapter 335-14-2.01(4)(e) and (4)(f), dated 5 January 1995. These requirements 
state: 

"the quantity of as received hazardous waste stored at the facility for the purpose of 
evaluation in treatability studies does not exceed 5,000 kg (11,023 lbs), the total of 
which can include 5,000 kg of media contaminated with non-acute hazardous waste, 
2,500 kg (5,511 lbs) of media contaminated with acute hazardous waste, 1,000 kg 
(2,204 lbs) of non-acute hazardous wastes other than contaminated media, and 1 kg of 
acute hazardous waste." 

Consequently, no more than 11,023 lb of contaminated debris from the Soils 
Stockpile or Red Water Ditch Areas of the ALAAP was treated by the HGD 
process during the term of the validation test program. All materials taken from 
the ALAAP remediation had been prescreened for the presence of explosives. 
Sampling of these materials, by the ALAAP remediation effort, had indicated the 
debris could be contaminated with the following compounds: 

■ 2,4,6-DNT ■ 1,3-DNB 
■ 2,4-DNT ■ Lead 
■ 2,6-DNT ■ Tetryl 
■ 1,3,5-TNB 

Since contamination was certain but not assured, WESTON performed pre- 
screening of the contaminated debris prior to placing it in the HGD furnace for 
processing. Prescreening procedures included taking a minimum of three wipe 
samples from randomly selected debris in accordance with the EPA wipe sampling 
technique. The three wipes were then composited and analyzed in accordance with 
Modified Method 8330 for explosives. The results of these wipe samples are 
discussed in Section 9 of this Validation Test Report. 

Once contaminated debris was identified for treatment, the contaminated debris 
and piping were loaded into test racks, weighed, and then placed into the furnace 
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for treatment in accordance with the loading procedure provided as Exhibit 5-1 
(located at the end of this section). 

As noted earlier, only clean piping (metal and clay), concrete block, and test 
specimens and furnace wall plates spiked with known quantities of TNT, RDX, 
and tetryl were placed in the HGD furnace for test runs 1, 2, and 3. This 
procedure was followed for tests 1, 2, and 3 in order to process a known amount 
of explosives through the HGD system during emissions testing. This value would 
be used to support DRE calculations. 

After completing emissions sampling, test runs 4 through 15 processed a 
combination of contaminated debris (noted by a "(D)" on Table 5-1), spiked metal 
and clay test specimens, spiked concrete block, spiked furnace wall plates, and 
clean piping and block. During the last three test runs (16A, 16B, and 16C), only 
clean materials spiked with 1 lb of either TNT, RDX, or tetryl was placed in the 
HGD furnace for treatment. These test runs were conducted to see if a distinctive 
set of NOx peaks could be associated with each explosive type treated. Test 16A 
treated only TNT; 16B, only tetryl; and 16C, only RDX. 

5.3 EXPLOSIVES SPIKING 

To support explosives spiking throughout the validation test program, WESTON 
procured TNT, RDX, and tetryl from an explosives supply house. All spike 
explosives were stored in an explosives-storage box rated for up to 50 lb 
explosives. Two storages boxes were purchased so that TNT and tetryl could be 
stored separately from the RDX. The explosives-storage boxes were located 
approximately 150 feet from the HGD equipment pad and approximately 400 feet 
from the remote control area as indicated in Figure 3-3. The siting of the storage 
boxes took into consideration Hazard Analysis concerns and the quantity distance 
requirements found in Army Materiel Command regulation AMC-R-385-100 and 
Army Regulation (AR) 385-64. 

TNT, RDX, and tetryl-spiked test plates and specimens were treated in all test 
runs, except test runs 16A, 16B, and 16C when only one of the explosives types 
was treated. Although different explosives were treated in the same test runs, 
explosives were never mixed together or placed on the same test plate or specimen. 
No explosives spiking was conducted during furnace run 17C, when only 
asbestos-containing transite siding was processed by the HGD furnace. 

For all the validation test runs, five furnace wall plates and 9 specimens were 
spiked as noted in Table 5-2 and in accordance with the spiking procedure 
provided in Exhibit 5-2 (provided at the end of this section). All spiking activities 
(including mixing spike) were conducted outdoors, in a designated area, adjacent 
to the HGD furnace. Three separate explosives-spike mixtures were prepared. A 
spike mixture consisted of the explosive plus acetone. Just enough acetone was 
added to allow easy handling to avoid cross-contamination of the explosives 
spikes. Each spike mixture was maintained separately and applied separately to 
the wall plates and specimens. Because acetone was used to prepare the 
explosives-spike mixtures, all mixtures were prepared just prior to the actual 
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spiking operation to prevent the mixture from drying prior to application. All test 
plates had been confirmed clean prior to spiking. Refer to Subsection 5.5.4. 

After all wall plates and specimens had been spiked, the test specimens were 
randomly placed throughout the furnace load. Clay saucers were placed inside 
clay pipe, metal test plates were placed inside metal pipe, and the block specimens 
were placed with the other block. The five furnace wall plates were placed in each 
wall plate receptacle located on the side walls and door of the furnace chamber. A 
listing of the quantity of spike and contaminated debris that was placed in each 
validation test run is presented in Table 5-3. After loading the furnace, material 
load thermocouples TE-203, TE-204, TE-205, TE-206, and TE-207 were placed 
throughout the load, as noted in Figure 5-2, to monitor the temperature of the load 
during processing. Once the thermocouples were attached to their respective 
locations, the furnace door was secured, the HGD equipment pad cleared of all 
personnel, and the HGD system started. The average of these five thermocouples 
was used to determine when the furnace chamber had reached treatment 
temperature. 

5.4 TREATMENT CRITERIA 

Following a completed test run, materials were left in the furnace chamber to cool. 
Once the materials had cooled, the furnace door was opened and post-treatment 
sampling began to sample for residual explosives concentrations on the treated test 
materials. All post-treatment sampling was conducted using a combination of 
wipes and solid samples to confirm the effectiveness of the selected treatment 
temperature and soak time. All samples were analyzed for the explosives listed 
below in accordance with modified Method 8330: 

2,4,6-trinitrotoluene (2,4,6-TNT). 
Hexahydro-l,3,5-trinitro-s-triazine(RDX). 
1,3-Dinitrobenzene (1,3-DNB). 
2,4-Dinitrotoluene (2,4-DNT). 
2,6-Dinitrotoluene (2,6-DNT). 
2,4,6-Trimtrophenylmemylmtramine(tetryl). 
Octahydro-1,3,5,7 tetranitro-l,3,5,7-tetrazocine (HMX). 
Nitrobenzene (NB). 
1,3,5-Trinitrobenzene (1,3,5-TNB). 

Wipe samples were taken from all furnace wall plates, and all block, clay, and 
steel test specimens. In addition to wipe samples concrete block and clay 
specimens were also crushed and ground into powder. The powder was then 
analyzed for explosives in accordance with Method 8330. 

For contaminated debris, wipe samples were taken from three randomly selected 
metal surfaces. The three wipes were then composited and analyzed in accordance 
with Method 8330. For debris, three randomly selected pieces were taken, crushed, 
composited, and analyzed for explosives in accordance with Method 8330. 
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Table 5-3 

Quantity and Type of Wastes Treated During the HGD Treatability Study 

Date Validation 
Test 

Number 

Type of Wastes Quantity of Spike 
Placed in Furnace 

for Treatment 

Quantity of Explosives- 
Contaminated Piping and 
Debris Placed in Furnace 

for Treatment 

31 January 1996 1 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.29 lb TNT 
O.lOlbtetryl 
0.121bRDX 

NA 

2 February 1996 2 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.10 lb TNT 
0.17 lb tetryl 
0.40 lb RDX 

NA 

3 February 1996 3 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.10 lb TNT 
0.34 lb tetryl 
0.13 lb RDX 

NA 

6-7 February 
1996 

4 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.20 lb TNT 
0.07 lb tetryl 
0.07 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

490 lb steel 
365 lb rock 
855 lb total 

8 February 1996 5 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.07 lb TNT 
0.08 lb tetryl 
0.18 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

477 lb steel 
367 lb rock 
844 lb total 

12 February 
1996 

6 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.07 lb TNT 
0.18 lb tetryl 
0.06 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

445 lb steel 
367 lb rock 
812 lb total 
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Table 5-3 

Quantity and Type of Wastes Treated During the HGD Treatability Study 
(Continued) 

Date Validation 
Test 

Number 

Type of Wastes Quantity of Spike 
Placed in Furnace 

for Treatment 

Quantity of Explosives- 
Contaminated Piping and 
Debris Placed in Furnace 

for Treatment 

13 February 
1996 

7 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.18 lb TNT 
0.07 lb tetryl 
0.08 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

440 lb steel 
367 lb rock 
807 lb total 

15 February 
1996 

8 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.06 lb TNT 
0.07 lb tetryl 
0.17 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

424 lb steel 
367 lb rock 
791 lb total 

19 February 
1996 

9 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.07 lb TNT 
0.21 lb tetryl 
0.12 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

467 lb steel 
367 lb rock 
834 lb total 

20 February 
1996 

10 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.18 lb TNT 
0.07 lb tetryl 
0.06 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

400 lb steel 
367 lb rock 
767 lb total 

22 February 
1996 

11 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.05 lb TNT 
0.06 lb tetryl 
0.21 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

433 lb steel 
367 lb rock 
00 lb total 
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Table 5-3 

Quantity and Type of Wastes Treated During the HGD Treatability Study 
(Continued) 

Date Validation 
Test 

Number 

Type of Wastes Quantity of Spike 
Placed in Furnace 

for Treatment 

Quantity of Explosives- 
Contaminated Piping and 
Debris Placed in Furnace 

for Treatment 

26 February 
1996 

12 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.08 lb TNT 
0.161btetryl 
0.07 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

436 lb steel 
367 lb rock 
803 lb total 

26 February 
1996 

13 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.18 lb TNT 
0.08 lb tetryl 
0.07 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

409 lb steel 
367 lb rock 
76 lb total 

27 February 
1996 

14 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.09 lb TNT 
0.09 lb tetryl 
0.22 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

394 lb steel 
367 lb rock 
761 lb total 

1 March 1996 15 Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.06 lb TNT 
0.17 lb tetryl 
0.09 lb RDX 

NA 

Contaminated Piping & 
Debris NA 

363 lb steel 
367 lb rock 
30 lb total 

6 March 1996 16-A Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.21 lb TNT NA 

6 March 1996 16-B Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.24 lb tetryl NA 
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Table 5-3 

Quantity and Type of Wastes Treated During the HGD Treatability Study 
(Continued) 

Date Validation 
Test 

Number 

Type of Wastes Quantity of Spike 
Placed in Furnace 

for Treatment 

Quantity of Explosives- 
Contaminated Piping and 
Debris Placed in Furnace 

for Treatment 

7 March 1996 16-C Clean Spiked Metal Pipe 
Clean Spiked Clay Pipe 
Clean Spiked Cinder 
Block 

0.21 lb RDX 
NA 

7 March 1996 16-D Clean Metal Pipe 
Clean Clay Pipe 
Clean Cinder Block 

01b TNT 
0 lb tetryl 
OlbRDX 

NA 

8 March 1996 17-A NA 0.677 lb TNT 708 lb rockb 

8 March 1996 17-B NA 0.654 lb tetryf 708 lb rock0 

794 lb steelb 

11 March 1996 17-C NA 1.126 lb RDX3 

1 lb transite siding6 
708 lb rockd 

794 lb steeld 

"This weight includes the weight of acetone used to mix explosives paste. 
b Materials from Tests 11 and 15 that were retreated to destroy small traces of residual explosives 

contamination. 
0 Contents remained in furnace from Test 17-A. 
d Contents remained in furnace from Test 17-B. 
e Transite siding was taken from the ALAAP remediation site contaminated debris stockpile. It is assumed 

to have been contaminated. The transite siding was not spiked. 
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Once the post-treatment analytical results became available, the data were 
examined to identify success or failure. Initially, a test run was considered 
successful if at least 99.99% removal of the spike compounds was achieved for 
each test plate or specimen; however, as testing progressed, it became obvious that 
more stringent criteria would be required to optimize treatment conditions. 
Therefore, WESTON established a three-tier acceptance criteria to determine the 
effectiveness of the HGD process. 

■ Acceptance Level 1: Post-treatment analysis indicates 99.999% or better 
removal of spike explosives from the test plate or specimen. 

■ Acceptance Level 2: Post-treatment results indicate the removal of all spike 
explosives, regardless of removal efficiency. The presence of either TNT, 
RDX, or tetryl would fail a test plate or specimen. 

Note: A sample that passed Level 1 could fail this acceptance level because 
of trace quantities of spike explosives.  

■    Acceptance Level 3: Post-treatment results cannot indicate traces of either 
the spike explosive or explosives-breakdown compounds. 

This criterion is the toughest to meet. Specimens that pass Levels 1 or 2 could 
fail this acceptance level because of trace levels of explosives-breakdown 
compounds, such as 1,3-DNT. 

By using the three-level acceptance approach, it was possible to determine a time/ 
temperature relationship associated with the decontamination of TNT-, RDX-, and 
tetryl-contaminated materials. For a complete discussion of the test results, refer to 
Section 9 of this Validation Test Report. 

5.5 DEVIATIONS FROM THE TEST PLAN 

5.5.1  Changes in Soak Times and Ramp Rates 

Previous testing at HWAAP using the HGD process indicated that a slow ramp 
(50 °F7 hour) to treatment temperature, followed by soak periods in excess of 12 
hours, would be necessary to effectively decontaminate materials contaminated 
with TNT, RDX, and tetryl. Based on these data, validation test runs with the 
transportable HGD system were planned with soak times of 4, 6, 12, 18, and 24 
hours. The ramp rate to treatment temperature was not to exceed 50 °F/hour. 

Because many system improvements had been made to the transportable HGD 
system over the unit tested at HWAAP, test run 1 was conducted using a 
50°F/hour ramp to a treatment temperature of 500 °F for a 12-hour soak. Post- 
treatment sampling indicated no explosives or explosives-breakdown compounds 
present on the treated materials; therefore test run 2 was conducted using a 400 °F 
treatment temperature and a 6-hour soak. Post-treatment analysis from test run 2 
indicated incomplete destruction and removal of TNT from some of the TNT- 
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contaminated test specimens, but complete destruction of RDX- and tetryl- 
contaminated test specimens. Based on these results, test run 3 was conducted 
using a 50 °F/hour ramp, 500 °F treatment temperature, and a 4- hour soak. Post- 
treatment testing indicated at least 99.999% removal efficiency for TNT- 
contaminated test specimens and complete destruction of the RDX- and tetryl- 
contaminated test specimens. 

Based on the results from test runs 1, 2, and 3, USAEC and WESTON determined 
to eliminate all tests with soak times longer than 4 hours and concentrate on: 

■ Defining the shortest allowable ramp as allowed by the constraints of the 
equipment design (i.e., increasing the ramp rate from 50 °F/hr to possibly 
300 °F/hr) and test results. 

■ Defining the lowest possible treatment temperature that would effectively 
decontaminate TNT, RDX, tetryl, and/or their breakdown compounds. 

■ Establishing the minimum required soak time at treatment temperature to 
ensure complete destruction of explosives contaminants and their breakdown 
compounds. 

5.5.2 Increasing Number of Test Runs 

Originally, fifteen 4-day test runs over a test period of 9 weeks were planned for 
the validation test program; however, the transportable HGD system efficiencies 
were significantly better than those of HGD systems used in previous studies. As a 
result, WESTON was able to conduct a complete test run, including pre- and post- 
treatment analysis, loading, cooldown, and unloading, in 2 days or less. On-line 
system availability was close to 100%. 

To take advantage of the extra time at the end of test run 15, three additional test 
runs (16A, 16B, and 16C) were conducted. Each test run treated only one type of 
contaminant (TNT, RDX or tetryl) in an attempt to define characteristic NOx 

spikes during the ramp period for each explosives type. Because the previous 15 
test runs had indicated that all NOx activity associated with the decontamination 
process occurred during the ramp between approximately 300 °F to 500 °F, the 
additional tests were run using a 300 °F/hour ramp, 600 °F treatment temperature, 
and no soak period. The results of these test runs are discussed in Section 9. 

5.5.3 Asbestos Testing 

WESTON was requested by USAEC to define the effects, if any, that the HGD 
process would have on asbestos-containing materials such as transite siding and 
pipe insulation. Asbestos-containing pipe insulation could not be located. Transite 
siding, however, was obtained from the ongoing ALAAP remediation effort. It was 
agreed that a small quantity of asbestos-containing transite siding would be placed 
in the last HGD furnace run to evaluate the condition of the transite siding after 
treatment by the HGD process. Personal air sampling was conducted during this 
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test to evaluate worker safety. The results of the personal air monitoring are 
discussed in Section 8 and the observations noted after furnace run 17C are 
discussed in Section 9. 

5.5.4 Changes to Spiking Procedures 

When the treatability study test plan was originally generated, WESTON had 
planned that all of the clean material (clay pipe, concrete block, metal pipe, and 
furnace wall plates) placed in the furnace load would be spiked with one of the 
explosives-spike mixtures (TNT, RDX, or tetryl). It was assumed the spike 
mixtures, once formulated, would have a viscous consistency similar to toothpaste. 
The spike mixtures did not have a viscous consistency, but a consistency more like 
a liquid/solid slurry similar to undissolved sugar at the bottom of a coffee cup. 
This was not conducive to spiking circular surfaces such as metal or clay piping. 

To overcome this obstacle, test plates and specimens were prepared for each test 
run. The word "specimens" will be used to describe the pieces of concrete block 
and clay saucers that were used to support spiking. Test plates were used to 
support metals and furnace wall plate spiking. Each test plate was approximately 
2 inches square with a welded bead around the edge to prevent spike mixtures 
from sliding or melting off the plate during treatment. Spike explosives were 
placed on the test plate, in a smooth, even layer, and then placed in the furnace, 
inside the metal pipe that made up part of the furnace load. Spike was applied to 
the furnace wall plates in the same manner and placed in the permanent wall plate 
fixtures located on the furnace side walls and door. After processing, the metal 
plates were removed from the pipes and furnace wall locations for analysis. Wipe 
samples were taken from each plate and analyzed for explosives in accordance 
with Method 8330. Metal plates that were verified clean were then used to support 
follow-on tests after a thorough rinse and cleaning with acetone. Wipe samples of 
the clean plates were taken and analyzed to verify cleanliness prior to reuse. 

To support spiking and subsequent analysis of concrete block, clean block was 
broken into approximately 3-inch square chunks. The spike mixture was then 
placed on the block specimens and placed in the furnace with the other concrete 
block. Following processing, a wipe sample was taken from the block and the 
treated specimen was ground into a powder. The powder was then sampled in 
accordance with Method 8830 of the nine target explosives identified in 
Subsection 5.4. 

To duplicate the clay pipe, clay saucers approximately 2 inches in diameter were 
purchased from a local garden supply store. The explosives-spike mixtures were 
placed in the saucer and then smoothed evenly over the saucer bottom. The spiked 
clay saucer was then placed in the furnace load, in the inside of a clay pipe that 
made up part of the furnace load. Following processing, a wipe sample of the 
saucer was taken, and the saucer was then ground into a powder. The powder was 
analyzed in accordance with Method 8830 for the nine target explosives identified 
in Subsection 5.4. 
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Exhibit 5-1 

Furnace Loading And Unloading Procedures 

Furnace Loading Procedure 

1. Identify the contaminated materials to be treated by the HGD process. 

2. Don the required personal protective gear as required by the site-specific health and safety plan. 

3. Verify all loose dirt and debris contained on the contaminated materials or in the material internals has been 
removed, as best as practicable. 

4. Place the contaminated materials to be treated by the transportable HGD process onto the treatment racks. 
A maximum of three treatment racks can be loaded into the furnace for any given batch. However, two 
loaded racks normally provide the maximum allowable treatment weight. 

Do not mix clean materials with contaminated materials. 

Contaminated piping and plate are normally placed on the upper shelves of the treatment racks, and debris 
is placed in a basket on the lower shelves of the treatment racks. 

5. Weigh the loaded treatment rack and record the weight. The transportable HGD furnace is designed to treat 
a maximum of 3,000* of contaminated materials. If explosives are included in the contaminated load, no 
more than 1 lb of total explosives2 can be placed into the furnace for a given batch. 

6. Using a forklift, place weighed treatment racks into the furnace chamber. The operator will be required to 
slide the racks into place once the forklift places the racks onto the furnace hearth. 

7. Place the load thermocouples throughout the load. Five thermocouples with transmitters were used to 
support validation testing; however, up to 12 load thermocouples can be used to monitor the load 
temperature during processing. 

8. Once the load thermocouples are placed, verify that all personnel are clear of the furnace chamber and 
close and secure the furnace door. Check with the control area operator to verify that the furnace door 
contact (ZSO-208) indicates the door is closed. 

1 The furnace load limitation is based on the strength of the refractory floor and the required thermal input to heat 
up the load. The 3,000 lb includes the weight of the materials plus the weight of the racks or fixtures used to 
hold the materials in the furnace. 

2 The total explosive limit was imposed by permitting limitations established by the State of Alabama. The 
standard design and construction of the furnace allows processing of more than 1 lb of total explosives; however, 
proper explosion rating calculations must be performed by qualified personnel before increasing the explosives 
load limitation of the furnace beyond 1 lb. 
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9.   The HGD system equipment may be started in accordance with the procedures outlined in Subsections 
3.1.2 and 3.1.3. 

Furnace Unloading Procedure 

1. Verify that the temperature in the HGD furnace is below 150 °F. 

2. Don the required personal protective gear as required by the site-specific health and safety plan. 

3. Open the HGD furnace door and swing the door away from the furnace entrance. Secure the furnace door 
in the open position. Allow the furnace contents to cool further, if necessary. 

4. Remove the treatment racks from the HGD furnace. 

5. Perform post-treatment sampling, if required. 

6. Remove the processed materials from the treatment racks and place the processed materials in a segregated 
storage area until confirmed clean by post-treatment analysis. 

7. Transfer clean treated materials to the clean storage area once the treated materials have been verified 
clean. Clean materials may be reused, disposed of as scrap, or landfilled in accordance with the site- 
specific work plan. 

Materials that have not been verified clean by post-treatment analysis must be retreated. These materials 
should be returned to the contaminated stockpile area for retreatment. 
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Exhibit 5-2 

Spiking Procedure For Validation Tests 1-3 

Pre-Spike 

1. Using an acetone-soaked wipe, clean all furnace test plates and specimen plates to remove dirt, grease, 
and other debris. 

2. Take wipe samples of all test plates using an acetonitrile-soaked wipe (20 wipes per sample area). 
Place wipe sample in glass sample jar and label. Place each cleaned and sampled test plate in its own 
Ziploc bag. Label bag "Waiting for Verification Clean." As test plates are verified clean, place in 
"Verified Clean" box for use in future test runs. 

Spike 

1. Collect one wipe for a field blank. Place in glass sample jar and identify. 

2. Collect one solid field blank. Select one piece only of either unspiked concrete block or clay pipe. 
Prepare in same manner as matrix samples, but ensure sampling materials are decontaminated (i.e., 
grinder). Place in glass sample jar and identify. 

3. Collect three "clean" metal test plates from the "verified clean" group. 

4. Record sample plate identification, e.g., "A." 

5. Weight the unspiked, clean test plates. Record weight. 

6. Transfer explosives to mixing containers, as indicated below. 

■ Container 1: 60 grams of RDX for cinder block, clay pipe, and metal pipe. Approximately 20 
grams per test item. 

■ Container 2: 60 grams of tetryl for cinder block, clay pipe, and metal pipe. Approximately 20 
grams per test item. 

■ Container 3: 45 grams of TNT for cinder block, clay pipe, and metal pipe. Approximately 15 
grams per test item. 

■ Container 4: 

-     Test Run 1: 75 grams of TNT for five furnace wall plates. Approximately 15 grams per test 
plate. 

Test Run 2: 100 grams of tetryl for five furnace wall test plates. Approximately 20 grams per 
test plate. 
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-     Test Run 3:100 grams of RDX for five furnace wall test plates. Approximately 20 grams per 
test plate. 

7. Add acetone to explosives as necessary, to form a workable mixture. 

8. Transfer explosives-solvent mixture to test plates using rubber spatula, wooden spoon, or toothbrush. 
Spread mixtures evenly across the test plates and specimens. 

9. Allow acetone to evaporate from spike mixes. 

10. Weigh dried test plates. Record weight. 

11. Place dried and weighed test plates in metal pipe, clay pipe, or cinder block throughout the furnace 
load. Record locations on pre-startup log (see Exhibit 5-3). 

12. Rinse application tools and empty containers with acetone. Collect rinsate in cake pan with dried 
explosives. 

13. Allow acetone in rinsate to evaporate. Once evaporated, place cake pan in furnace for treatment. 

Post-Treatment Sampling 

14. After treatment, lightly spray cake pans with water before removing from furnace and placing on spike 
stand. Remove test plates from the test materials. Do not remove test plates from furnace walls. 

15. Weight each treated test plate and record weight. 

16. Using an acetonitrile-soaked wipe, sample the treated test plates, including the five furnace wall plates, 
using a back and forth motion (20 swipes). Place wipe in glass sample jar. Label. 

17. After taking wipe samples, place concrete and clay specimens in separate Ziploc bags. These samples 
will be ground, composited, and analyzed for explosives in accordance with modified Method 8330, 
which is provided as Appendix A of this Validation Test Report. 

Validation Tests 4-15 

Follow steps 1-17 above; however, randomly wipe sample at least three pieces of treated contaminated 
debris using an acetonitrile-soaked wipe for each piece. Use a back and forth motion (20 swipes). Place the 
wipes in a glass sample jar. Label. 

These samples will be composited and analyzed for explosives in accordance with modified Method 8330. 
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Exhibit 5-3 
Startup and Operations Checklist 

;P8£IMMP(1;oM! 
Date:  

Time: 

Test Number: 

Ramp-Up Time_ 

Soak Time: 

Soak Temp: 

MECHANICAL Initial each item. 

Inspection doors/manways are SECURED 

Gas valves OPEN 

View/inspection ports CLOSED 

Verify that all valves, doors, inspection ports, manways, etc. 

have been returned to a position capable of sustaining 

system operations. 

ELECTRICAL initial each item. 

]   All lockout/tagouts (1-5) are ACCOUNTED for. 

1   Furnace and thermal oxidizer control breakers are ON. 

Verify that emergency stop pushbuttons are NOT ENGAGED. 

|        |   BUMP motors and switch to AUTO. 

Furnace Combustion Blower (M-220) 

Thermal Oxidizer Combustion Blower (M-130) 

Thermal Oxidizer I.D. Fan (M-158) 

Calibrate CEM" 

Verify that field selector switches are in "A UTO" after 

all motors have been "BUMPED" to verify operations. 

Tank Recorded 
Values     Values        Adjustment (Y/N) 

Interconnection Duct NO x 

Interconnection Duct THC 

Stack's NOx 

Stack's SO 2 

Stack's THC 

Stack's CO 

Stack's O2 

Stack's CO 

* Verify that all regulators on Calibration Gas Tanks are CLOSED. 

Data logger/computer is ON 

Record Time /Computer Clock} 

Record Ambient Air Temperature (TIT-300) 

Ambient Humidity (call weather service at 205-666-3010) 

record every 6 hours on data log sheet 
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U^plNG/gNLOADlNG (2 of 3) j 
Date:  

Time: 

Test Number: 

Ramp-Up Rate: 

Soak Time: 

Soak Temp: 

FIELD ACTIVITIES 
Load furnace with materials and thermocouples 

Initial each item. 

For each rack/bin, provide a description in 

terms of contents, appearance, moisture, etc. 

Rack As Characteristics. 

Initial Wt.(lb) Final Wt.flb} Test Materials Initial Wt.flb} Final Wt.flb} 

Take Pictures 
Verify that pipe is chucked with wooden chucks prior to loading to prevent pipes from rolling into each other. 

Rack B's Characteristics. 

Initial Wt. (lb) Final Wt.flb} Test Materials Initial Wt.flb} Final Wt.flb} 

Take Pictures 

SP-Spiked Steel Pipe, SC-Spiked Clay Pipe, SD-Spiked Cinder Blocks 

CP-Contaminated Steel Pipe, CC-Cont. Clay Pipe, CD-Cont. Debris 

Total weight of the two racks must be less than 3,000 lb 

No more than 1 lb of total explosives will be loaded into the furnace during any one batch/load 

Mark locations of thermocouples 

Door Rack B Rack A 

Burner 

J   Roll calls and close furnace door (signatures required) 

•P 

Verify that all site personnel are accounted for. 

Have each person initial this checklist. 

Close and secure furnace door. 

Secure equipment pad and access road with chain links 

SEE NEXT PA GE FOR THERMAL OXIDIZER and FURNA CE STARTUP SEQUENCE 
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STÄäraBSM^ 
Date: 

Time: 

Test Number: _ 

Ramp-Up Time: 

Soak Time: 

Soak Temp: 

THERMAL OXTDIZER STARTUP Mtial and record time for each item. 

I     Start "I.D. Fan." Adjust fan speed to maintain a system draft < -0.5 in. w.c. 

1     Start "Pre-Mix AIR BLOWER." Adjust fan speed to maintain <-0.5 in. w.c. 

1     Start "OXIDIZER" (Burner). Adjust fan speed to maintain <-0.5 in. w.c. 

Once the burner has started, the control system will initiate a purge sequence. 

The pilot will then attempt to light the burner at low fire. 

Start "DATA LOGGER" pushbuttons on the computer. 

Heat up burner to 1,800 °F. Adjust I.D. fan speed to maintain <-0.5 in. w.c. 

>d00°F: 

»1,200 "F: 

> 1,800 °F: 

■Time 

:Time 

:Time 

Once the burner is operating at low fire, the control will be released to the operator. 

The operator must adjust gas flow and I.D. fan speed to maintain temperature at 1,800 °F 

and system draft at <-0.5 in. w.c. 

FURNACE STARTUP Initial and record time far each item. 

Turn furnace key to "BLOWER" position. Adjust I.D. fan speed to maintain <-0.5 in. w.c. 

Verify that "INTERLOCK OK" light is energized. Turn furnace key to "BURNER" position. 

Once the burner has started, the control system will initiate a purge sequence. 

The pilot will then attempt to light the burner in low fire. 

Ramp up furnace temperature to SOAK temperature. Maintain ramp-up rate. Adjust I.D. fan 

and temperatures. 
Record furnace temperatures during ramp-up on hourly datalog sheet.  

Once the burner is operating at low fire, the burner control will be released to the operator. The operator must adjust 

I.D. fan speed to maintain <-0.5 in. w.c, thermal oxidizer temperature at 1,800 °F, and furnace temperature at SOAK 

temperature. 

Manually Log Operating Parameters.   

Use the Hourly Datalog to record all operating parameters at hourly intervals. SOAK times and 

temperatures may vary from test to test. 

C00LDÖWN mitiai and record time for each item. 

Turn furnace key to "BLOWER" after lowering furnace temperature to 200 °F. 

STOP "OXIDIZER" and "AIR BLOWER." 

STOP computer data logger when all thermocouples indicate <150 °F. 

FOLLOW THE FURNACE UNLOADING PROCEDURES PRESENTED AS EXHIBIT 5-1 IN SECTION 5 OF THE 

VALIDATION TEST REPORT. 
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6. 
EQUIPMENT OPERATIONS 

DURING VALIDATION TESTING 

After successfully completing system shakedown and demonstration testing, 
validation testing of the transportable HGD equipment began on 4 January 1996 
and continued through 15 March 1996. The first test run was begun on 31 January 
1996. A total of 18 tests were conducted. Control variables were changed from 
test to test to evaluate their effects on response variables, such as final 
contaminant concentrations and stack emissions. This section presents the 
operating parameters for each test run and summarizes the data from each test 
run. 

6.1 GENERAL OPERATIONS INFORMATION 

Subsections 6.1.1 through 6.1.7 present details regarding equipment operations 
and procedures that were common to all validation test runs. 

Among the system control variables, the three noted below define the HGD 
treatment process: 

■ Furnace Ramp Rate to Treatment Temperature. 
■ Material Treatment Temperature (Soak Temperature). 
■ Treatment Time (Soak Cycle). 

These three variables were changed from test to test to evaluate their effect on 
system response variables and overall performance of the HGD process. 

6.1.1  Furnace Ramp 

The ramp rate is the rate, in degrees per hour, that the temperature of the furnace 
combustion chamber was elevated. The ramp rate is adjusted by temperature 
controller TIC-200. The ramp rate was programmed into TIC-200 by the operator 
prior to starting each test run. 

Once initiated, the controller ramps the furnace chamber temperature to the final 
set-point and then maintains the temperature at the established set-point for 
treatment and soak. The treatment or soak temperature set-point is also 
programmed by the operator for each test run. The combustion chamber set-point 
is always set 50 °F above the target material treatment temperature. 
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6.1.2 Treatment Temperature 

The treatment temperature is defined as the target material temperature for the 
load to reach and sustain for a designated soak period. Five material load 
thermocouple readings were combined into an average material load temperature 
to accommodate different heatup rates. When the thermocouple average reached 
treatment temperature, the soak cycle was started. 

6.1.3 Soak Time 

The soak time is defined as the duration that the material load was held at the 
treatment temperature. The soak time included only the time in which the average 
material load was at or above treatment temperature. If an unusual event caused a 
furnace shutdown, the soak time was suspended, and then restarted when the 
average material load temperature returned to the target treatment temperature. In 
some tests, no soak period was used, and only the effects of heatup on 
decontamination were evaluated. 

At the completion of a soak cycle, the furnace burner was immediately placed in 
the low-fire position, and the furnace burner was turned off. This procedure 
normally took 2 to 5 minutes. The material load was then allowed to cool using 
ambient air from the combustion blower and bleed-air duct. 

6.1.4 Thermal Oxidizer Temperature 

Following heatup, the temperature of the thermal oxidizer was maintained at an 
established set-point to ensure destruction of contaminants in the furnace exit- 
gases. 

The average oxidizer temperature for each individual test ranged from 1,800 °F to 
1,830 °F. The average heatup time for the thermal oxidizer was 36 minutes, with 
individual times ranging from 15 minutes to 1 hour. 

6.1.5 System Draft 

An induced draft fan was used to create a negative system draft. The average 
system draft pressure throughout the validation tests was -0.04 in. w.c. Individual 
test averages ranged from -0.20 in. w.c. to -0.60 in. w.c. 

6.1.6 Material Loading 

All test runs were performed using similar mass loads. The furnace loads 
consisted of two material racks that were loaded with noncontaminated, spiked test 
materials and contaminated debris from an ongoing remediation project at 
ALAAP. The loaded material racks were placed in the furnace chamber in the 
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same position for each of the test runs. The pre-treatment and post-treatment 
weights of the materials and racks were recorded for each test run. 

6.1.7 Thermocouple Placement 

Five material load thermocouples were used to sense the temperature of the 
material load. These thermocouples were placed in the furnace and positioned 
throughout the material load as indicated in Figure 5-2. The thermocouples were 
held in fixed positions and placed in the same general locations for all test runs. 
Some thermocouples were located a few inches above the explosives spike 
material to provide an indicator of decontamination. The exact locations of the 
thermocouples and spike specimens were recorded for each test run in the operator 
logs that are included in Appendix F to the Validation Test Report. 

6.2 OPERATIONAL DATA 

A summary of data gathered and observations made during each test run is 
provided in this subsection. More detailed operational information is provided in 
Appendices E, F, and G as noted below: 

■ Appendix E:       Control Room Log Book. 

■ Appendix F:       Hourly Control Room Logs, Operations Check Sheets, and 
Furnace Temperature Recorder Charts. 

■ Appendix G:       Summary Datasheets for Test Runs 1-15. 

The control variable settings for the first test run were selected by WESTON in 
accordance with the approved Validation Test Plan, information gained during 
demonstration testing, and known chemical and thermal properties of the 
explosives to be treated. Thereafter, analytical results from each test run were 
used to determine operating conditions for the following test run. 

6.2.1 Validation Test 1 

Validation test 1 was started at 16:34 on 31 January 1996 and was completed at 
13:54 on 1 February 1996. The selected operating conditions are noted below and 
Table 6-1 summarizes the furnace operating times. 

Treatment Temperature: 500 °F 
Heatup (Ramp) Rate: 50 °F/hour 
Material Soak Time: 12 hours 
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Table 6-1 

Test Run 1: Furnace Operating Times 

Start Time Stop Time Total Time 

Furnace Burner 16:34 13:54 21:20 

Ramp 1: 35-200 °F 16:34 18:22 1:48 

Ramp 2: 200-550 °F 18:22 1:32 7:10 

Total Ramp Time 8:58 

Soak 1:32 13:48 12:16 

Total Process Time 21:14 

The average material temperature during the soak for test run 1, as measured by 
the five load thermocouples, was 513 °F. The highest thermocouple reading was 
520 °F; the lowest, 502 °F. As noted in Table 6-1, the soak time lasted 12 hours 
and 16 minutes; however, on one occasion during the soak, the low I.D. fan 
discharge pressure interlock caused the thermal oxidizer and burner to shut off. 
The shutdown occurred because the I.D. fan was being operated too close to the 
I.D. fan interlock set-point. The oxidizer was relit, the burner was relit, and the 
soak resumed once the average of the load thermocouples reached 500 °F. A little 
further into the soak, the oxidizer burner and furnace shut down again because of 
a high temperature interlock. The soak time was stopped, the oxidizer relit, the 
furnace relit, and soak time was resumed once the average of the load 
thermocouples reached 500 °F. 

Table 6-2 summarizes of the material load placed in the furnace during test run 1. 
Contaminated debris from the ALAAP remediation effort was not processed in 
this test run. 

Table 6-2 

Test Run 1: Furnace Material Load Data 

Material 
Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

ab) 

RackB 
Weight 

a^ 
Total 

Weight 
ab) 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Material 
Weight 

a^ 
Final Wipe 

Contaminant 
Cone, (jig) 

Final Ground 
Contaminant 

Cone, (ng) 

Rack 460 460 920 N/A N/A 920 N/A N/A 

Steel Pipe 1,049 1,049 0.29 TNT 1,049 14.0 N/A 

Clay Pipe 521 521 0.10 Tetryl 520 0.00 N/A 

Cinder Block 480 480 0.12 RDX 477 N/A 0.00 

TOTALS 2,510 460 2,970 0.64 2,966 14.00 0.00 
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Unusual Events/Changes/Observations for Test Run 1 

1. Toward the end of ramp 1, when the furnace chamber temperature was 
<200 °F, the oxidizer burner shut down. The shutdown was caused because 
the over-temperature set-point on the furnace control was set too low. The set- 
point did not allow for normal process temperature variances. This set-point 
was increased following test run 1 to accommodate variations in process 
temperature. 

2. Approximately 2 hours into the soak period, material load thermocouples TE- 
203 and TE-204 were switched (using the data-logger program from the 
control room) to verify the accuracy of TT-204. TT-204 was suspected of 
reading low; however, the temperature readings after the switch indicated the 
transmitter calibrations were appropriate. Therefore, the thermocouples were 
switched back. Although the transmitter calibration was verified, the operation 
of the thermocouple could not be verified until HGD operations stopped. Post- 
test investigations found that TE 204 was not operating properly; it had 
shorted. The effect of a short in a thermocouple is that is causes a biased 
reading; therefore, datalog readings for TE-204 during test run 1 were 
inaccurate. TE-204 was not included in the summary data sheet for test run 1. 

3. The NOx analyzer located in the interconnection duct appeared to be operating 
erratically during test run 1. Post-test investigation indicated that there was a 
clog in the sample line; therefore, the integrity of NOx readings throughout test 
run 1 are suspect. 

4. Emissions testing in accordance with the Treatability Study Test Plan was 
conducted during this test run. 

6.2.2 Validation Test 2 

Validation test 2 was started at 11:09 on 2 February 1996 and was completed at 
23:21 on 2 February 1996. Results from test run 1 indicated complete 
decontamination of the spiked test materials; therefore, a lower treatment 
temperature and shorter soak time were selected for test run 2. The selected 
operating conditions are noted below, and Table 6-3 summarizes the furnace 
operating times for test run 2. 

Treatment Temperature: 400 °F 
Heatup (Ramp) Rate: 50 °F/hour 
Material Soak Time: 6 hours 
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Table 6-3 

Test Run 2: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 11:09 23:21 12:12 

Furnace Burner 11:29 23:03 11:34 

Ramp 1: 35-200 °F 11:29 13:00 1:13 

Ramp 2: 200-450 °F 13:00 17:00 4:00 

Total Ramp Time 5:31 

Soak 17:00 23:00 6:00 

Total Process Time 11:31 

The average material temperature during the material soak for test run 2, as 
measured by the 5 load thermocouples, was 408 °F. The highest thermocouple 
reading was 418 °F; the lowest, 401 °F. As noted in Table 6-3, the soak time 
lasted 6 hours. Unlike test run 1, there were no equipment shutdowns during the 
soak period. 

A summary of the material load placed in the furnace during test run 2 is provided 
in Table 6-4. Contaminated debris from the ALAAP remediation effort was not 
processed in this test run. 

Unusual Events/Changes/Observations from Test Run 2 

1.   TE-205 appeared to be reading low during the ramp period, therefore, 
thermocouple TE-205 was unplugged to check for a short, and to check the 
transmitter. No problems were found with either the thermocouple or 
transmitter. TE-205 was plugged back in after approximately 12 minutes. 

Unplugging TE-205 had no effect on the process, but caused the thermocouple 
to fail high, which causes the transmitter and data log temperatures to indicate 
1,200 °F during the unplugged period. Approximately 12 minutes of data for 
TE-205 was affected. 

2.   About an hour before the ramp period ended, draft pressure transmitter PT- 
158 began indicating a positive pressure within the furnace chamber. This 
type of condition normally shuts down the furnace; however, draft pressure 
measured at the interconnection duct during this period indicated -0.70 in. w.c. 
Field investigations indicated that ice had formed in the low side of the draft 
transmitter, thus causing a false positive pressure indication. After clearing the 
ice plug, the furnace draft reading returned to negative. The rest of the test 
proceeded without event. 
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3.   Emissions testing in accordance with the Treatability Study Test Plan was 
conducted during this test run. 

Table 6-4 

Test Run 2: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

a^ 

RackB 
Weight 

a^ 

Total 
Weight" 

a^ 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 460 460 920 N/A N/A N/A N/A 

Steel Pipe 1,049 14.50 TNT 7784.00 N/A 

30.60 Tetryl 0.00 N/A 

24.20 RDX 0.00 N/A 

Clay Pipe 521 15.50 TNT 0.00 79.80 

19/30 Tetryl 2.80 0.80 

20.00 RDX 0.00 0.00 

Cinder Block 480 13.10 TNT N/A 7.10 

27.00 Tetryl N/A 7.40 

19.40 RDX N/A 0.00 

Furnace Wall Plates N/A 116.20 RDX 0.00 N/A 

TOTALS SCALE NOT 
OPERABLE" 

2,970 299.80 7,786.80 95.10 

The load cell in the scale was not functional during this test; however, no more than 3,000 lb of material 
was placed in the furnace load. 

bThe weight in this column is approximate. The load used for test run 2 was similar to the furnace test load 
for test run 1. 

6.2.3 Validation Test 3 

Validation test 3 was started at 07:28 on 4 February 1996 and was completed at 
23:23 on 4 February 1996. Treatment temperatures of 400 °F intest run 2 failed 
to successfully decontaminate TNT-spiked metal test plates; therefore, the 
treatment temperature for test run 3 was increased. The selected operating 
conditions are noted below and Table 6-5 summarizes the furnace operating times 
for test run 3. 
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Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

500 °F 
50 °F/hour 
4 hours 

Table 6-5 

Test Run 3: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 7:28 23:23 15:55 

Furnace Burner 8:12 14:53 

Ramp 1: 35-200 °F 8:12 4:48 

Ramp 2: 200-550 °F 13:00 5:42 

Total Ramp Time 10:42 

Soak 18:54 22:54 4:00 

Total Process Time 14:42 

The average material load temperature during the material soak for test run 3, as 
measured by the 5 load thermocouples was 510 °F. The highest thermocouple 
reading was 543 °F; the lowest, 457 °F. As noted in Table 6-5, the total soak time 
for this test run was 4 hours. There were no equipment shutdowns during the soak 
or ramp periods. A summary of the material load placed in test run 3 is provided 
in Table 6-6. Contaminated debris from the ALAAP remediation effort was not 
processed in this test run. 

Unusual Events/Changes/Observations from Test Run 3 

1. Cold weather experienced during this test run caused difficulties in lighting the 
furnace burner. The first attempt to light the furnace burner was not 
successful. Minor adjustments were made to the furnace burner, and the 
burner was lit and remained on-line throughout testing. This problem had no 
effect on the test run. 

2. Material thermocouple TE-203 experienced a temperature spike of 756 °F 
during the ramp period. Thermocouple TE-203 was located next to a TNT- 
spiked steel test plate. Residual left on the test plate after processing is noted 
in Table 6-6. 

3. Emissions testing was conducted during this test run. 
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Table 6-6 

Test Run 3: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

a^ 

RackB 
Weight 

a^ 

Total 
Weight1" 

a^ 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 460 460 920 N/A N/A N/A N/A 

Steel Pipe 1,049 12.60 TNT 105.00 715.00c 

16.60 Tetryl 0.00 N/A 

17.80 RDX 0.00 N/A 

Clay Pipe 521 14.90 TNT 0.00 

22.50 Tetryl 0.00 0.00 

17.80 RDX 0.00 0.00 

Cinder Block 480 15.80 TNT N/A 0.00 

24.20 Tetryl N/A 0.90 

22.00 RDX N/A 0.00 

Furnace Wall Plates N/A 89.50 Tetryl 3.80 N/A 

TOTALS SCALE NOT 
OPERABLE8 

2,970 253.70 108.80 715.90        1 

The load cell in the scale was not functional during this test; however, no more than 3,000 lb material was 
placed in the furnace load. 

This weight is approximate. The load used for test run 3 was similar to the furnace test load for test run 1. 

This value reflects a residual explosives concentration, which remained on the TNT-spiked steel test plate. 
The residue was removed, ground into a powder, and analyzed in accordance with Method 8330. 

6.2.4 Validation Test 4 

Validation test 4 was started at 21:00 on 6 February 1996 and was completed at 
15:45 on 7 February 1996. Emissions testing was completed with the conclusion 
of test run 3. Results from test run 3 indicated traces (0.9 ug to 3.8 ug) of 
explosives-breakdown compounds on tetryl-contaminated block and furnace wall 
plates; therefore, the treatment temperature used during test run 3 was maintained, 
but the soak time was increased from 4 to 6 hours. The selected operating 
conditions for test run 4 are noted below, and Table 6-7 summarizes the furnace 
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operating times for test run 4. The furnace ramp rate was also increased from 
50 °F/hr in test run 1, 2, and 3, to 75 °/hr in test run 4. 

Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

500 °F 
75 °F/hour 
6 hours 

Table 6-7 

Test Run 4: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 21:00 15:45 18:45 

Furnace Burner 2:17 15:00 12:43 

Ramp 1: 35-200 °F 2:17 2:47 0:30 

Ramp 2: 200-550 °F 2:47 8:00 5:13 

Total Ramp Time 5:43 

Soak 8:00 14:20 6:20 

Total Process Time 12:03 

The average material load temperature during the material soak for test run 4, as 
measured by the five load thermocouples, was 516 °F. The highest thermocouple 
reading was 577 °F; the lowest, 450 °F. Thermocouple TE-206 experienced a 
892 °F temperature spike during the ramp. 

There were no equipment shutdowns during soak or ramp times, and the cold- 
weather-related problems encountered during test run 3 were not a problem during 
this test run. 

A summary of the material load placed in the furnace during test run 4 is provided 
in Table 6-8. This is the first test run where contaminated debris from the 
remediation effort was placed in the furnace for processing. 

Unusual Events/Changes/Observations from Test Run 4 

Material thermocouple TE-206, which was placed in a metal pipe with an RDX- 
spiked metal test plate, experienced a temperature spike of 892 °F during the ramp 
period. Unlike test run 3, where a similar event yielded residue on the test plate 
after treatment, no RDX residue was found on Hie RDX-spiked test plate. Wipe 
samples from the test plate indicated no traces of explosives or explosives- 
breakdown compounds. 
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Table 6-8 

Test Run 4: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

ab) 

RackB 
Weight 

a^ 

Total 
Weight 

a^ 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 121 20 361 10.40 TNT 0.00 N/A 

9.30 Tetryl 0.00 N/A 

11.00 RDX 0.00 N/A 

Clay Pipe 205 205 10.00 TNT 0.00 0.90 

10.10 Tetryl 0.00 0.00 

10.70 RDX 0.00 0.00 

Cinder Block 672 672 10.00 TNT N/A 0.00 

11.50 Tetryl N/A 0.90 

10.25 RDX N/A 0.00 

Contaminated Steel Debris 369 — 369 — ... 7.00 N/A 

Contaminated Rock Debris 365 — 365 — ... N/A 0.00 

Furnace Wall Plates N/A 51.80 TNT 45.00 N/A 

TOTALS 1,455 1,547 3,002 145.05 52.00 1.80 

6.2.5 Validation Test 5 

Validation test 5 was started at 23:00 on 7 February 1996 and was completed at 
10:34 on 8 February 1996. Results from test run 4 indicated acceptable results; 
therefore, both the treatment temperature and soak times were varied. The selected 
operating conditions for test run 5 are noted below. 

Treatment Temperature: 600 °F 
Heatup (Ramp) Rate: 75 °F/hour 
Material Soak Time: 4 hours 

Table 6-9 summarizes the furnace operating times. 
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Table 6-9 

Test Run 5: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 23:00 10:34 11:34 

Furnace Burner 23:22 10:30 11:08 

Ramp 1:35-200 °F 23:22 23:52 0:30 

Ramp 2: 200-650 °F 23:52 4:05 4:13 

Total Ramp Time 4:43 

Soak 4:05 8:10 4:05 

Total Process Time 8:48 

The average material temperature during the material soak period for test run 5, as 
measured by the five load thermocouples, was 614 °F. The highest thermocouple 
reading was 662 °F; the lowest, 556 °F. Material thermocouples TE-203 and TE- 
207 experienced spikes during the ramp of 803 °F and 726 °F, respectively. 

There were no equipment shutdowns during the soak or ramp periods, and the 
startup-related problems encountered in test run 3 were no longer an issue. 

Table 6-10 summarizes the material load placed in the furnace during test run 5. 
Contaminated debris from the ALAAP remediation effort was placed in the 
furnace during this test run for processing. 

Unusual Events/Changes/Observations from Test Run 5 

1. Material thermocouple TE-203, which was placed next to an RDX-spiked 
metal test plate, experienced a temperature spike of 803 °F during the ramp 
period. 

2. Material thermocouple TE-207, which was placed next to an RDX-spiked 
furnace wall plate, experienced a temperature spike of 726 °F during the ramp 
period. 
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Table 6-10 

Test Run 5: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

a^ 

RackB 
Weight 

a^ 

Total 
Weight 

a^ 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 1,453 1,496 2,949 10.10 TNT 0.00 N/A 

14.80 Tetryl 0.00 N/A 

10.70 RDX 0.00 N/A 

Clay Pipe 1,252 1,252 10.50 TNT 0.00 0.00 

9.50 Tetryl 0.00 0.00 

10.10 RDX 0.00 0.00 

Cinder Block 1,048 1,048 10.10 TNT N/A 0.00 

9.80 Tetryl N/A 0.00 

11.80 RDX N/A 0.00 

Steel Debris 1,351 — 1,351 N/A ... 2.60 N/A 

Rock Debris 976 ... 976 N/A ... N/A 0.00 

Furnace Wall Plates N/A 48.50 RDX 0.00 N/A 

TOTALS 4,380 4,226 8,606 145.90 2.60 0.00 

6.2.6 Validation Test 6 

Validation Test 6 was started at 08:02 on 12 February 1996 and was completed at 
17:40 on 12 February 1996. Post-treatment testing from test run 5 indicated all 
materials were decontaminated successfully. Based on these results, the operating 
conditions for test run 6 were selected as noted below. 

Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

600 °F 
75 °F/hour 
2 hours 

Treatment temperatures and ramp times for test run 6 remained constant from test 
run 5. Only the soak time was reduced. Table 6-11 summarizes the operating 
times for test run 6. 
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Table 6-11 

Test Run 6: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 8:02 17:40 9:38 

Furnace Burner 9:57 16:52 6:55 

Ramp 1: 35-200 °F 0:00 0:00 0:00 

Ramp 2: 200-650 °F 9:57 14:50 4:53 

Total Ramp Time 4:53 

Soak 14:50 16:50 2:00 

Total Process Time 6:53 

The average material temperature of the load during the soak period for test run 6 
was 608 °F. The highest temperature recorded was 659 °F; the lowest, 543 °F. 
During the ramp period, thermocouple TT-205 began to malfunction. The 
malfunction lasted 9 minutes and did not appear to affect the average load material 
temperature during the ramp period. The entire ramp period lasted 4 hours and 54 
minutes, versus a 9-minute malfunction. 

There were no equipment shutdowns during either the ramp or soak periods for 
this test run. Table 6-12 summarizes the material load placed in the furnace during 
test run 6. 

Unusual Events/Changes/Observations from Test Run 6 

Thermocouple TT-205 malfunctioned during the ramp because of a bad wiring 
connection at the thermocouple junction box, which is located on the furnace skid. 
The wiring connection was repaired and the test run continued. As noted in earlier 
test run discussions, the effect of a failed thermocouple is for the thermocouple 
temperature to fail high. Therefore, the data logger indicates a material 
temperature of 1,200 °F for the failed thermocouple (TT-205). Because TT-205 
was repaired in less than 10 minutes, the effect of the thermocouple failure was 
minimal to the overall test run or ramp time. 
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Table 6-12 

Test Run 6: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

ab) 

RackB 
Weight 

ab) 

Total 
Weight 

ab) 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ng) 

Final Ground 
Contaminant 

Cone, (ng) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 78 240 318 9.30 TNT 0.00 0.00 

10.60 Tetryl 0.00 0.00 

8.80 RDX 0.00 0.00 

Clay Pipe 205 205 10.70 TNT 0.00 1.10 

8.70 Tetryl 0.00 0.00 

11.00 RDX 0.00 0.00 

Cinder Block 89 611 700 9.90 TNT 0.00 0.00 

9.40 Tetryl 0.00 0.00 

9.00 RDX 0.00 0.00 

Contaminated Steel Debris 367 — 367 N/A — 0.00 N/A 

Contaminated Rock Debris 367 ... 367 N/A ... N/A 0.00 

Furnace Wall Plates N/A 53.40 Tetryl 0.00 0.00 

TOTALS 1,501 1,486 2,987 140.80 0.00 1.10 

6.2.7 Validation Test 7 

Validation test 7 was started at 16:15 on 13 February 1996 and was completed at 
00:43 on 14 February 1996. Post-treatment testing from test run 6 indicated that 
all contaminated and spiked materials placed in the furnace were successfully 
decontaminated using a 2-hour soak, 75 °F/hour ramp, and 600 °F treatment 
temperature. Based on these results, operating conditions for test run 7 were 
selected as noted below. 

Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

600 °F 
100 °F/hour 
1 hour 

The treatment temperature was maintained at 600 °F from test run 6, but the ramp 
time was increased from 75 °F/hour, to 100 °F/hour, and the soak time was 
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reduced from 2 hours to 1 hour. Table 6-13 summarizes the operating times for 
test run 7. 

Table 6-13 

Test Run 7: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 16:15 0:43 8:28 

Furnace Burner 16:26 0:19 7:53 

Total Ramp Time 16:26 21:13 4:47 

Soak 21:13 22:18 1:05 

Total Process Time 5:52 

Starting with test run 7, the furnace ramp was controlled automatically by furnace 
temperature controller TIC-200, once the furnace chamber temperature reached 
100 °F. Table 6-13 differs from the previous test run tables in that only a "Total 
Ramp Time" is shown, not "Ramp 1" and "Ramp 2", where ramp 2 was 
controlled manually by the operator. 

The average material temperature achieved by the furnace load during the soak 
period was 605 °F, as determined by the average of the five load thermocouples. 
The highest temperature was 681 °F; the lowest 494 °F. A low oxidizer 
temperature interlock (<1,750 °F) was experienced during the ramp period. This 
caused both the oxidizer and furnace burners to shut off; however, both systems 
were restarted quickly and no net effect was caused to the test run. 

Table 6-14 provides a summary of the material load placed in the furnace during 
test run 7. 

Unusual Events/Changes/Observations from Test Run 7 

The calibration range on the high limit controller TIS-145 and temperature 
transmitter TIT-145, located on the oxidizer, was changed prior to the start of test 
run 7 to accommodate a higher combustion chamber temperature reading and high 
limit set-point. The oxidizer was on-line, in a holding pattern at 1,650 °F, while 
the controller and transmitter were recalibrated. 
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Table 6-14 

Test Run 7: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

a^ 

RackB 
Weight 

a^ 
Total 

Weight 
ab) 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 73 240 313 10.20 TNT 0.00 N/A 

10.50 Tetryl 0.00 N/A 

10.70 RDX 0.00 N/A 

Clay Pipe — 205 205 10.20 TNT 0.00 1.10 RDX* 

9.70 Tetryl 0.00 0.00 

13.10 RDX 0.00 0.00 

Cinder Block 93 626 719 9.90 TNT N/A 0.00 

11.20 Tetryl N/A 0.00 

- 10.90 RDX N/A 0.00 

Contaminated Steel Debris 367 ... 367 N/A ... 0.00 N/A 

Contaminated Rock Debris 367 ... 367 N/A ... N/A 0.00 

Furnace Wall Plates N/A 50.30 TNT 0.00 N/A 

TOTALS 1,500 1,501 3,001 146.70 0.00 0.00 

♦Because this was a TNT-spiked test specimen, it is suspected the RDX was caused by cross contamination. 

Even though the controller and transmitter calibration changes were made prior to 
testing, the ranges in the data-logging program were not changed until after the 
test run. As a result, all datalog readings collected for transmitter TIT-145 during 
test run 7 were incorrect. Because TIT-131 and TIT-145 are essentially the same 
measurement, and they sense the same temperature in the oxidizer combustion 
chamber, the temperature reading from TIT-131 was used to monitor the process. 
The correction factor calculation for the TIT-145 data is as follows: 

TIT-145 conected   = 
TIT-145 logged value 

1850 °F 
x 2000 ° F 

Although the datalog for TIT-131 was affected, no effect on testing or equipment 
operations occurred because the controller was reading the correct temperature. 
Control room logs, kept by the operators, reflect the controller temperature, not 
the incorrect transmitter temperature. 
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6.2.8 Validation Test 8 

Validation test run 8 was started at 12:05 on 15 February 1996 and was 
completed at 18:54 on 15 February 1996. Post-treatment analysis from test run 7 
indicated that all contaminated debris and spiked materials placed in the furnace 
were successfully decontaminated using a 100 °F/hour ramp, 600 °F/hour 
treatment time, and a 1-hour soak. Based on these results, the operating conditions 
for test run 8 were selected and are noted below. 

Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

500 °F 
100 °F/hour 
2 hours 

For test run 8, the treatment temperature was lowered from 600 °F to 500 °F. The 
ramp rate remains constant at 100 °F/hour, and the material soak time was 
increased from 1 hour to 2 hours to compensate for the drop in treatment 
temperature. Table 6-15 summarizes the operating times for test run 8. 

Table 6-15 

Test Run 8: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 12:05 18:54 6:49 

Furnace Burner 12:30 18:18 5:48 

Total Ramp Time 12:30 16:15 3:45 

Soak 16:15 18:15 2:00 

Total Process Time 5:45 

The average material temperature achieved by the furnace load during the soak 
period was 507 °F, as determined by the average of the five load thermocouples. 
The highest material temperature detected was 567 °F; the lowest, 440 °F. 
Material thermocouple TE-207, which was placed near a furnace wall plate spiked 
with RDX, experienced a temperature spike of 873 °F during the ramp period. 

A summary of the material load placed in the furnace during test run 8 is provided 
in Table 6-16. 
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Table 6-16 

Test Run 8: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

a^ 

RackB 
Weight 

a^ 

Total 
Weight 

a^ 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 57 240 297 10.40 TNT 7.90 N/A 

10.90 Tetryl 0.00 N/A 

9.20 RDX 0.00 N/A 

Clay Pipe — 205 205 10.00 TNT 0.00 3.10 

10.40 Tetryl 0.00 0.00 

9.80 RDX 0.00 0.00 

Cinder Block 109 626 735 9.80 TNT N/A 0.70 

9.60 Tetryl N/A 0.50 

9.60 RDX N/A 0.00 

Contaminated Steel Debris 367 — 367 N/A ... 0.00 N/A 

Contaminated Rock Debris 367 ... 367 N/A ... N/A 1.70 

Furnace Wall Plates N/A 47.20 TNT 0.00 N/A 

TOTALS 1,500 1,501 3,001 136.90 7.90 4.30 

Unusual Events/Changes/Observations from Test Run 8 

Except for the temperature spike associated with TE-207, no unusual or irregular 
events occurred during this test run. 

6.2.9 Validation Test 9 

Validation test run 9 was started at 12:00 on 19 February 1996 and was 
completed at 20:03 on 19 February 1996. Post-treatment analysis from test run 8 
indicated trace levels of explosives-breakdown compounds on three of the TNT- 
spiked test specimens and one of the tetryl-spiked specimens. Overall, the test was 
considered successful and conditions for test run 9 were selected as noted below. 
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Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

600 °F 
100 °F/hour 
None 

For test run 9, the furnace treatment temperature was raised from 500 °F to 
600 °F, the ramp remained constant at 100 °F/hour, but no soak time was used. 
Table 6-17 summarizes the operating times for test run 9. 

Table 6-17 

Test Run 9: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 12:00 20:03 8:03 

Furnace Burner 12:50 19:18 6:28 

Total Ramp Time 12:50 19:08 6:18 

Soak 19:08 19:08 0:00 

Total Process Time 6:21 

The average material temperature achieved by the furnace load during the soak 
period was 561 °F, as determined by the average of the five load thermocouples. 
The highest material temperature detected was 624 °F; the lowest, 480 °F. A short 
shutdown occurred during the ramp due to the high temperature interlock 
associated with the oxidizer. The oxidizer and furnace burners were restarted 
within 30 minutes, and the test run was resumed. A summary of the material load 
placed in the furnace during test run 9 is provided in Table 6-18. 

Unusual Events/Changes/Observations from Test Run 9 

1. Unused TNT from test run 1 was used to spike this test run. The TNT had 
crystallized during the storage period between test runs 1 and 9. 

2. During the ramp period, the oxidizer burner shut off because of the high 
temperature interlock associated with the oxidizer chamber. This tripped the 
high limit set-point in the oxidizer controller and also shut off the furnace 
burner. The oxidizer burner was relit within 10 minutes and the furnace was 
relit a few minutes later. The ramp program was restarted approximately 30 
minutes after the oxidizer shutdown. 

3. Material thermocouple TE-207, which is associated with a tetryl-spiked 
furnace wall plate, experienced a temperature spike of 775 °F during the ramp 
period. 
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Table 6-18 

Test Run 9: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

(lb) 

RackB 
Weight 

ab) 

Total 
Weight 

a^ 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 100 240 340 10.30 TNT 0.00 N/A 

11.30 Tetryl 0.00 N/A 

13.00 RDX 0.00 N/A 

Clay Pipe 205 205 10.40 TNT 0.00 0.00 

11.40 Tetryl 0.00 0.00 

15.20 RDX 0.00 0.00 

Cinder Block 66 626 692 10.20 TNT N/A 0.00 

12.10 Tetryl N/A 0.00 

10.80 RDX N/A 0.00 

Contaminated Steel Debris 367 — 367 N/A — 0.00 N/A 

Contaminated Rock Debris 367 — 367 N/A — N/A 3.60 

Furnace Wall Plates N/A 59.40 Tetryl 0.00 N/A 

TOTALS 1,500 1,501 3,001 164.10 0.00 3.60 

6.2.10 Validation Test 10 

Validation test run 10 was started at 18:49 on 20 February 1996 and was 
completed at 01:20 on 21 February 1996. Post-treatment analysis from test run 9 
indicated complete decontamination of all spiked test materials and trace levels 
(3.6 ug) of explosives on the porous, contaminated debris. Overall, 600 °F with a 
zero soak was effective; therefore, test run 10 was conducted using the operating 
conditions noted below. 

Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

550 °F 
150 °F/hour 
1 hour 

In test run 10, the treatment temperature was lowered from 600 °F to 550 °F, the 
ramp rate was increased from 100 °F/hour to 150 °F/hour, and the soak time was 
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increased from zero to 1 hour to compensate for the decrease in treatment 
temperature. Table 6-18 summarizes the operating times for test run 10. 

Table 6-19 

Test Run 10: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 18:49 1:20 6:31 

Furnace Burner 19:52 0:41 4:49 

Total Ramp Time 19:52 23:38 3:46 

Soak 23:38 0:38 1:00 

Total Process Time 4:46 

The average material temperature achieved by the furnace load during the soak 
period was 559 °F, as determined by the average of the five load thermocouples. 
The highest material temperature was 642 °F; the lowest, 465 °F. A summary of 
the material load placed in the furnace during test run 10 is provided in Table 
6-20. 

Unusual Events/Changes/Observations from Test Run 10 

No unusual events, changes, or observations occurred during test run 10. 
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Table 6-20 

Test Run 10: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

ab) 

RackB 
Weight 

a^ 

Total 
Weight 

ab) 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 33 240 273 9.90 TNT 0.00 N/A 

10.80 Tetryl 0.00 N/A 

9.10 RDX 0.00 N/A 

Clay Pipe 250 250 10.10 TNT 0.00 0.00 

9.70 Tetryl 0.00 0.00 

9.40 RDX 0.00 0.00 

Cinder Block 133 629 759 10.10 TNT N/A 0.50 

9.50 Tetryl N/A 0.00 

9.00 RDX N/A 0.00 

Contaminated Steel Debris 367 — 367 N/A — 0.00 N/A 

Contaminated Rock Debris 367 — 367 N/A ... N/A 0.00 

Furnace Wall Plates N/A 49.80 TNT 0.00 N/A 

TOTALS 1,500 1,501 3,001 137.40 0.00 0.50 

6.2.11 Validation Test 11 

Validation test run 11 was started at 10:00 on 22 February 1996 and was 
completed at 14:30 on 22 February 1996. Post-treatment analysis from test run 10 
indicated complete decontamination of all spiked test specimens, spiked furnace 
wall plates, and contaminated debris with the exception of trace (0.5 ug) 
explosives-breakdown compounds on a TNT-spiked block specimen. Overall, a 
550 °F treatment temperature with a 150 °F/hour ramp, and 1-hour soak 
performed flawlessly; therefore, the conditions for test run 11 were selected in an 
attempt to fail test plates so that a lower limit treatment temperature could be 
defined. Up until this test run, most failures were related to TNT-spiked 
materials, not RDX or tetryl. The test conditions for test run 11 are noted below. 
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Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

400 °F 
150 °F/hour 
1 hour 

In test run 11, the treatment temperature was lowered from 550 °F to 400 °F, but 
the ramps and soak times remained the same at 150 °F/hour and a 1-hour soak. 
Table 6-20 summarizes the operating times for test run 11. 

Table 6-21 

Test Run 11: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 10:00 14:30 4:30 

Furnace Burner 10:47 13:33 2:46 

Total Ramp Time 10:47 12:28 1:41 

Soak 12:28 13:28 1:00 

Total Process Time 2:41 

The average material temperature achieved by the furnace load during the soak 
period was 415 °F, as measured by the average of the five load thermocouples. 
The highest material temperature reached was 491 °F; the lowest, 299 °F. 
Material thermocouple TE-207, which was located next to an RDX-spiked furnace 
wall plate, indicated a 732 °F temperature spike during the ramp. 

A summary of the material load placed in the furnace during test run 11 is 
provided in Table 6-22. 

Unusual Events/Changes/Observations from Test 11 

No unusual events, changes, or observations were observed during test run 11, 
except for the temperature spike associated with TE-207. 
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Table 6-22 

Test Run 11: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

ab) 

RackB 
Weight 

ab) 

Total 
Weight 

a^ 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ng) 

Final Ground 
Contaminant 

Cone, (jig) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 66 240 306 9.90 TNT 22.00 N/A 

9.80 Tetryl 0.00 N/A 

11.20 RDX 0.00 N/A 

Clay Pipe 205 205 10.00 TNT 0.00 7,235.00 

11.60 Tetryl 3.20 0.00 

14.50 RDX 0.00 0.00 

Cinder Block 100 627 727 4.20 TNT N/A 37,629.00 

4.70 Tetryl N/A 134.00 

12.50 RDX N/A 0.00 

Contaminated Steel Debris 367 — 367 N/A — 4.70 N/A 

Contaminated Rock Debris 367 ... 367 N/A — N/A 4.30 

Furnace Wall Plates N/A 58.90 RDX 19.10 N/A 

TOTALS 1,500 1,502 3,002 147.30 49.0 45,002.30 

6.2.12 Validation Test 12 

Validation test run 12 was started at 11:50 on 26 February 1996 and was 
completed at 18:40 on 26 February 1996. Post-treatment analysis from test run 11 
finally achieved what appeared to be gross failures. Test run 11 failed to 
decontaminate TNT-spiked porous materials, such as concrete and clay, and the 
RDX-spiked furnace wall plates, which had failed for trace levels (7.1 and 12 ug 
of RDX); and the contaminated debris still indicated levels of explosives- 
breakdown compounds. 

Despite the results from test run 11, there still had not been gross failures related 
to either RDX or tetryl. For this reason, treatment conditions for test run 12 were 
selected as noted below. 
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Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

300 °F 
200 °F/hour 
1 hour 

This treatment temperature is 100 °F below the treatment temperature for test run 
11. The ramp rate was increased from 150 °F/hour to 200 °F/hour, but the soak 
time remained at 1 hour. Table 6-23 summarizes the operating times for test run 
12. 

Table 6-23 

Test Run 12: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 11:50 18:40 6:50 

Furnace Burner 12:50 16:00 3:10 

Total Ramp Time 12:50 14:58 2:08 

Soak 14:58 15:58 1:00 

Total Process Time 3:08 

The average material temperature achieved by the furnace load during the soak 
period was 316 °F, as measured by the average of the five load thermocouples. 
The highest material temperature reached was 386 °F; the lowest, 206 °F. A 
summary of the material load placed in the furnace during test run 12 is provided 
in Table 6-24. 

Unusual Events/Changes/Observations from Test Run 12 

In order to collect temperature feedback on the furnace exit-gas temperature, TE- 
100 was moved prior to starting test run 12. The new thermocouple location is 
approximately 10 inches from the furnace shell. A Type K thermocouple was 
used, and the ADAM module was reprogrammed and calibrated to support data 
logging and monitoring. 
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Table 6-24 

Test Run 12: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

a^ 

RackB 
Weight 

a^ 

Total 
Weight 

a^ 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 69 204 309 10.70 TNT TNT still 
visible3 

N/A 

9.90 Tetryl 0/00 N/A 

9.30 RDX RDX still 
visible3 

N/A 

Clay Pipe — 204 204 6.40 TNT 490.00b 33048.00b 

8.10 Tetryl 0.00 0.00 

12.00 RDX — RDX still 
visible8 

Cinder Block 97 ... 97 17.40 TNT N/A 14566.00b 

5.30 Tetryl N/A 0.00 

10.10 RDX N/A RDX still 
visible3 

Contaminated Steel Debris 367 626 993 N/A ... 0.00 N/A 

Contaminated Rock Debris 367 ... 367 N/A ... N/A 0.00 

Furnace Wall Plates N/A 50.40 Tetryl 5.50 N/A 

TOTALS 1,500 1,500 3,000 139.60 495.50 47614.00 

"The treatment temperature (300 °F) for this test run was so low that TNT and RDX remained on many of the spiked 
specimens. The explosives appeared as though they had never been processed. These samples were rerun in a separate furnace 
run to complete decontamination. 

"The samples were reprocessed with the test plates discussed in Note a. 

6.2.13 Validation Test 13 

Validation test 12 was started at 08:06 on 27 February 1996 and was completed at 
13:15 on 27 February 1996. Results from test run 12 finally established a lower- 
level treatment temperature for RDX. Even though TNT had failed in higher 
temperature (400 °F) test runs, this is the first time "untreated" TNT remained on 
the spiked test plates and specimens. Based on these data, the remaining validation 
test runs were conducted using higher treatment temperatures. 
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Test conditions for test run 12 were defined as noted below. 

Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

500 °F 
200 °F/hour 
1 hour 

A table summarizing the operating times for test run 13 is provided in Table 6-25. 

Table 6-25 

Test Run 13: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 8:06 13:15 5:09 

Furnace Burner 8:39 11:56 3:17 

Total Ramp Time 8:39 10:51 2:12 

Soak 10:51 11:53 1:02 

Total Process Time 3:14 

The average material temperature achieved by the furnace load, as determined by 
the average of the five load thermocouples, was 511 °F. The highest material 
temperature detected was 608 °F; the lowest, 415 °F. Material thermocouple TE- 
203, which is located next to an RDX-spiked clay test specimen, had a 
temperature excursion of 1,023 °F during the ramp. 

A summary of the material load placed in the furnace during test run 13 is 
provided in Table 6-26. 

Unusual Events/Changes/Observations from Test Run 13 

A few minutes into the soak, the oxidizer control temperature began to 
malfunction. Temperature controller TIC-131, which controls the oxidizer 
temperature, was placed into MANUAL. This allowed the operator to control the 
oxidizer temperature while the malfunction was being investigated. Starting with 
the thermocouple and working backward through the loop, it was discovered that 
TIT-131 (which is a Smart programmable transmitter) had lost its calibration 
values. TTT-131 was reprogrammed and calibrated; however, after 15 minutes of 
operation the transmitter failed again. Test run 13 was completed by operating 
TIC-131 in MANUAL. Further investigation, following test run 13, determined 
the problem to be an internal problem with the transmitter. 
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Table 6-26 

Test Run 13: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

ab) 

RackB 
Weight 

a^ 
Total 

Weight 
ab) 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 42 204 282 11.10 TNT 0.00 N/A 

11.80 Tetryl 0.00 N/A 

11.40 RDX 0.00 N/A 

Clay Pipe ... 204 204 11.70 TNT 0.00 0.00 

11.00 Tetryl 0.00 0.00 

10.00 RDX 0.00 0.00 

Cinder Block 124 626 750 10.60 TNT N/A 14.40 

13.70 Tetryl N/A 0.00 

10.60 RDX N/A 0.00 

Contaminated Steel Debris 367 ... 367 N/A ... 0.00 N/A 

Contaminated Rock Debris 367 ... 367 N/A ... N/A 6.90 

Furnace Wall Plates N/A 50.50 TNT 14.70 66.00 

TOTALS 1,500 1,500 3,000 152.40 14.70 87.30 

6.2.14 Validation Test 14 

Validation test 14 was started at 11:40 on 28 February 1996 and was completed at 
16:16 on 28 February 1996. Results from test run 13 were good. All spiked and 
contaminated materials placed in the furnace were decontaminated except for a 
66 ug hit of explosives-breakdown compounds found on a TNT-spiked furnace 
plate, and a 14.4 ug hit of explosives-breakdown compounds from a TNT-spiked 
block specimen. Based on these results, test conditions for test run 14 were defined 
as noted below. 

Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

600 °F 
300 °F/hour 
1 hour 

This was the first test run that used a 300 °F/hour ramp. A summary of the 
operating times for test run 14 are provided in Table 6-27. 
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Table 6-27 

Test Run 14: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner on-line 16:16 N/A 

Furnace Burner 11:40 15:25 3:45 

Total Ramp Time 11:40 14:19 2:39 

Soak 14:18 15:21 1:03 

Total Process Time 3:41 

The average material thermocouple temperature achieved by the furnace load, as 
determined by the five load thermocouples, was 587 °F. The highest material 
temperature recorded was 703 °F; the lowest, 458 °F. Material thermocouple TE- 
207, which was located next to an RDX-spiked furnace wall plate, experienced a 
temperature spike of 924 °F during ramp. 

A summary of the material load placed in the furnace during test run 14 is 
provided in Table 6-28. 

Unusual Events/Changes/Observation from Test Run 14 

1. Due to the failure ofTTT-131 in test run 13, data from TIT-131 was still 
invalid for test run 14. A replacement transmitter was ordered, but had not 
arrived in time to support test run 14. 

2. Toward the end of the ramp period, the furnace burner shut off due to a high 
temperature interlock. Shortly thereafter, the oxidizer burner shut off because 
of the low I.D. fan discharge pressure interlock, which was triggered by a 
momentary low pressure caused when the furnace burner was reignited. This 
event repeated itself several times, before the burner successfully reignited and 
stayed lit. See Note 3 below. 

3. The ramp rate for test run 14 was programmed for 300 °F/hour. This faster 
ramp rate did not allow enough time for the heat from the chamber to soak 
into the material load; therefore, when the chamber temperature reached 600 
°F, the average material load temperature was lagging more than previously 
experienced in other test runs. As a result, the burner was required to fire 
harder once it reached treatment temperature (600 °F), and the operating 
temperatures inside the chamber increased to between 650 °F and 700 °F, 
which exceeded the set-point the furnace's high limit over-temperature 
interlock. 

MK01IOA02281012.012\VTR-S6.DOC 6-30 10/2/96 



HGD Validation Test Report 

EQUIPMENT OPERATIONS DURING VALIDATION TESTING 

Table 6-28 

Test Run 14: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

ab) 

RackB 
Weight 

a^ 

Total 
Weight 

ab) 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 27 240 267 10.60 TNT 0.00 N/A 

9.80 Tetryl 0.00 N/A 

9.60 RDX 0.00 N/A 

Clay Pipe 204 204 11.00 TNT 0.00 0.00 

10.60 Tetryl 0.00 0.00 

12.40 RDX 0.00 0.00 

Cinder Block 139 629 765 10.10 TNT N/A 0.00 

10.60 Tetryl N/A 0.00 

11.90 RDX N/A 0.00 

Contaminated Steel Debris 367 367 N/A — 0.00 N/A 

Contaminated Rock Debris 367 367 N/A — N/A 0.00 

Furnace Wall Plates N/A 52.90 RDX 0.00 0.00 

TOTALS 1,500 1,500 3,000 149.50 0.00 0.00 

6.2.15 Validation Test 15 

Validation test 15 was started at 08:05 on 1 March 1996 and was completed at 
12:38 on 1 March 1996. All spiked wall plates and test specimens were 
completely decontaminated by the operating conditions set for test run 14. Those 
same conditions were repeated for test run 15, as noted below. 

Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

600 °F 
300 °F/hour 
1 hour 

A summary of the operating times for test run 15 is provided in Table 6-29. 
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Table 6-29 

Test Run 15: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 8:05 12:38 4:33 

Furnace Burner 8:46 11:55 3:09 

Total Ramp Time 8:46 10:52 2:06 

Soak 10:52 11:52 1:00 

Total Process Time 3:06 

The average material temperature reached by the furnace load, as determined by 
the five load thermocouples, was 612 °F. This is slightly higher than the average 
material load temperature for test run 14. The highest material temperature 
recorded was 710 °F; the lowest, 555 °F. This was approximately 100 °F higher 
than observed in test run 14. Material thermocouple TE-207, which was located 
next to a tetryl-spiked furnace wall plate, indicated a temperature excursion of 
830 °F during ramp. 

A summary of the material load placed in the furnace during test run 15 is 
provided in Table 6-30. 

Unusual Events/Changes/Observations from Test Run 15 

Toward the end of the soak, the furnace burner was shut off due to an over- 
temperature interlock. As in test run 14, the ramp rate for this test run was 
programmed for 300 °F/hour. This faster ramp rate did not allow enough time for 
the heat from the chamber to soak into the material load; therefore, when the 
chamber temperature reached 600 °F, the average material load temperature was 
approximately 100 °F lower. As a result, the furnace burner was required to fire 
harder once it reached treatment temperature (600 °F), and the operating 
temperatures inside the chamber increased to between 650 and 700° F, which 
exceeded the furnace's set-point for high limit over-temperature interlock. 
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Table 6-30 

Test Run 15: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

a^ 

RackB 
Weight 

ab) 

Total 
Weight 

(lb) 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe — 240 240 9.90 TNT 0.00 N/A 

9.20 Tetryl 0.00 N/A 

9.80 RDX 0.00 N/A 

Clay Pipe — 204 204 10.20 TNT 0.00 0.00 

11.30 Tetryl 0.00 0.00 

9.80 RDX 0.00 0.00 

Cinder Block 170 626 796 7.00 TNT N/A 0.00 

8.80 Tetryl N/A 0.00 

10.50 RDX N/A 0.00 

Contaminated Steel Debris 363 ... 363 N/A 0.00 N/A 

Contaminated Rock Debris 367 ... 367 N/A N/A 1.20 

Furnace Wall Plates N/A 47.10 Tetryl 0.00 0.00 

TOTALS 1,500 1,500 3,000 133.60 0.00 1.20 

6.2.16 Validation Test 16A 

Validation test 16A was started at 15:07 on 6 March 1996 and was completed at 
17:47 on 6 March 1996. With the exception of trace (1.2 ug) explosives- 
breakdown compounds found on the contaminated debris, all spiked materials in 
test run 15 were completely decontaminated. Test run 16A was conducted with 
only TNT-spiked materials. As noted below, the treatment temperature and ramp 
were the same as those used in test run 15; however, the soak was decreased to 
zero. 

Treatment Temperature: 600° F 
Heatup (Ramp) Rate: 3007hour 
Material Soak Time: None 

A summary of operating times for test run 16A is provided in Table 6-31. 
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Table 6-31 

Test Run 16A: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 15:07 17:47 2:40 

Furnace Burner 15:31 17:20 1:49 

Total Ramp Time 15:31 17:10 1:39 

Soak 17:10 17:10 0:00 

Total Process Time 1:39 

A summary of the material load placed in test run 16A is provided in Table 6-32. 
Contaminated debris from ALAAP was not treated in this test run. 

Unusual Events/Changes/Observations from Test Run 16A 

The following process control/measurement changes were made prior to starting 
test run 16A: 

1. To avoid the furnace shutdowns experienced in test runs 14 and 15 (while 
using a 300 °F/hour ramp), furnace control thermocouple TE-200 was moved 
from the furnace chamber to the furnace exit duct. By moving the 
thermocouple location, control of the combustion chamber would now be 
based on furnace exit-gas temperature, not furnace chamber temperature. 

2. Thermocouple TE-100, which had measured the furnace exit-gas temperature, 
was moved to the I.D. fan inlet duct to measure the I.D. fan inlet gas 
temperature. 

3. The stack NOx analyzer's sample tubing was moved to the interconnection 
duct sample line, and the NOx analyzer was set up to measure nitrogen oxide 
(NO) instead of NOx. 
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Table 6-32 

Test Run 16A: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

a^ 

RackB 
Weight 

a^ 

Total 
Weight 

a^ 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe — 240 240 11.70 TNT 0.00 N/A 

10.20 TNT 0.00 N/A 

Clay Pipe — 240 204 11.10 TNT N/A 0.00 

11.30 TNT N/A 0.00 

Cinder Block 900 680 1580 10.20 TNT N/A 7962.00 

9.40 N/A 6302.00 

Furnace Wall Plates N/A 52.60 TNT 71.00 N/A 

TOTALS 1,500 1,554 3,054 116.50 71.00 14264.00 

6.2.17 Validation Tests 16B and 16C 

Validation test 16B was conducted using only tetryl-spiked materials, and was 
started at 22:06 on 6 March 1996 and completed at 00:30 on 7 March 1996. 
Validation test run 16C was conducted using only RDX-spiked materials and was 
started at 13:06 on 7 March 1996 and completed at 15:38 on 7 March 1996. 
Results from test run 16A indicated a 300 °F/hour ramp to treatment temperature 
(600 °F) with a zero soak period was not sufficient to treat TNT-contaminated 
materials. However, these conditions remained unchanged for test runs 16B and 
16C as noted below. 

Treatment Temperature: 
Heatup (Ramp) Rate: 
Material Soak Time: 

600° F 
300°F/hour 
None 

Summaries of operating times for test runs 16B and 16C are provided in Tables 
6-33 and 6-34, respectively. 
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EQUIPMENT OPERATIONS DURING VALIDATION TESTING 

Table 6-33 

Test Run 16B: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 22:06 0:30 2:24 

Furnace Burner 22:30 23:54 1:24 

Total Ramp Time 22:30 23:51 1:21 

Soak 23:51 23:51 0:00 

Total Process Time 1:21 

Table 6-34 

Test Run 16C: Furnace Operating Times 

Start Time Stop Time Total Time 

Oxidizer Burner 13:06 15:38 2:32 

Furnace Burner 13:21 15:02 1:41 

Total Ramp Time 13:21 14:53 1:32 

Soak 14:53 14:53 0:00 

Total Process Time 1:32 

Contaminated debris from ALAAP was not placed in test runs 16B or 16C. 
Summaries of the materials placed in the furnace during test runs 16B and 16C 
are provided in Tables 6-35 and 6-36, respectively. 
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EQUIPMENT OPERATIONS DURING VALIDATION TESTING 

Table 6-35 

Test Run 16B: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

a^ 

RackB 
Weight 

a^ 

Total 
Weight 

a^ 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 240 240 11.70 Tetryl 0.00 N/A 

12.50 Tetryl 0.00 N/A 

Clay Pipe 204 204 12.90 Tetryl N/A 0.60 

11.50 Tetryl N/A 0.00 

Cinder Block 900 633 1533 12.10 Tetryl N/A 191.00 

12.00 Tetryl N/A 162.00 

Furnace Wall Plates N/A 62.00 Tetryl 16.00 N/A 

TOTALS 1,500 1,507 3,007 134.70 16.00 353.60 

Table 6-36 

Test Run 16C 1: Furnace Material Load Data 

Material Type 

Independent Variables Control Variables Response Variables 

Rack A 
Weight 

a^ 

RackB 
Weight 

a^ 

Total 
Weight 

ab) 

Quantity 
Spike 

(grams) 

Explosive 
Type 

Final Wipe 
Contaminant 

Cone, (ug) 

Final Ground 
Contaminant 

Cone, (ug) 

Rack 600 430 1,030 N/A N/A N/A N/A 

Steel Pipe 240 240 10.60 RDX 0.00 N/A 

0 8.90 RDX 0.00 N/A 

Clay Pipe 204 204 11.60 RDX N/A 0.00 

0 11.10 RDX N/A 0.00 

Cinder Block 900 626 1526 10.00 RDX N/A 0.00 

13.60 RDX N/A 1.30 

Furnace Wall Plates 53.70 RDX 7.40 N/A 

TOTALS 1,500 1,500 3,000 119.50 7.40 1.30 

MK01 |O:\02281012.012WTR-S6. DOC 6-37 10/2/96 



HGD Validation Test Report 

EQUIPMENT OPERATIONS DURING VALIDATION TESTING 

Unusual Events/Changes/Observation from Test Runs 16B and 16C 

No unusual events occurred during either test run 16B or 16C. 

6.3 DEVIATIONS FROM THE TEST PLAN 

6.3.1 Data Logging 

The flame signals of the furnace and oxidizer were not monitored by the data 
logging system, because the flame safety system on both the furnace and oxidizer 
did not have the ability to provide a signal for datalog monitoring and because it is 
very difficult to transmit a flame signal over long distances (i.e., 800 ft from 
equipment to control area). Both flame signals were monitored locally. 

6.3.2 Treatment Duration (Soak Cycle) 

The Validation Test Plan stated that the soak would begin once the furnace 
chamber reached the desired steady-state treatment temperature for a particular 
test run; however, the soak actually began when the average of the five material 
load thermocouples reached the target treatment temperature for a particular test 
run. 

6.3.3 Oxidizer Residence Time 

The Validation Test Plan stated that the oxidizer gas residence time would be 
monitored; however, the temperature of the furnace exit-gas (which is needed to 
calculate the residence time) was not measured. In addition, the data-logging 
system was not set up to perform the necessary calculations, even though the 
program would be able to perform the calculation if given the necessary inputs 
from the process. Consequently, residence time was not calculated or recorded. 
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7. 
SOURCE EMISSIONS SAMPLING, 

ANALYSIS, AND RESULTS 

7.1  OVERVIEW—SOURCE EMISSIONS TESTING PROGRAM 

Stacking testing was conducted at the thermal oxidizer inlet and outlet during three 
test runs (validation tests Tl, T2, and T3) to determine system emissions and 
thermal oxidizer destruction removal efficiencies (DREs). Stack testing was 
conducted for the following parameters: 

Test Location 

Parameter 

Furnace Discharge 
(Thermal Oxidizer 

Inlet) 

Thermal 
Oxidizer 

Discharge 

Explosives X X 

Oxides of nitrogen (NOx) X X 

Total hydrocarbons (THC) X X 

Carbon dioxide (C02) and Oxygen (02) X X 

Participates X 

Hydrochloric acid (HC1) X 

Chlorine (Cl2) X 

Semivolatile organic compounds (SVOCs) X 

Dioxins/furans X 

Volatile organic compounds (VOCs) X 

Metals X 

Carbon monoxide (CO) X 

Sulfur dioxide (S02) x 

Detailed summary tables of the test data and test results, along with discussions of 
results for the source emissions measured at the furnace discharge (thermal 
oxidizer inlet) and thermal oxidizer discharge, are presented in this section. 

Detailed descriptions of all sampling and analytical methods are provided in 
Appendix A. Raw test data, equipment calibration records, and example 
calculations are provided in Appendix H. Source emissions laboratory analytical 
reports are included in Appendix I. 
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SOURCE EMISSIONS SAMPLING, ANALYSIS, AND RESULTS 

7.2 SOURCE EMISSIONS REGULATORY PERFORMANCE STANDARDS 

The HGD process is classified by federal and state regulator}' agencies as a 
thermal treatment system; therefore, federal regulatory performance standards for 
thermal treatment systems processing hazardous and toxic waste as outlined in 
Chapter 40 of the Code of Federal Regulations (40 CFR) must be followed to 
support future permitting. 

The transportable HGD system was designed to meet all applicable regulatory 
performance standards contained in the following sections of 40 CFR: 

■ Resource Conservation and Recovery Act (RCRA) incinerator standards 
specified in 40 CFR, Part 264, Subpart 0. 

■ Miscellaneous Unit standards specified in 40 CFR, Part 264, Subpart X. 

■ Boiler and Industrial Furnace (BIF) standards specified in 40 CFR, Part 266. 
Subpart H. 

■ Toxic Substances Control Act (TSCA) incinerator standards specified in 40 
CFR, Part 761.70(b). 

When appropriate, a comparison of test results to the applicable performance 
standard is included in each subsection in which source emission results are 
discussed. Source emission testing performed during the validation test program 
demonstrated the transportable HGD system satisfies the applicable performance 
standards. 

7.3 SOURCE EMISSIONS TEST RESULTS AND DISCUSSION 

7.3.1  Particulate, Hydrochloric Acid, and Chlorine 

Paniculate, hydrochloric acid (HC1), and chlorine (Cl2) emissions at the thermal 
oxidizer's discharge were sampled during validation tests Tl, T2, and T3 using 
EPA Method 0050. The filterable particulate analysis was performed using EPA 
Method 5; HCl and Cl2 determinations were performed using EPA Method 9057 
(ion chromatography) procedures. 

A summary of the particulate, HCl, and Cl2 emission results is provided in Table 
7-1. Detailed test data and test results are presented in Table 7-2. 

MK01|O:\02281012.012WTR-S7.DOC n jy 



HGD Validation Test Report 

SOURCE EMISSIONS SAMPLING, ANALYSIS, AND RESULTS 

Table 7-1 

Summary of Particulate, HCI, and Cl2 Emissions at the 
Thermal Oxidizer Discharge 

Test Run No.: 
Date: 
Time: 

Tl 
31 Jan 96 
1834-0103 

T2 
2 Feb 96 

1407-2011 

T3 
4 Feb 96 

1408-2026 Average 

Particulate, gr/dscf at 7% 02 
4.52E-04 2.22E-04 6.56E-04 4.40E-04 

HCI (ppm/v) 0.31 0.27 0.27 0.28 

lb/hr 1.77E-03 1.50E-03 1.40E-03 1.56E-03 

Cl2 (ppm/v) 0.019 0.098 0.109 0.08 

gr/dscf = grains per dry standard cubic foot, 
ppm/v = parts per million by volume. 

As shown in Table 7-1, particulate emissions for test runs Tl, T2, and T3 were 
4.52 x 10"4, 2.22 x 10"4, and 6.56 x 10" gr/dscf at 7% 02, respectively. The 
average particulate concentration was 4.4 x 10"4 gr/dscf at 7% 02. Measured 
particulate emissions were two orders of magnitude below the current standard of 
0.08 gr/dscf at 7% 02. 

HCI mass rates for tests Tl, T2, and T3 were 1.77 x 10": 1.50 x 10 , and 1.40 x 
10"3 lb/hr, respectively. The average HCI mass rate was 1.56 x 10~3 lb/hr. The 
measured HCI emissions are well below the existing mass rate standard of 4.0 
lb/hr. 

Cl2 emissions for tests Tl, T2, and T3 were 0.019, 0.098, and 0.109 ppm/v, 
respectively. The average Cl2 concentration was 0.08 ppm/v. No regulatory limit 
currently exists for Cl2 alone; however, the total HCI and Cl2 concentrations are 
well below the existing and proposed total chlorine standard of 280 ppm/v and 
67 ppm/v, respectively. 

7.3.2 Explosives 

Explosives emissions were measured simultaneously at the furnace discharge 
(thermal oxidizer inlet) and thermal oxidizer discharge. Samples were collected 
using EPA Method 0010 procedures and were analyzed by EPA Method 8330 
using high-performance liquid chromatography (HPLC). 
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Table 7-2 

Particulate, HCI, and Cl2 Test Data and Test Results 
at the Thermal Oxidizer Discharge 

TEST DATA 
Test run number 
Test location 
Test date 
Test time period 

SAMPLING DATA 
Sampling duration, min. 
Nozzle diameter, in. 
Cross sectional nozzle area, sq.ft. 
Barometric pressure, in. Hg 
Avg. orifice press, diff.. in H20 
Avg. dry gas meter temp., deg F 
Avg. abs. dry gas meter temp., deg. R 
Total liquid collected by train, ml 
Std. vol. of H20 vapor coll.. cu.ft. 
Dry gas meter calibration factor 
Sample vol. at meter cond.. dcf 
Sample vol. at std. cond.. dscf (1) 
Percent of isokinetic sampling 

STACK GAS STREAM COMPOSITION DATA 
C02, % by volume, dry basis 
02. % by volume, dry basis 
CO.% by volume, dry basis 
N2. % by volume, dry basis 
Molecular wt. of dry gas. lb/lb mole 
H20 vapor in gas stream, prop, by vol. 
Mole fraction of dry gas 
Molecular wt. of wet gas. lb/lb mole 

GAS STREAM VELOCITY AND VOLUMETRIC FLOW DATA 
Static pressure, in. H20 
Static pressure, in. Hg 
Absolute pressure, in. Hg 
Avg. temperature, deg. F 
Avg. absolute temperature. deg.R 
Pitot tube coefficient 
Total number of traverse points 
Avg. gas stream velocity, ft./sec. 
Stack/duct cross sectional area, sq.ft. 
Avg. gas stream volumetric flow, wacf/min. 
Avg. gas stream volumetric flow, dscf/min. 

LABORATORY REPORT DATA 
Total Particulate, g 
Total HCI, mg 
Total CLj. mg 

PARTICULATE EMISSIONS 
Concentration, gr/dscf 
Concentration, gr/dscf @ 7% 02 

Concentration, gr/dscf @ 12% C02 

Mass rate, lbs/hr 

HCI EMISSIONS 
Concentration, lbs/dscf 
Concentration, ppm/v 
Mass rate, lbs/hr 

CI2 EMISSIONS 
Concentration, lbs/dscf 
Concentration, ppm/v 
Mass rate, lbs/hr 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-31-06 02-02-96 02-04-96 
1834-0103 1407-2011 1408-2026 

320.0 320.0 320.0 

0.620 0.620 0.620 
0.002097 0.002097 0.002097 

29.73 29.59 30.28 
0.71 0.69 0.56 

56 49 44 

516 509 504 
294.0 285.1 244.9 

13.8 13.4 11.5 
1.0020 1.0020 1.0020 

146.538 145.049 128.758 

149.429 149.381 136.963 

103.0 105.0 103.7 

5.7 5.8 6.1 
12.1 11.9 11.9 

0.0 0.0 0.0 

82.2 82.3 82.0 

29.4 29.4 29.5 

0.085 0.082 0.078 

0.915 0.918 0.922 
28.4 28.5 28.6 

VDATA 
-0.10 -0.10 -0.10 

-O.007 -0.007 -O.007 
29.72 29.58 30.27 

1675 1655 1643 

2135 2115 2103 
0.84 0.84 0.84 

16 16 16 
16.0 15.6 14.0 
4.59 4.59 4.59 

4410 4300 3860 
990 970 900 

0.0028 0.0014 0.0038 
2.016 1.738 1.608 

0.234 1.216 1.242 

2.89E-04 1.45E-04 4.28E-04 
4.52E-04 2.22E-04 6.56E-04 
6.05E-04 2.98E-04 8.41E-04 

0.002 0.001 0.003 

2.97E-08 2.56E-08 2.59E-08 
0.31 0.27 0.27 

1.77E-03 1.50E-03 1.40E-03 

3.45E-09 1.79E-08 2.00E-08 
0.019 0.098 0.109 

2.06E-04 1.05E-03 1.08E-03 

(1) Standard conditions = 68 deg. F. (20 deg. C.) and 29.92 inHg (760 mmHg) 
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SOURCE EMISSIONS SAMPLING, ANALYSIS, AND RESULTS 

During each of the three validation test runs (Tl, T2, and T3), the following 
explosives were sampled at both the furnace and thermal oxidizer discharges: 

Octahydro-l,3,5,7-tetranitro-l,3,5,7-tetrazocine(HMX). 
Hexahydro-1,3,5-trinitro-s-triazine (RDX). 
1.3,5-f rinitrobenzene (1,3,5-TNB). 
1,3-Dinitrobenzene (1,3-DNB). 
Nitrobenzene (NB). 
2,4,6-Trinitrophenylmethylnitramine(tetryl). 
2,4,6-Trinitrotoluene (TNT). 
2,6-Dinitrotoluene (2,6-DNT). 
2,4-Dinitrotoluene (2,4-DNT). 

Sampling for explosives at both test locations was initiated once the furnace 
temperature reached approximately 250 °F. The decision to start testing at this 
temperature was based on previous studies from HWAAP indicating that no 
significant decomposition or exit-gassing of explosives occurred below 250 °F. 
Testing at both locations was conducted over a 6- to 7-hour period during each 
test run. During validation test Tl (12-hour soak time) in addition to the testing 
conducted at the 250 °F point, an additional 3 hours of explosives sampling was 
performed at the furnace discharge test location at the approximate test midpoint. 
The purpose of this midsoak test was to determine whether any explosives were 
being emitted from the furnace after 4 hours of the soak period. 

Table 7-3 summarizes the measured explosives concentrations from the furnace 
discharge and thermal oxidizer discharge. Detailed test data and test results are 
provided in Tables 7-4 and 7-5. 

Measurable quantities of TNT, tetryl, and RDX (which were introduced as spike 
to the furnace prior to each validation test) were detected at the furnace discharge 
location. In addition, smaller quantities of 1,3,5-TNB, 1,3-DNB, 2,6-DNT, and 
2,4-DNT also were measured in the furnace discharge gas stream. No HMX or 
NB was detected in the furnace discharge gas stream during any of the three 
validation test runs. 

The summary of explosive compounds measured at the thermal oxidizer discharge 
indicates that no explosives were measured at concentrations above method 
detection limits during any of the three validation tests. The absence of detectable 
explosives concentrations demonstrates the effectiveness of the thermal oxidizer in 
destroying explosives discharged from the furnace. 

During test Tl midsoak period, small quantities of RDX, 1,3,5-TNB, and TNT 
were measured at the furnace discharge location. The concentrations of these 
explosives measured during the midsoak test period, when compared to the 
concentrations measured during the initial Tl test period, indicate that virtually all 
explosives were exit-gassed during the heatup period and initial 4 hours of soak 
time. 
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Table 7-4 

Explosive Compounds Test Data and Test Results 
at the Furnace Discharge 

Tl 
TEST DATA 

Run number 
Location 
Date 
Time period 

SAMPLING DATA 
Sampling duration, min. 
Nozzle diameter, in. 
Cross sectional nozzle area. sqit. 
Barometric pressure, in. Hg 
Avg. orifice press, diff.. inHjO 
Avg. dry gas meter temp., deg F 
Avg. abs. dry gas meter temp., deg. R 
Tool liquid collected by train, ml 
Std. vol. of HjO vapor colL. cu.ft 
Dry gas meter calibration factor 
Sample voL at meter cond.. dcf 
Sample voL at std. cond. dscf (1) 
Percent of isokinetic sampling 

GAS STREAM COMPOSniONDATA 
C02, % by volume, dry basis 
02, % by volume, dry basis 
CO. % by volume dry basis 
N2. % by volume, dry basis 
Molecular wt. of dry gas. 1Mb mole 
H20 vapor in gas stream, prop by vol. 
Mole fraction of dry gas 
Molecular wt. of wet gas. lbflb mole 

GAS STREAM VELOCTrY AND VOLUMETRIC FLOW DATA 
Static pressure, in.HjO 
Static pressure, in.Hg 
Absolute pressure, in.Hg 
Avg. temperature, deg. F 
Avg. absolute temperature, deg.R 
Pitot tube coefficient 
Tohl number of traverse points 
Avg. gas stream velocity, ft./sec. 
StacÜuct cross sectional area, sq.ft. 
Avg. gas stream volumetric flow, wacf/mii. 
Avg. gas stream volumetric flow, dscfymin. 

(1) Standard conditions = 68 T (20 °C) and 29.92 inches Hg (760 mm Hg) 

Tl (MID-SOAK) T2 
FURNACE DISCHARGE 

T3 

01-31-96 02-01-96 02-02-96 02-04-96 

1832-0122 0644-1005 1405-2100 1406-2106 

410.0 180.0 415.0 420.0 

0.311 0.311 0.275 0.275 

0.000528 0.000528 0.000412 0.000412 

29.73 29.76 29.59 30.28 

1.85 1.17 0.77 0.69 

57 59 45 40 

517 519 505 500 

187.7 67.5 108.8 106.6 

8.8 3.2 5.1 5.0 

1.0060 1.0060 1.0060 1.0060 

288.854 104276 194.617 179.138 

296360 106.493 202.829 192.896 

99.7 101.4 102.5 101.0 

1.3 1.5 0.2 1.5 

19.8 19.3 19.1 19.4 

0.0 0.0 0.0 0.0 

79.0 79.2 80.7 79.1 

28.99 29.01 28.80 29.02 

0.029 0.029 0.025 0.025 

0.971 0.971 0.975 0.975 

28.7 28.7 28.5 28.7 

A 
-0.78 -1.00 -«.70 -0.90 

-O.057 -0.074 -0.051 -0.066 

29.67 29.69 29.54 30.21 

291 475 356 403 

751 935 816 863 

0.99 0.99 0.99 0.99 

1 1 1 1 

33.8 33.9 31.0 30.5 

0.492 0.492 0.492 0.492 

1000 1000 910 900 

680 540 570 540 
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Table 7-4 

Explosive Compounds Test Data and Test Results 
at the Furnace Discharge 

(Continued) 

TEST DATA 
Run number 
Location 
Date 
Time period 

EXPLOSIVES LABORATORY REPORT DATA, ug 
HMX 
RDX 
Trinitrobenzene (1.3.S-TNB) 
Dinitrobenzene (1.3-DNB) 
Nitrobenzene (NB) 
Tetryl 
2.4,6-Trinitrololuene (TNT) 
2.6Dinirrotoluene (2.&ONT) 
2,4-Dinirotohiene (2.4ÜNT) 

EXPLOSIVES CONCENTRATIONS, ng/dscm 
HMX 
RDX 
Trinitrobenzene (1,3,5-TNB) 
Dinitrobenzene (l.JWB) 
Nitrobenzene (NB) 
Tetryl 
2.4.6-Trinitrot)luene (INT) 
2.6Dinirotoluene (2.643NT) 
2.+Dinirotoluene (2.4DNT) 

EXPLOSIVES CONCENTRATIONS, Ib/dicf 
HMX 
RDX 
Trinitrobenzene (1,3.5-TNB) 
Dinitrobenzene (1,3-DNB) 
Nitrobenzene (NB) 
Tetryl 
2.4,6-Trinitrofcluene (TNT) 
2.6Dinitrotoluene (2.6-DNT) 
2.4Dinirrotoluene (2.4-DNT) 

ND<=Analyte detection limit value. 
NA = Sample was not analyzed for these compounds. 

Tl 

01-31-96 
1832-0122 

Tl (MID-SOAK) T2 
FURNACE DISCHARGE 

02-01-96 02-02-96 
0644-1005 1405-2100 

T3 

ND< 

ND< 

ND< 

ND< 

ND< 

ND< 

462.0 
1878.0 
854.0 

14.0 
1092 
316.0 

56000.0 
105.0 
76.0 

55.0 
223 £ 
1015 

1.7 
13.0 
37.7 

6672.3 
12.5 
9.1 

ND< 3.44B-09 
1.40E-08 
6.35E-09 
1.04E-10 

ND< 8.12B-10 
2.35E-09 
4.17E-07 

MX 7.81E-10 
5.65E-10 

ND< 28.60 
1.80 
8.00 

ND< 6.72 
ND< 6.72 
ND< 19.40 

151.60 
ND< 6.50 
ND< 6.50 

ND< 9.5 
0.6 
2.7 

MX 2.2 
ND< 2.2 
ND< 6.4 

50.3 
ND< 2.2 
ND< 2.2 

ND< 5.92E-10 
3.73E-11 
1.66E-10 

ND< 1.39B-10 
ND< 1.39E-10 
ND< 4.02B-10 

3.14B-09 
ND< 1.35&40 
ND< 1.35E-10 

ND< 

ND< 

MX 

MX 

MX 

MX 

MX 

MX 

MX 

462.0 
2880.0 
579.0 

9.4 
1092 
205.0 

10420.0 
21.0 

105.0 

80.4 
501.4 
100.8 

1.6 
19.0 
35.7 

1814.0 
3.7 

18.3 

5.02B-O9 
3.13E-08 
6.29E-09 
1.02E-10 
1.19E-09 
2.23E-09 
1.13E-07 
2.28E-10 
1.14E-09 

02-04-96 
1406-2106 

MX 462.0 
1170.0 
483.0 

23.0 
MX 1092 

124.0 
9960.0 

MX 105.0 
MX 105.0 

MX 84.6 
2142 

88.4 
4.2 

MX 20.0 
22.7 

1823.2 
MX 19.2 
MX 19.2 

MX 5.28E-09 
1.34E-08 
5.52E-09 
2.63E-10 

MX 1.25E-09 
1.42E-09 
1.14E-07 

MX 1.20E-09 
MX 1.20E-09 
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Table 7-4 

Explosive Compounds Test Data and Test Results 
at the Furnace Discharge 

(Continued) 

TESTDATA 
Run number 
Location 
Date 
Time period 

EXPLOSIVES EMISSION RATES, Ib/hr 
HMX 
RDX 
Trinitrobenzene (1.3.5-TNB) 
Dinitrobenzene (1.3-DNB) 
Nitrobenzene (NB) 
Tetryl 
2.4.5-TriritrotDluene (INT) 
2.6Dinirotoluene (2.frCNT) 
2.4-DiniIrotoluene (2.4-DNT) 

EXPLOSIVES CONCENTRATIONS, ppb/v 
HMX 
RDX 
Trinitrobenzene (1.3.5-TNB) 
Dinitrobenzene (1.3-DNB) 
Nitrobenzene (NB) 
Tetryl 
2.4,6-Trinitrololuene (TNT) 
2.6Dinirotoluene (2.6-DNT) 
2.4Dinirotoluene (2,4-DNT) 

EXPLOSIVES EMISSION RATES, g/iec 
HMX 
RDX 
Trinitrobenzene (1,3,5-TNB) 
Dinitrobenzene (1,3-DNB) 
Nitrobenzene (NB) 
Tetryl 
2.4.6-Trinitrotoluene (TNT) 
2.6Dinirotoluene (2,tH3NT) 
2.4Dinirotoluene (2.4DNT) 

Tl 

01-31-96 
1832-0122 

MX 

ND< 

ND< 

1.3SE-04 
5.67E-04 
2.58E-04 
4.23E-06 
3.30&05 
9.54E-05 
1.69E-02 
3.17E-05 
2.29B-05 

ND< 

ND< 

ND< 

ND< 

MX 

MX 

4.47 
24.23 
11.49 

0.24 
2.54 
3.16 

707.18 
1.65 
1.20 

1.76E-05 
7.14E-05 
3.25B-05 
5.32E-07 
4.15E-06 
1.20&O5 
2.13E-03 
3.99B-06 
2.89B-06 

Tl (MID-SOAK) T2 
FURNACE DISCHARGE 

02-OH16 02-02-96 
0644-1005 1405-2100 

SUMMARY OFDIESELRANGEORGANICS TEST RESULTS«1) 
Laboratory Report Data, ug 1540° 
Concentration, ug/dscm 1834.9 
Concentration, lb/dscf 1.15E-07 
Concentration, ppb/v <2> 31025 
Emission Rate. Ib/hr 4.65B-03 
Emission Rate, g/sec 5.86E-04 

MX = Analyte detection limit value. 
NA = Sample was not analyzed for these compounds. 
(1) The diesel range organic analysis was performed on Tl sample only. 
(2) The reported ppb/v concentrations for these compounds is calculated using the molecular weight of decane. 

MX 1.93B-05 
1.22E-06 
5.41E-06 

MX 4.54E-06 
MX 4.54E-06 
MX 1.31&05 

1.02B-04 
MX 4.39E-06 
MX 4.39E-06 

MX 0.77 
0.06 
0.30 

MX 0.32 
MX 0.44 
MX 0.54 

5.33 
MX 0.28 
MX 0.28 

MX 2.44E-06 
1.53E-07 
6.81E-07 

MX 5.72&07 
MX 5.72E-07 
MX 1.65E-06 

1.29E-05 
MX 5.54E-07 
MX 5.54E-07 

NA 
NA 
NA 
NA 
NA 
NA 

MX 

MX 

MX 

1.64E-04 
1.0ZE-03 
2.05E-04 
3.34E-06 
3.88E-05 
7.27E-05 
3.70&A3 
7.45E-06 
3.73E-05 

MX 

MX 

MX 

6.53 
54.30 
11.38 
0.23 
3.72 
2.99 

19226 
0.48 
2.41 

MX 2.07E-05 
1.29E-04 
2.59B-05 
4.20E-07 

MX 4.88E-06 
9.17E-06 
4.66E-04 
9.39E-07 

MX   4.69E-06 

NA 
NA 
NA 
NA 
NA 
NA 

T3 

02-04-96 
1406-2106 

MX 

MX 

MX 
MX 

MX 

MX 

MX 
MX 

1.80E-04 
4.56E-04 
1.88E-04 
8.97B-06 
4.26E-05 
4.84E-05 
3.89E-03 
4.1CB-05 
4.10E-05 

6.87 
23.20 

9.98 
0.60 
3.91 
1.90 

19324 
2.54 
2.54 

MX   2.27E-05 ■ 
5.75E-05 
2.37E-05 
1.13E-06 

MX 5.37E-06 
6.10E-06 
4.9CE-04 

MX   5.16E-06 
MX   5.16E-06 

NA 
NA 
NA 
NA 
NA 
NA 
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Table 7-5 

Explosive Compounds Test Data and Test Results 
at the Thermal Oxidizer Discharge 

TEST DATA 
Run number 
Location 
Date 
Time period 

SAMPUNGDATA 
Sampling duration, min. 
Nozzle diameter, in. 
Cross sectional nozzle area, sq.ft. 
Barometric pressure, in. Hg 
Avg. orifice press, diff.. in H20 
Avg. dry gas meter temp., deg F 
Avg. abs. dry gas meter temp., deg. R 
Total liquid collected by train, ml 
Std. vol. of H20 vapor coll., cu.ft. 
Dry gas meter calibration factor 
Sample vol. at meter cond., dcf 
Sample vol. at std. cond., dscf (1) 
Percent of isokinetic sampling 

GAS STREAM COMPOSITION DATA 
C02, % by volume, dry basis 
O-,. % by volume, dry basis 
CO, % by volume dry basis 
N2, % by volume, dry basis 
Molecular wt. of dry gas, lb/lb mole 
H20 vapor in gas stream, prop, by vol. 
Mole fraction of dry gas 
Molecular wt. of wet gas, lb/lb mole 

Tl T2 T3 
AFTERBURNER DISCHARGE 

0i_3i_96 03-03-96 03-04-96 
1834-0110 1406-3031 1409-3036 

360.0 
0.633 

0.003110 
39.73 

0.86 
53 

513 
343.3 

16.3 
1.0050 

176.563 
181.864 

99.5 

5.7 
13.1 
0.0 

83.3 
29.40 
0.082 
0.918 

28.5 

GAS STREAM VELOCITY AND VOLUMETRIC FLOW DATA 
Static pressure, in. H20 -0.10 
Static pressure, in. Hg -0.007 
Absolute pressure, in. Hg 29.72 
Avg. temperature, deg. F 1560 
Avg. absolute temperature, deg.R 2020 
Pitot tube coefficient 0.84 
Total number of traverse points 12 
Avg. gas stream velocity, ft./sec. 16.8 
Stack/duct cross sectional area, sq.ft. 4.587 
Avg. gas stream volumetric flow, wacf/min. 4630 
Avg. gas stream volumetric flow, dscf/min. 1100 

(1) Standard conditions = 68 °F (20 °C) and 29.92 inches Hg (760 mm Hg) 

360.0 
0.623 

0.003110 
39.59 

0.80 
43 

503 
336.0 

15.3 
1.0050 

171.137 
178.670 

101.8 

5.8 
11.9 
0.0 

83.3 
39.41 
0.079 
0.931 

38.5 

-0.10 
-0.007 

29.58 
1515 
1975 
0.84 

12 
15.8 

4.587 
4360 
1060 

360.0 
0.623 

0.003110 
30.38 
0.63 

38 
498 

231.4 
10.9 

1.0050 
145.923 
157.476 

97.8 

6.1 
11.9 
0.0 

82.0 
29.45 
0.065 
0.935 

28.7 

-0.10 
-0.007 

30.27 
1510 
1970 
0.84 

12 
13.9 

4.587 
3840 

970 
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Table 7-5 

Explosive Compounds Test Data and Test Results 
at the Thermal Oxidizer Discharge 

(Continued) 

TEST DATA 
Run number 
Location 
Date 
Time period 

EXPLOSIVES LABORATORY REPORT DATA, ug 
HMX 
RDX 
Trinitrobenzene (1,3.5-TNB) 
Dinitrobenzene (1,3-DNB) 
Nitrobenzene (NB) 
Tetryl 
2.4,6-Trinitrotoluene (TNT) 
2.6 Dinitrotoluene (2,6-DNT) 
2,4-Dinitrotoluene (2,4-DNT) 

EXPLOSIVES CONCENTRATIONS, ug/dscm 
HMX 
RDX 
Trinitrobenzene (1,3.5-TNB) 
Dinitrobenzene (1.345NB) 
Nitrobenzene (NB) 
Tetryl 
2,4.6-Trinitrotoluene (TNT) 
2,6 Dinitrotoluene (2,6-DNT) 
2.4-Dinitrotoluene (2,4-DNT) 

EXPLOSIVES CONCENTRATIONS, lb/dscf 
HMX 
RDX 
Trinitrobenzene (1,3.5-TNB) 
Dinitrobenzene (1,3-DNB) 
Nitrobenzene (NB) 
Tetryl 
2.4.6-Trinitrotoluene (TNT) 
2.6 Dinitrotoluene (2,6-DNT) 
2,4-Dinitrotoluene (2.4-ONT) 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-31-96 02-02-96 02-04-96 
1834-0110 1406-2031 1409-2036 

NEX 26.40 NEx 28.60 NEX 28.60 

NEX 12.00 NEX 13.00 NEX 13.00 

NEX 6.00 NEX 6.50 NEX 6.50 

ND< 6.24 NEX 6.72 NEX 6.72 

NEX 6.24 NEX 6.72 NEX 6.72 

ND< 18.00 NEX 19.40 NEX 19.40 

NEX 6.00 NEX 6.50 NEX 6.50 

NEX 6.00 NEX 6.50 NEX 6.50 

NEX 6.00 NEX 6.50 NEX 6.50 

NEX 5.13 NEX 5.65 NEX 6.41 

NEx 2.33 NEX 2.57 NEX 2.91 

NEX 1.16 NEX 1.28 NEX 1.46 

NEX 1.21 NEX 1.33 NEX 1.51 

NEX 1.21 NEX 1.33 NEX 1.51 

NEX 3.49 NEX 3.83 NEX 4.35 

ND< 1.16 NEX 1.28 NEx 1.46 

NEX 1.16 NEX 1.28 NEX 1.46 

NEX 1.16 NEX 1.28 NEx 1.46 

NEX 3.20E-10 NEX 3.53E-10 NEX 4.00E-10 

NEX 1.45E-10 NEX 1.60E-10 NEX 1.82E-10 

NEX 7.27E-11 NEX 8.02E-11 NEX 9.10E-11 

NEX 7.56E-11 NEX 8.29E-11 NEX 9.41E-11 

NEX 7.56E-11 NEX 8.29E-11 NEX 9.41E-11 

NEX 2.18E-10 NEX 2.39E-10 NEX 2.72E-10 

NEX 7.27E-11 NEX 8.02E-11 NEx 9.10E-11 

NEX 7.27E-11 NEX 8.02E-11 NEX 9.10E-11 

NEX 7.27E-11 NEX 8.02E-11 NEX 9.10E-11 

NEX = Analyte detection limit value. 
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Table 7-5 

Explosive Compounds Test Data and Test Results 
at the Thermal Oxldizer Discharge 

(Continued) 

TEST DATA 
Run number 
Location 
Date 
Time period 

EXPLOSIVES EMISSION RATES, lb/hr 
HMX 
RDX 
Trinitrobenzene (1,3.5-TNB) 
Dinitrobenzene (1,3-DNB) 
Nitrobenzene (NB) 
Tetryl 
2,4.6-Trinitrotoluene (TNT) 
2,6 Dinitrotoluene (2,6-DNT) 
2.4-Dinitrotoluene (2,4-DNT) 

EXPLOSIVES CONCENTRATIONS, ppb/v 
HMX 
RDX 
Trinitrobenzene (1.3,5-TNB) 
Dinitrobenzene (1,3-DNB) 
Nitrobenzene (NB) 
Tetryl 
2,4,6-Trinitrotoluene (TNT) 
2,6 Dinitrotoluene (2,6-DNT) 
2,4-Dinitrotoluene (2.4-DNT) 

EXPLOSIVES EMISSION RATES, g/scc 
HMX 
RDX 
Trinitrobenzene (1,3,5-TNB) 
Dinitrobenzene (1,>DNB) 
Nitrobenzene (NB) 
Tetryl 
2,4.6-Trinitrotoluene (TNT) 
2.6 Dinitjotoluene (2,6-DNT) 
2.4-Dinitrotoluene (2,4-DNT) 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-31-06 02-02-96 02-04-96 
1834-0110 1406-2031 1 409-2036 

NEX 2.12E-05 NEX 2.25B-05 NEX 2.34E-05 

ND< 9.63E-06 NEX 1.02E-05 NEX 1.06E-05 

ND< 4.82E-06 * NEX 5.10E-06 NEX 5.31E06 

ND< 5.01E-06 NEX 5.28E-06 NEX 5.49E-06 

NEX 5.01E-06 NEX 5.28E-06 NEX 5.49E-06 

MX 1.44E-05 NEX 1.52E-05 NEX 1.59E-05 

NEX 4.82E-06 NEX 5.10E-O6 NEX 5.31B-06 

NTX 4.82B-06 NEX 5.10E-06 NEX 5.31E-06 

ND< 4.82E-06 NEx 5.10E-06 NEX 5.31E-06 

NEX 0.42 NEX 0.46 NEX 0.52 

ND< 0.25 NEX 0.28 NEX 0.32 

NEx 0.13 NEX 0.15 NEX 0.16 

NEX 0.17 NEX 0.19 NEX 0.22 

ND< 0.24 NEX 0.26 NEX 0.29 

NEX 0.29 NEX 0.32 NEX 0.36 

NEX 0.12 NEX 0.14 NEX 0.15 

NEX 0.15 NEX 0.17 NEX 0.19 

NEX 0.15 NEX 0.17 NEX 0.19 

NEX 2.67E-06 NEX 2.83E-06 NEX 2.95E-06 

NEX 1.21E-06 NEX 1.29E-06 NEX 1.34E-06 

NEX 6.07E-07 NEX 6.43E-07 NEX 6.69E-07 

NEX 6.31E-07 NEX 6.65E-07 NEX 6.92E-07 

NEX 6.31E-07 NEX 6.65E-07 NEX 6.92E-07 

NEX 1.82E-06 NEX 1.92E-06 NEX 2.00E-06 

NEX 6.07E-07 NEX 6.43E-07 NEX 6.69E-07 

NEX 6.07E-07 NEX 6.43E-07 NEX 6.69E-07 

NEX 6.07E-07 NEX 6.43E-07 NEX 6.69E-07 

NEX = Analyte detection limit value. 
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HGD Validation Test Report 

SOURCE EMISSIONS SAMPLING, ANALYSIS, AND RESULTS 

7.3.2.1 Explosives Removal Efficiencies 

Table 7-6 presents the calculated removal efficiencies (REs) for TNT, tetryl, and 
RDX. The overall system RE is based on the total quantities of TNT, tetryl, and 
RDX introduced to the furnace (converted to Ib/hr based on the total test time) and 
the thermal oxidizer discharge mass rate (lb/hr) determined for each explosive. 
The thermal oxidizer RE is based on the explosive mass rates determined at the 
furnace discharge and thermal oxidizer discharge. All RE values are reported as 
greater because no explosives were measured at concentrations above the method 
detection limit at the thermal oxidizer discharge. 

Overall System Removal Efficiency 

As shown in Table 7-6, a >99.99% RE was demonstrated for TNT during test Tl. 
The remaining RE values ranged from >99.79% (Tl for tetryl) to >99.97 % (T2 
for RDX). The overall system RE is dependent on the amount of explosive 
material introduced to the furnace prior to each test. Because of health and safety 
concerns, the quantities of explosives were kept to a minimum, thus limiting the 
ability to consistently demonstrate >99.99% RE. An additional low bias is 
introduced into the RE calculation by assuming that RE is constant throughout the 
entire test period. In actuality, the explosives removal varies over time and with 
temperature. The conversion of the total mass of explosives to a lb/hr mass rate 
(based on total test time) for the purpose of calculating overall RE introduces a 
low bias and understates the actual RE. 

Thermal Oxidizer Removal Efficiency 

As shown in Table 7-6, the thermal oxidizer RE ranged from > 67.15% to 
99.97%. These seemingly low REs do not necessarily reflect poor thermal oxidizer 
performance, but reflect the inherent bias in the RE calculation when discharge 
concentrations are below detection limits. The thermal oxidizer RE is a function of 
the mass rates of explosives measured at the furnace discharge and thermal 
oxidizer discharge. A significant amount of TNT, tetryl, and RDX decomposed 
prior to the thermal oxidizer discharge test location. The calculated thermal 
oxidizer RE values are not a true indicator of the thermal oxidizer's ability to 
remove explosives, but are based on the actual amount of explosives measured at 
the thermal oxidizer inlet. As shown in Table 7-3, no detectable concentrations 
were determined to be present at the thermal oxidizer discharge. 

7.3.3 Semivolatile Organic Compounds 

A summary of the SVOCs detected in the thermal oxidizer discharge gas stream is 
presented in Table 7-7. Detailed test data and test results are provided in Table 
7-8. 
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Table 7-7 

Summary of SVOCs Detected at the Thermal Oxidizer Discharge 

Test Run No.: 
Date: 
Time: 

SVOC Emissions at Thermal Oxidizer Discharge (ppb/v) 

Tl 
31 Jan 96 
1834-0110 

T2 
2 Feb 96 

1406-2031 

T3 
4 Feb 96 

1409-2036 

Parameter 

Diethylphthalate 0.168 J 0.73 J ND 

Pentachlorophenol 0.05 J 0.25 J ND 

Di-n-butylphthalate 0.08 J ND ND 

Benzo(a)anthracene ND 0.06 J ND 

Chrvsene ND 0.04 J ND 

bis(2-Ethylhexyl)phthalat( 0.28 JB 0.13 JB 0.15 JB 

Di-n-octylphthalate ND 0.02 J ND 

J =       Detected in samples in quantities less than the detection limits. 

B =      Detected in field blank in quantities greater than the samples; therefore, sample values are not blank. 

ND =     Nondetect, indicates values less than detection limits; detection limits are provided in Appendix I. 

MK01 |O:\02281012.012\VTR-S7.DOC 7-15 
9/30/96 



Table 7-8 

SVOC Test Data and Test Results at the Thermal Oxidizer Discharge 

Tl 
TEST DATA 

Run number 
Location 
Dale 
Time period 

SAMPLING DATA 
Sampling duration, min. 
Nozzle diameter, in. 
Cross sectional nozzle area, sq.ft. 
Barometric pressure, in. Hg 
Avg. orifice press, diff.. in H.0 
Avg. dry gas meter temp., deg F 
Avg. abs. dry gas meter temp., deg. R 
Total liruid collected by train, ml 
Std vol. of H»0 vapor coll.. caft 
Dry gas meter calibration factor 
Sample vol. at meter cond. dcf 
Sample vol. at std. cond, dscf (1) 
Percent of isokinetjc sampling 

GAS STREAM COMPOSITION DATA 
CO,. % by volume, dry basis 
O,, % by volume, dry basis 
CO. % by volume dry basis 
N2. % by volume, dry basis 
Molecular wt. of dry gas. lb/lb mole 
H20 vapor in gas stream, prop, by vol. 
Mole fraction of dry gas 
Molecular wt of wet gas. lb/lb mole 

GAS STREAM VELOCITY AND VOLUMETRIC ELOWDATA 
Static pressure, in. H,0 
Static pressure, in. Hg 
Absolute pressure, in. Hg 
Avg. temperature, deg. F 
Avg. absolute temperature, deg.R 
Phot tube coefficient 
Total number of traverse points 
Avg. gas stream velocity, ft/sec. 
Stack/duct cross sectional area, sq.ft. 
Avg. gas stream volumetric flow. wacfAnin. 
Avg. gas stream volumetric flow, dscf/min. 

(1) Standard conditions = 68 °F (20 °C) and 29.92 inches Hg (760 mm Hg) 

T2 T3 
AFTERBURNER DISCHARGE 

01-31-96                           02-02-96 02-04-96 
1834-0110                         1406-2031 1409-2036 

360.0 360.0 360.0 

0.622 0.622 0.622 

0.002110 0.002110 0.002110 

29.73 29.59 30.28 

0.86 0.80 0.62 

53 43 38 

513 503 498 

343.2 326.0 231.4 

16.2 15.3 10.9 

1.0050 1.0050 1.0050 

176.562 171.137 145.923 

181.864 178.670 157.476 

99.5 101.8 97.8 

5.7 5.8 6.1 

12.1 11.9 11.9 

0.0 0.0 0.0 

82.2 82.3 82.0 

29.40 29.41 29.45 

0.082 0.079 0.065 

0.918 0.921 0.935 

28.5 28.5 28.7 

A 
-0.10 -0.10 -0.10 

-0.007 -0.007 -0.007 

29.72 29.58 30.27 

1560 1515 1510 

2020 1975 1970 

0.84 0.84 0.84 

12 12 12 

16.8 15.8 13.9 

4.587 4.587 4.587 

4630 4360 3840 

1100 1060 970 

MK01IOA02281012.012\VTR-S7.DOC 7-16 
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Table 7-8 

SVOC Test Data and Test Results at the Thermal Oxidizer Discharge 
(Continued) 

TEST DATA 
Run number 
Location 
Date 
Time period 

SEMI-VOLATILE ORGANICS 
Phenol 
Bis (2-chloroethyl) ether 
2-Chlorophenol 
1.3-üi:hlorobeiizene 
1.4-Dichlorobenzene 
Benzyl Alcohol 
1.2-Dichlorobenzene 
2-Methylphenol 
bis (2-Cnloroisopropyl) ether 
4-Methylphenol 
n-Nittoso-<frn-propylamine 
Hexachloroetbane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
Z4-Dimethylphenol 
Benzoic acid 
Bis (2-cMoroethoxy^methane 
Z4-Dichlorophenol 
l.Z4-Trichlorobenzene 
Naphthalene 
4-Chloroanaline 
Hexachlorobutadiene 
4-chloro-3-methylphenol 
2-Methylnaphthalene 
Hexacbiorocyclopentadiene 
Z4.6-Trichlorophenol 
Z4.5-Trichlorophenol 
2-CUoronaphthalene 
2-Nitroaniline 
Dimethylphrhalate 
Acenaphthylene 
2,6-DinitrotDluene 
3-Nitroanilir«: 
Acenaphtbene 
Z4-Dinit7ophenol 
4-Nitrophenol 
Dibenzofuran 
Z4-Cinitrotoluene 
Dfethylpmalate 
4-Chlorophenyl-phenyl ether 
Fluorene 
4-Nrtroaruline 
4,6Cinitro-2-memylphenol 
n-Nitrosodiphenylamme 
4-Bromophenyl-phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Dr-n-butylphthalate 
Huoranthene 
Pyrene 
Butylbenzylphthalate 
3.3'-Oichlorobenzidine 
Benzo(a)anrhracene 
Chrysene 
bis(2-Emylhexyl)phtbalate 
D™-octylphthahte 
Benzo(b)fluoran1hene 
Benzo(k)fluoranrhene 
Benzo(a)pyrene 
Indeno(l ,Z3-cd)pyrene 
Dibenzo(a.h)anrhracene 
Benzo(g.h.i)perylene 
Carbazole 
Diesel Range Organics <'> 

Tl                                     T2 T3 
AFTERBURNER DISCHARGE 

01-31-96           02-02-96 02-04-96 
1834-0110          1406-2031 1409-2036 

LABORATORYREPORTDATA, 
ND< 
MX 
MX 
NIX 
ND< 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

1440 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

1440 
300 

1440 
300 
300 
300 

1440 
300 

1440 
1440 
300 
300 

8J 
300 
300 

1440 
1440 

300 
300 
300 

3J 
300 
300 

5J 
300 
300 
300 
600 
300 
300 

23 JB 
300 
300 
300 
300 
300 
300 
300 
300 

6000 

MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 
MX 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

1440 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

1440 
300 

1440 
300 
300 
300 

1440 
300 

1440 
1440 

300 
300 

34 J 
300 
300 

1440 
1440 

300 
300 
300 

14 J 
300 
300 
300 
300 
300 
300 
600 

3J 
2J 

11 JB 
2J 

300 
300 
300 
300 
300 
300    ' 
300 
NA 

MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
NEX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

1440 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

1440 
300 

1440 
300 
300 
300 

1440 
300 

1440 
1440 
300 
300 
300 
300 
300 

1440 
1440 

300 
300 
300 

1440 
300 
300 
300 
300 
300 
300 
600 
300 
300 
11JB 

300 
300 
300 
300 
300 
300 
300 
300 
NA 

"MX(....)" = Analyte detection limit value. 
B=Detected in the field blank in quantises greater than the sample, therefore sample values are not blank corrected. 
3=Detected in the samples in quantities less man the calibration detection limit 
(1) Diesel range organics analysis performed on Tl sample only. 
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Table 7-8 

SVOC Test Data and Test Results at the Thermal Oxidizer Discharge 
(Continued) 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-31-96 02-03-96 03-04-96 

TEST DATA 
Run number 
Location 
Date 
Time period 

SEMTVOLATILE ORGANICS CONCENTRATIONS, 
Phenol 
Bis (2-chloroemyl) ether 
2-Chlorophenol 
1,3-DKhlorobenzene 
1,4-Dichlorobenzene 
Benzyl Alcohol 
1.2-Dichlorobenzene 
2-Methylpnenol 
bis (3-CMoroisopropyl) ether 
4-Methylphenol 
rtNitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
ZW)imethylphenol 
Benzoic acid 
Bis (2-chloroethoxy)-methane 
Z4Dichlorophenol 
l,Z4-Trichlorobenzene 
Naphthalene 
4-Chloroanaline 
Hexachlorobutadiene 
4-chloro-3-methylphenol 
2-Methylnaphthaleiie 
Hexachlorocyclopentadiene 
24,6-Trichlorophenol 
Z4.5-Trichloiophenol 
2-Chloronaphthalene 
2-Nitroanüine 
Dimemylphthalate 
Acenaphthylene 
2.6-Dinitrotoluene 
J-Nitroanfline 
Acenaphthene 
Z4-Dmitrophenol 
4^sJnrophenol 
Dibenzofuran 
Z4-Dinitrotoluene 
Dfethylpthalate 
4-Chlorophenyl-plEI>y1 emer 

Huorene 
4-Nitroanuine 
4.6-Dinitro-2-methylpbenol 
n-Nitrosodiphenylamine 
4-BromophenyH4enyl ether 
Hexachlorobenzene 
Penrachlorophenol 
Phenanmrene 
Anüuacene 
Di-n-butylphnialate 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo(a)anmracene 
Chrysene 
bis(2-Bhylhexyl)phtbalate 
Di-n-octylphthalatE 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo{a)pyrene 
Indeno(l.Z3-cd)pyrene 
Dibenzola.h anthracene 
Benzo(g.h,i)perylene 
Carbazole 
Diesel Range Organics C> 

"ND<(....y =Analyte detection limit value. 
B=Detected in me feld blank in quantities greater than the sample, therefore sample values are not blank corrected. 
J=Detecled in the samples in quantities less than me calibration detection limit 
(1) Diesel range organics analysis performed on Tl sample only. 

1834-0110 1406-2031 1409-2036 

Jäacm 
ND< 58.25 MX 59.29 MX 67.27 

ND< 58.25 MX 59.29 MX 67.27 

MX 58.Z5 NIX 59.29 MX 67.27 

ND< 58.Z5 MX 59.29 MX 67.27 

ND< 58.Z5 MX 59.29 MX 67.27 

ND< 58.Z5 NIX 59.29 MX 67.27 

MX 58.25 MX 59.29 NIX 67.27 

MX 58.15 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29     ■ MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 279.59 MX 284.59 MX 322.89 

MX 58.25 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 279.59 MX 284.59 MX 322.89 

MX 58.25 MX 59.29 MX 67.27 

MX 279.59 MX 284.59 MX 322.89 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 279.59 MX 284.59 MX 322.89 

MX 58.Z5 MX 59.29 MX 67.27 

MX 279.59 MX 284.59 MX 322.89 

MX 279.59 MX 284.59 MX 322.89 

MX 58.25 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

1.55 J 6.72 J MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 279.59 MX 284.59 MX 322.89 

MX 279.59 MX 284.59 MX 322.89 

MX 58.25 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 
0.58 J 2.77 J MX 322.89 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 
0.97 J MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.269 

MX 116.50 MX 118.58 MX 134.54 

MX 58.Z5 0.59 J MX 67.27 

MX 58.Z5 0.40 ] MX 67.27 
4.47 JB 2.17 JB 2.47 JB 

MX 58.25 0.40 J MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 
MX 58.Z5 MX 59.29 MX 67.27 

MX 58.Z5 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 58.25 MX 59.29 MX 67.27 

MX 1164.96 NA NA 
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Table 7-8 

SVOC Test Data and Test Results at the Thermal Oxidizer Discharge 
(Continued) 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-31-96 02-02-96 02-04-96 
1834-0110 1406-2031 1409-2036 

TEST DATA 
Run number 
Location 
Date 
Time period 

SEMIVOLATILE ORGANICS CONCENTRATIONS, 
Phenol 
Bis (2-chloroethyl) ether 
2-ChloropheDol 
1,3-Dichlorobenzene 
1.4-Dkhlorobenzene 
Benzyl Alcohol 
1.2-Dichlorobenzene 
2-Methylpbenol 
bis (2-Chloroisopropyl) ether 
4-Methylphenol 
n-Nrtroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
Z4-Dimethylphenol 
Benzoic acid 
Bis (2-chloroethoxyymethane 
2,4-Dichlorophenol 
l.Z4-Trk;hlorobenzeiie 
Naphthalene 
4-Chloroanaline 
Jfcxachlorobutidiene 
4-chloro-3-merhylphenol 
2-Methylnaphthalene 
Haachlorocyclopentadiene 
Z4.6-Trichlorophenol 
Z4,5-Trichlorophenol 
2-CrJoro naphthalene 
2-Nitroanilme 
Dimefhylphfhalate 
Acenaphthylene 
2,6-DinitrotDlueDe 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2.4-Dinitrotoluene 
Dierhylpdnlate 
4-Chlorophenyl-phenyl ether 
Huorene 
4-Nhtoanfline 
4.6-Dinitro-2-methylphenol 
n-Nrlrosodiphenylamine 
4-BromophenyHihenyl ether 
Hexachlorobenzene 
Pen&chlorophenol 
Phenanthrcne 
Anthracene 
Di-n-butylphtbalate 
Huoranthene 
Pyrene 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(2-Bhylhexyl)phthalate 
DHhoctylphrhalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,ZJ-cd)pyiene 
Dibenzo(a.h)anthracene 
Benzo(g,h,i)perylene 
Carbazole 
Diesel Range Organics <'> 

"ND<(....)" = Analyte detection limit value. 
B=Detected in the ffcld blank in quantises greater than the sample, therefore sample values are not blank corrected. 
J=Detected in the samples in quantities less than the calibration detection limit 
(1) Desel range organics analysis performed on Tl sample only. 

lb/dscf 
MX 3.64&09 MX 3.70E-O9 MX 4.20E-09 

MX 3.64E-09 MX 3.70E-09 MX 4.20&O9 

ND< 3.64E-09 MX 3.70E-09 MX 4.20E-09 

ND< 3.64&09 MX 3.70E-09 MX 4.20E-09 

NLX 3.64B-09 MX 3.70E-09 MX 4.20E-O9 

MX 3.64E-09 MX 3.70&O9 MX 4.20E-09 

MX 3.64B-09 MX 3.70E-O9 MX 4.20E-O9 

MX 3.64&09 MX 3.70E-09 MX 4.20E-09 

MX 3.64E-09 MX 3.70&09 MX 4.20E-09 

MX 3.64&09 MX 3.70E-O9 MX 4.20E-09 

MX 3.64E-09 MX 3.70E-O9 MX 4.20B-09 

NEX 3.64E-09 MX 3.70E-09 MX 4.20&O9 

MX 3.64B-09 MX 3.70&09 MX 4.20&O9 

MX 3.64E-09 MX 3.70E-09 MX 4.20E-09 

ND< 3.64E-09 MX 3.70E-O9 MX 4.20&O9 

MX 3.64E-09 MX 3.70E-09 MX 4.20E-09 

MX 1.75&08 MX 1.78&08 MX 2.02E-08 

MX 3.64E-09 MX 3.70&09 MX 4.20E-09 

MX 3.64E-09 MX 3.70E-O9 MX 4.20E-09 

MX 3.64&09 MX 3.70&O9 MX 4.20E-09 

MX 3.64&09 MX 3.70E-09 MX 4.20B-O9 

MX 3.64&09 MX 3.70E-09 MX 4.20E-09 

MX 3.64E-09 MX 3.70&09 MX 4.20E-09 

MX 3.64E-09 MX 3.70E-09 MX 4.20E-09 

MX 3.64&09 MX 3.70E-09 MX 4.20E-O9 

MX 3.64&09 MX 3.70&O9 MX 4.20E-09 

MX 3.64&09 MX 3.70E-09 MX 4.20&O9 

MX 1.75B-08 MX 1.78E-08 MX 2.02E-08 

MX 3.64E-09 MX 3.70&09 MX 4.20&09 

MX 1.75E-08 MX 1.78E-08 MX 2.02E-08 

MX 3.64E-09 MX 3.70E-09 MX 4.2Ü&09 

MX 3.64E-09 MX 3.70&O9 MX 4.20E-09 

MX 3.64&09 MX 3.70E-09 MX 4.20E-09 

MX 1.75E-08 MX 1.78E-08 MX 2.02&O8 

MX 3.64E-09 MX 3.70E-09 MX 4.20E-O9 

MX 1.75&08 MX 1.78E-08 NLX 2.02B-08 

MX 1.75E-08 MX 1.78&08 MX 2.02E-08 

MX 3.64B-09 MX 3.70E-09 MX 4.20&09 

MX 3.64&09 MX 3.70B-09 MX 4.20E-O9 

9.70E-11 J 4.20E-10 J MX 4.20&O9 

MX 3.64E-09 MX 3.70E-09 MX 4.20E-O9 

MX 3.64&09 MX 3.7Q&09 MX 4.20E-09 

MX 1.75E-08 MX 1.78E-08 MX 2.02E-08 

MX 1.75E-08 MX 1.78B-08 MX 2.02E-08 
MX 3.64&09 MX 3.70&09 MX 4.2C&09 

MX 3.64E-09 MX 3.70E-09 MX 4.20&O9 

MX 3.64E-09 MX 3.70E-09 MX 4.20&O9 

3.64E-11 J 1.73E-10 J MX 2.02B-08 

MX 3.64&09 MX 3.7CE-09 MX 4.20&09 

MX 3.64B-09 MX 3.70&09 NLX 4.20&O9 

6.06E-11 J MX 3.70B-O9 MX 4.20E-09 

MX 3.64&09 MX 3.70E-09 MX 4.20&09 

MX 3.64&09 MX 3.70E-09 MX 4.20&09 

MX 3.64&09 MX 3.70B-09 MX 4.20B-09 

MX 7.27&09 MX 7.40&O9 MX 8.40&09 
MX 3.64&09 3.70B-11 J MX 4.20B-09 

MX 3.64B-09 2.47E-11 J MX 4.20E-O9 
2.79B-10 JB 1.36B-10 JB 1.54B-10 JB 

MX 3.64E-09 2.47E-11 J MX 4.20E-09 
MX 3.64&09 MX 3.7CE-09 MX 4.20E-09 

MX 3.64E-09 MX 3.70&O9 MX 4.20E-09 
MX 3.64E-09 MX 3.70B-O9 MX 4.20&09 

MX 3.64E-09 MX 3.70B-09 NLX 4.20EO9 
MX 3.64&09 MX 3.70&09 MX 4.20&O9 

MX 3.64&09 MX 3.70E-O9 NLX 4.20&O9 

MX 3.64E-09 MX 3.70&O9 MX 4.20E-09 
MX 7.27&08 NA NA 
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Table 7-8 

SVOC Test Data and Test Results at the Thermal Oxidizer Discharge 
(Continued) 

TEST DATA 
Run number Tl T2 T3 

Location AFTERBURNER DISCHARGE 
Dale 01-31-96 02-02-96 02-04-96 

Time period 1834-0110 1406-2031 1409-2036 

SEMIVOLATttE ORGANICS EMISSION RESULTS, Ib/hr 
Phenol NEX 2.41B-04 MX 2.36&04 MX 2.45E-04 

Bis (2-chloroethyl) ether ND< 2.41E-04 MX 2.36E-04 MX 2.45&04 

2-Chlorophenol 
1.3-Dichlorobenzene 

MX 2.41E-04 MX 2.36E-04 MX 2.45E-04 
NEX 2.41E-04 MX 2.36E-04 MX 2.45&Ö4 

1.4-Dichlorobenzene MX 2.41&04 MX 2.36B-04 MX 2.45B-04 

Benzyl Alcohol 
1,2-Dichlorobenzene 

MX 2.41&04 MX 2.36E-04 MX 2.45E-04 
MX 2.41B-04 MX 2.36E-04 MX 2.45E-04 

2-Methylphenol 
bis (2-Chloroisopropyl) ether 
4-Methylpbenol 
n-Nitroso-di-n-propyhmine 
Hexachlorcemane 

MX 2.41E-04 MX 2.36E-04 MX 2.45E-04 
MX 
MX 

2.41E-04 
2.41&04 

MX 
MX 

2.36E-04 
2.36&04 

MX 
MX 

2.45&04 
2.45E-04 

MX 
MX 

2.41E-04 
2.41E-04 

MX 
MX 

2.36E-04 
2.36E-04 

MX 
MX 

2.45E-04 
2.45E-04 

Nitrobenzene MX 2.41B-04 MX 2.36&04 MX 2.45E-04 

Isophorone 
2-Nhrophenol 
2.4-Dimemylphenol 
Benzoic acid 

MX 2.41E-04 MX 2.36E-04 MX 2.45&<W 
MX 2.41E-04 MX 2.36E-04 MX 2.45E-04 
MX 2.41&04 MX 2.36E-04 MX 2.45E-04 
MX 1.16E-03 MX 1.13&03 MX 1.18&03 

Bis (2-chloroethoxy)^nethane MX 2.41&04 MX 2.36E-04 MX 2.45E-04 

2.4-Dichlorophenol 
1.2.4-Trichlorobenzene 

MX 2.41E-04 MX 2.36E-04 MX 2.45B-04 
MX 2.41E44 MX 2.36E-04 MX 2.45E-04 

Naphthalene 
4-Chloroanaline 

MX 2.41E-04 MX 2.36B-04 MX 2.45E-04 
MX 2.41E-04 MX 2.36E-04 MX 2.45E-04 

Hexachlorobutadiene MX 2.41E-04 MX 2.36E-04 MX 2.45&04 

4-chloro-3-memylphenol MX 2.41&04 MX 2.36E-04 MX 2.45E-04 

2-Methylnaphthalene 
Hexachlorccyclopentadiene 

MX 2.41&04 MX 2.36&04 MX 2.45E-04 
MX 2.41E-04 MX 2.36E-04 MX 2.45E-04 

Z4.6-Trichlorophenol MX 2.41E-04 MX 2.36&04 MX 2.45E-04 

Z4.5-Trichlorophenol MX 1.16E-03 MX 1.13E-03 NEX 1.18E-03 

2-Chlororaphthalene MX 2.41&04 MX 2.36E-04 MX 2.45E-04 

2-Nitroaniline MX 1.16E-03 MX 1.13E-03 MX 1.18E-03 

Dimethylphlhalate MX 2.41E-04 MX 2.36E-04 MX 2.45E-04 

Acenaphthylene MX 2.41E-04 MX 2.36&04 MX 2.45&04 

Z6-Dinitrotoluene MX 2.41&04 MX 2.36E-04 MX 2.45E-04 

3^itroaniline MX 1.16E-03 MX 1.13&03 MX 1.18&03 

Acenaphthene MX 2.41E-04 MX 2.36&04 MX 2.45E-04 

2.4-Dinitrophenol MX 1.16E03 MX 1.13&03 MX 1.18B-03 

4-Nitrophenol MX 1.16E-03 MX 1.13&03 MX 1.18&03 

Dibenzofuran MX 2.41B04 MX 2.36&04 MX 2.4SE-04 
2.4-Dinitrotoluene MX 2.41E-04 MX 2.36B-04 MX 2.45&04 
Diethyrpthalate 6.42E-06 J 2.67E-05 J MX 2.45&04 
4-Chlorophenyl-phenyl ether MX 2.41E-04 MX 2.36E-04 MX 2.45E-04 
Huorene MX 2.41E-04 MX 2.36E-04 MX 2.45E-04 
4-Nitroanüine MX 1.16E-03 MX 1.13E-03 MX 1.18E-03 
4,6Dmitro-2-methylphenol MX 1.16E-03 MX 1.13B-03 MX 1.18E-03 
n-Nnrosorhphenylamine MX 2.41E-04 MX 2.36&04 MX 2.45&04 
4-BromophenyH]henyl ether MX 2.41E-04 MX 2.36E-04 MX 2.45E-04 
Hexachlorobenzene MX 2.41E-04 MX 2.36B-04 MX 2.45E-04 
Pentachlorophenol 2.41E-06J 1.10&05 J MX 1.18B-03 
Pbenanthrene MX 2.41E-04 MX 2.36&04 MX 2.45E-04 
Anthracene MX 2.41E-04 MX 2.36E-04 MX 2.4SE-04 
Di-n-butylphthalate 4.01E-06J MX 2.36E-04 MX 2.45E-04 
Huoranthene MX 2.41E-04 MX 2.36B-04 MX 2.45B-04 
Pyrcne MX 2.41&04 MX 2.36E-04 MX 2.45E-04 
Butyrbenzyrphthalate MX 2.41E-04 MX 2.36&04 MX 2.45&04 
3,3'-Dichlorobenzidine MX 4.82B-04 MX 4.71E-04 MX 4.90&04 
Benzo(a)anthracene MX 2.41E-04 2.36&06J MX 2.45&<M 
Chrysene MX 2.41E-04 1.57E-06 J MX 2.45E-04 
bis(2-Eftylhexyl)phthalate 1.85E-05 JB 8.64&06JB 8.99E-06JB 
Di-n-octylphthalflfc MX 2.41B-04 1.57&06 J NEX 2.45&04 
Benzo(b)fluoranthene MX 2.41E-04 MX 2.36B-04 MX 2.45E-04 
Benzo(k)fluoranthene MX 2.41E-04 MX 2.36E-04 MX 2.45B-04 
Benzo(a)pyrene MX 2.41E-04 MX 2.36B-04 MX 2.45E-04 
Indeno(l ,2.3-cd)pyrene MX 2.41E-04 MX 2.36B-04 MX 2.4SE-04 
Dibenzo(a.h)anfl>racene MX 2.41B-04 MX 2.36E-04 MX 2.45&04 
Benzo(g,h,i)perylene MX 2.41&04 MX 2.36E-04 MX 2.45&04 
Carbazole MX 2.41E-04 MX 2.36E-04 MX 2.45E-04 
Diesel Range Organics (l> MX 4.82B-03 NA NA 

"MX(....)" = Analyte detection limit value. 
B=Detected in the field blank in quantities greater than UK sample, therefore sample values are not blank corrected. 
J=Detected in the samples in quantities less than the calibration detection limit. 
(1) Diesel range organics analysis performed on Tl sample only. 
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Table 7-8 

SVOC Test Data and Test Results at the Thermal Oxidizer Discharge 
(Continued) 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-31-96 02-03-96 02-04-96 
1834-0110 1406-2031 1409-2036 

TEST DATA 
Run number 
Location 
Date 
Time period 

SEMIVOLATILE ORGANICS OONCENIKATIONS, 
Phenol 
Bis (2-chloroethyl) ether 
2-Chlorophenol 
1.3-Dichlorobenzene 
1.4-Dichlorobenzene 
Benzyl Alcohol 
1.2-Dichlorobenzene 
2-Methylpbenol 
bis (2-Chloroisopropyl) ether 
4-Methylphenol 
n-Nittoso-di-n-propylamine 
Hexachloroemane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
Z4-Dimethylphenol 
Benzoic acid 
Bis (2-cUoroethoxy>inethane 
Z4-DKhlorophenol 
l.Z4-Trichlorobenzene 
Naphthalene 
4-Chloroanaline 
Hexachlorobuladiene 
4-chloro-3-merhylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
Z4.6-Tri;hlorophenol 
Z4,5-Trichlorophenol 
2-Chlcronaplithalene 
2-Nitroanilme 
Dimethylphthalate 
Acenaphthylene 
Z6-DinitrotDluene 
3-Nüroaniline 
Acenaphthene 
Z4-Dinitrophenol 
4-Nitro phenol 
Dibenzofuran 
Z4-Dinitrotoluene 
Dkrhylpdnlate 
4-Chloropbenyl-phenyl ether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-inemylphenol 
ltNitrosodiphenylainine 
4-BromophenyH4enyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Dra-butylphtlnlate 
Huoranthene 
Pyrene 
Butylbenzylphthalate 
3.3'-Dichlotobenzidine 
Benzo(a)anthracene 
Chrysene 
bis(2-Emylhexyl)phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranrhene 
Bcnzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l ,Z3-cd)pyrene 
Dibenzo(a.h)anthracene 
Benzo(g.h.i)perylene 
Carbazole 
Diesel Range Organics O 

"ND<(....)" = Aiialyte detection limit value. 
B=Detected in the field blank in quantises greater flan the sample, therefore sample values are not blank corrected 
J=Detected in the samples in quantities less man the calibration detection limit 
(1) Drsel range organics analysis performed on Tl sample only. 

ND< 14.89 MX 15.16 NTX 17.20 

NTX 9.80 MX 9.97 MX 11.32 

MX 10.90 MX 11.10 MX  . 12.59 

NEK 9.53 MX 9.70 NTX 11.01 

NTX 9.53 MX 9.70 MX 11.01 

NTX 12.959 MX 13.19 MX 14.966 

MX 9.53 MX 9.70 MX 11.01 

MX 12.96 MX 13.19 MX 14.97 

MX 8.24 MX 8.39 MX 9.52 

MX 12.96 MX 13.19 MX 14.97 

MX 10.76 MX 10.95 MX 12.43 

MX 5.92 MX 6.03 MX 6.84 

MX 11.38 MX 11.59 MX 13.15 

MX 10.14 MX 10.32 MX 11.71 

MX 10.07 MX 10.25 MX 11.63 

MX 11.47 MX 11.67 MX 13.Z5 

MX 55.08 MX 56.07 MX 63.61 

MX 8.10 MX 8.24 MX 9.35 

MX 8.60 MX 8.75 MX 9.93 
MX 7.72 MX 7.86 MX 8.92 

MX 10.93 MX 11.128 MX 12.626 

MX 10.98 MX 11.18 MX 12.69 

MX 5.37 MX 5.47 MX 6.21 

MX 9.83 MX 10.00 MX 11.35 
MX 9.855 MX 10.031 MX 11.381 
MX 5.14 MX 5.23 MX 5.93 

MX 7.10 MX 7.22 NTX 8.20 

MX 34.07 MX 34.68 MX 39.34 

MX 8.62 MX 8.77 MX 9.95 
MX 48.70 MX 49.57 MX 56.24 

MX 7.22 MX 7.35 MX 8.33 

MX 9.21 MX 9.37 MX 10.63 

MX 7.69 MX 7.83 MX 8.89 

MX 48.70 MX 49.57 MX 56.24 

MX 9.09 MX 9.Z5 MX 10.49 

MX 36.53 MX 37.19 MX 42.19 

MX 48.35 MX 49.22 MX 55.84 

MX 8.33 MX 8.48 MX 9.62 
MX 7.69 MX 7.83 MX 8.89 

0.168 J 0.73 J MX 7.28 

MX 6.87 MX 6.99 MX 7.93 
MX 8.43 MX 8.58 MX 9.74 
MX 48.70 MX 49.57 MX 56.24 

MX 33.96 MX 34.56 MX 39.21 
MX 7.07 MX 7.20 MX 8.16 
MX 5.65 MX 5.75 MX 6.53 

MX 4.92 MX 5.01 MX 5.68 
0.05 J 0.Z5J NTX 29.17 

MX 7.862 MX 8.00 MX 9.08 

MX 7.86 MX 8.00 MX 9.08 
0.08 J MX 5.12 MX 5.81 

MX 6.929 MX 7.05 MX 8.00 
MX 6.93 MX 7.05 MX 8.00 

MX 4.486 MX 4.566 MX 5.1808 
MX 11.07 MX 11.27 MX 12.79 
MX 6.14 0.06 J MX 7.09 
MX 6.14 0.04 J MX 7.09 

0.28 JB 0.13 JB 0.15 JB 

MX 3.59 0.02 J MX 4.14 
MX 5.55 MX 5.65 MX 6.41 
MX 5.55 MX 5.65 MX 6.41 
MX 5.55 MX 5.65 MX 6.41 
MX 5.07 MX 5.16 MX 5.86 
MX 5.03 MX 5.12 MX 5.81 
MX 5.07 MX 5.16 MX 5.86 
MX 8.38 MX 8.53 MX 9.68 
MX 196.98 NA NA 
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Table 7-8 

SVOC Test Data and Test Results at the Thermal Oxidizer Discharge 
(Continued) 

TEST DATA 
Run number 
Location 
Date 
Time period 

SEMIVOLATILE ORGANICS EMISSION RESULTS, 
Phenol 
Bis (2-chloroethyl) ether 
2-Chlorophenol 
1.3-Dichlorobenzene 
1.4-Dichlorobenzene 
Benzyl Alcohol 
1.2-Dichlorobenzene 
2-Methylphenol 
bis (2-Chloroisopropyl) ether 
4-Methylphenol 
n-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2.4-Dimethylpbenol 
Benzoic acid 
Bis (2-chloroethoxy)-memane 
Z4-Dichlorophenol 
1.2.4-Tricnlorobenzene 
Naphthalene 
4-Chloroanaline 
Hexachlorobutadiene 
4-chloro-3-memylphenol 
2-Memylnaphthalene 
Hexaclüorocyclopentadiene 
2,4.6-TrKhlorophenol 
Z4.5-Trichlorophenol 
2-Chloro naphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthylene 
Z&Dinitrotoluene 
3-Nitoaniline 
Acenaphthene 
Z4-ESnitrophenol 
4-Nhtophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethylptbalate 
4-Chlorophenyl-phenyl ether 
Huorene 
4-Nitroanume 
4.6€Mniho-2-memylphenoI 
itNinosocUphenylamine 
4-Bromophenytpoenyl ether 
HexacMorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butylphmakte 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
3.3'-Oichlorobenzidine 
Benzo(a)anmracene 
Chrysene 
bis(2-Emymexyl)phthalate 
Di-n-octylphthalale 
Benzo(b)fluoranmene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l .Z3-cd)pyrene 
Dibenzo(a.h)anmnicene 
Benzo(g.h,i)perylene 
Carbazole 
Diesel Range Organics (1' 

Tl                                     T2 T3 
AFTERBURNER DISCHARGE 

0W1-96                           02-03-96 02-04-96 
1834-0110                         1406-2031 1409-2036 

g/iec 
ND< 
ND< 
ND< 
MX 
ND< 
MX 
NEX 
ND< 
NTX 
ND< 
ND< 
NEX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 

3.03E-05 
3.03B-05 
3.03E-05 
3.03&05 
3.03E-O5 
3.03E-05 
3.03E-05 
3.03B-05 
3.03E-05 
3.03E-O5 
3.03E-05 
3.03E-05 
3.03E-O5 
3.03E-05 
3.03E-05 
3.03E-O5 
1.46&04 
3.03E-05 
3.03E-05 
3.03E-05 
3.03B-O5 
3.03E-O5 
3.03&O5 
3.03E-05 
3.03E-05 
3.03E-05 
3.03BO5 
1.46E-04 
3.03&05 
1.46E-04 
3.03E-05 
3.03E-05 
3.03E-05 
1.46E-04 
3.03E-O5 
1.46E-04 
1.46B04 
3.03E-O5 
3.03&05 
8.09B-07J 
3.03&05 
3.03E-05 
1.46B-04 
1.46E-04 
3.03B-05 
3.03E-05 
3.03E-05 
3.03E-07 I 
3.03E-05 
3.03B-05 
5.06E-07J 
3.03E-O5 
3.03&05 
3.03E-05 
6.07B-05 
3.03&05 
3.03&O5 
2.33E-06 IB 
3.03&O5 
3.03E-05 
3.03B-05 
3.03&O5 
3.03E-05 
3.03B-05 
3.03E-05 
3.03&O5 
6.07E-04 

MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 
MX 
MX 
MX 
MX 
MX 

2.97E-05 
2.97&05 
2.97E-05 
2.97E-05 
2.97&05 
2.97E-05 
2.97&05 
2.97E-05 
2.97E-05 
2.97B-05 
2.97E-05 
2.97E-05 
2.97E-05 
2.97&05 
2.97&05 
2.97E-05 
1.42E-04 
2.97&05 
2.97E-05 
2.97E-05 
2.97E-05 
2.97E-05 
2.97&05 
2.97E-05 
2.97E-05 
2.97&05 
2.97E-05 
1.42&04 
2.97&05 
1.42&04 
2.97B-05 
2.97&A5 
2.97&05 
1.42E-04 
2.97E-05 
1.42E-04 
1.42B-04 
2.97E-05 
2.97E-05 
3.36E-06 J 
2.97E-05 
2.97&05 
1.42&04 
1.42E-04 
2.97&05 
2.97E-05 
2.97B-05. 
1.38E-06J 
2.97&05 
2.97B-05 
2.97E-05 
2.97E-05 
Z97&05 
2.97E-05 
5.94&05 
2.97B-07 I 
1.98E-07 J 
1.09E-06 JB 
1.98E-07 J 
2.97E-05 
2.97E-0S 
2.97&05 
Z97E-05 
2.97B-0S 
Z97B-05 
2.97E-05 

NA 

MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
NEX 
MX 
NEX 
NEX 
MX 
MX 
NEX 
NEX 
MX 
NEX 
NEX 
NEX 
NEX 
NEX 
MX 
MX 
NEX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
NEX 
NEX 
NEX 
NEX 
NEX 
NEX 
NEX 
NEX 
NEX 
MX 
MX 
MX 
NEX 
NEX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 
MX 

MX 
MX 
MX 
MX 
MX 
NEX 
MX 
NEX 

3.09&O5 
3.09&O5 
3.09E-05 
3.09E-05 
3.09E-05 
3.09E-05 
3.09E-05 
3.09E-05 
3.09E-05 
3.09E-05 
3.09E-05 
3.09E-05 
3.09E-05 
3.09E-05 
3.09&O5 
3.09E-05 
1.48E-04 
3.09E-O5 
3.09E-05 
3.09E-05 
3.09E-O5 
3.09E-05 
3.09E-05 
3.09E-05 
3.09E-05 
3.09E-05 
3.09B-05 
1.48E-04 
3.09E-05 
1.48&04 
3.09E-05 
3.09E-05 
3.09E-05 
1.48&04 
3.09E-05 
1.48&04 
1.48E-04 
3.09E-05 
3.09E-05 
3.09&05 
3.09&O5 
3.09&05 
1.48E-04 
1.48E04 
3.09E-05 
3.09B-05 
3.09E-05 
1.48E-04 
3.09&O5 
3.09B-05 
3.09B-05 
3.09B-05 
3.09E-05 
3.09E-05 
6.18E-05 
3.09B-0S 
3.09&05 
1.13E-06 IB 
3.09E-05 
3.09&05 
3.09E-05 
3.09BO5 
3.09B-05 
3.09&O5 
3.09B-05 
3.09E-05 

NA 

'MX(....)" = Analyte detection limit value. 
B=Detected in the field blank in quantities greater than the sample, therefore sample values are not blank corrected. 
^detected in the samples in quantities less man the calibration detection limit 
(1) Diesel range organics analysis performed on Tl sample only. 
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HGD Validation Test Report 

SOURCE EMISSIONS SAMPLING, ANALYSIS, AND RESULTS 

SVOCs were sampled during all three validation test runs and performed at the 
thermal oxidizer discharge stack using the EPA Method 0010 (explosives) test 
train. Analysis was conducted using EPA Method 8270 procedures by high- 
resolution gas chromatography (HRGC) with low-resolution mass spectrometry 
(LRMS). With few exceptions, all SVOCs for tests Tl, T2, and T3 were reported 
as detection limit values. 

Because of the multiple extracts required for the analysis of explosives, the 
detection limit values for SVOCs were higher than expected. As a result, 
WESTON elected to also analyze the EPA Method 23 (dioxin/furan) sample 
extracts for SVOCs. Sample extracts for tests Tl and T2 and the field blank 
sample were analyzed for SVOCs using EPA 8270 procedures. The test T3 
sample extract was totally consumed during dioxin/furan analyses; therefore, 
SVOC analysis of the EPA Method 23 test T3 sample could not be performed. 

Table 7-8 presents the SVOC analytical results of the Tl, T2, and field blank 
samples obtained from the EPA Method 23 test train, and SVOC results obtained 
from the EPA Method 0010 test train for test runs Tl, T2, and T3. As indicated, 
the results of the additional analysis provided significantly lower SVOC detection 
limits. The majority of detected SVOCs were also measured in the field blank 
sample at concentrations equal to or exceeding those detected in the Tl and T2 
samples, indicating that the low concentrations of SVOCs present may be the 
result of contamination and not the result of source emissions. 

It should be noted that WESTON elected to analyze the EPA Method 23 extracts 
for SVOCs in order to obtain lower detection limits. Although the SVOC 
analytical results obtained from analysis of the EPA Method 0010 samples show 
higher detection limits, the results are considered valid. In addition, although no 
SVOC surrogate standards were added to the Method 23 samples prior to 
extraction and analysis, the acceptable dioxin/furan surrogate recoveries provide 
an indication that the SVOC results obtained from the EPA Method 23 sample 
extracts are representative. 

In addition to the EPA Method 8270 SVOC analysis of the thermal oxidizer 
discharge samples, a portion of the test Tl Method 0010 sample collected at the 
furnace discharge and thermal oxidizer discharge was also analyzed for C7-Cn 
(diesel range) hydrocarbons using EPA Method 8015 analytical procedures. The 
results of the C7-C)7 hydrocarbon analysis of the furnace discharge sample is 
presented in Table 7-4 (Summary of Explosive Compounds Test Data and Test 
Results). The C7-C17 analytical results for the thermal oxidizer discharge are 
provided in Table 7-8 with the other SVOC results. 

7.3.4 Dioxins and Furans 

Thermal oxidizer discharge stack sampling using an EPA Method 23 sampling 
train was performed to determine emission concentrations and mass rates of 
polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs). 
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HGD Validation Test Report 

SOURCE EMISSIONS SAMPLING, ANALYSIS, AND RESULTS 

A summary of the dioxin/furan toxic equivalent (TEQ) emission concentrations is 
presented in Table 7-9. Detailed dioxin/furan test data and test results are 
provided in Table 7-10. The measured dioxin/furan 2,3,7,8-TCDD TEQ emission 
concentrations for tests Tl, T2, and T3 were 0.0395, 0.0221, and 0.0309 
ng/dscm. These emissions are well below the regulatory standard of 0.2 ng/dscm 
TEQ. 

7.3.5 Volatile Organic Compounds 

During validation test runs Tl, T2 and T3, VOCs were measured at the thermal 
oxidizer discharge stack using an EPA Method 0030 volatile organic sampling 
train (VOST). Samples were analyzed by EPA Methods 5040 and 8240 (with gas 
chromatography [GC] and mass spectrometry [MS]). 

A summary of the detected VOCs is presented in Table 7-11. The detailed VOST 
test data and test results are presented in Tables 7-12, 7-13, and 7-14 for tests Tl, 
T2, and T3, respectively. Of the 10 VOCs that were consistently detected in the 
thermal oxidizer discharge gas stream, bromomethane, methylene chloride, 
benzene, and toluene were also detected in VOST blank samples. The reported 
values for these compounds, although very low, may not be truly representative of 
source emissions and may be the result of contamination because some of these 
compounds are common laboratory solvents. 

7.3.6 Metals 

Metals testing was performed at the thermal oxidizer discharge stack using EPA 
Method 29 sampling and analytical procedures. The metals determined during 
each of the three validation tests included: 

Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Lead (Pb) 
Mercury (Hg) 
Nickel (Ni) 
Selenium (Se) 
Silver (Ag) 
Thallium (Tl) 

A separate test train was used to determine concentrations of hexavalent 
chromium (Cr+6) at thermal oxidizer discharge during tests Tl, T2, and T3. 
Sampling and analysis for Cr+6 was performed using the procedures outlined in 
Determination of Hexavalent Chromium Emissions from Stationary Sources (EPA 
40 CFR, Part 266, Appendix DC). 
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Table 7-9 

Dioxin and Furan Emissions 
at the Thermal Oxidizer Discharge 

Test Run No.: T1 T2 T3 

4 Feb 96 Date: 31 Jan 96 2 Feb 96 

Parameter 1834-0121 1405-2038 1410-2045 

1,2,3,4,7,8-HxCDD 2.54E-03 1.23E-03 1.32E-03 

1,2,3,6,7,8-HxCDD 2.93E-03 1.02E-03 1.54E-03 

1,2,3,7,8,9-HxCDD 6.45E-03 2.25E-03 3.95E-03 

1,2,3,4,6,7,8-HpCDD 2.35E-03 6.96E-04 1.60E-03 

OCDD 6.06E-04 2.25E-04 4.39E-04 

2,3,7,8-TCDF ND 2.05E-04 2.20E-04 

1,2,3,7,8-PeCDF ND 1.02E-04 2.20E-04 

2,3,4,7,8-PeCDF ND 3.07E-03 2.20E-03 

1,2,3,4,7,8-HxCDF 3.91 E-04 8.19E-04 1.32E-03 

1,2,3,6,7,8-HxCDF 1.96E-04 4.09E-04 6.59E-04 

2,3,4,6,7,8-HxCDF 3.91 E-04 6.14E-04 6.59E-04 

1,2,3,7,8,9-HxCDF ND ND ND 

1,2,3,4,6,7,8-HpCDF 9.78E-05 1.64E-04 2.20E-04 

1,2,3,4,7,8,9-HpCDF 1.96E-05 2.05E-05 4.39E-05 

OCDF 1.56E-05 1.02E-05 1.10E-05 

Detected Total 2,3,7,8-TCDD 
Equivalents 0.0395 0.0221 0.0309 

Calculated total 2,3,7,8-TCDD equivalents based on detected values only. 

ND = Non-detect, indicates values less than detection limits; detection limits are provided in Appendix I. 
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Table 7-10 

Dioxin and Furan Test Data and Test Results 
at the Thermal Oxidizer Discharge 

TESTDATA 
Test run number 
Test location 
Test date 
Test tune period 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-3W6 02-02-96 02-04-96 
1834-0121 1405-2038 1410-2045 

SAMPLING DATA 
Samplng duration, min. 
Nozzle diameter, in. 
Cross sectbnal nozzle area, sq.ft. 
Barometric pressure, in. Hg 
Avg orifice press, diff.. in HjO 
Avg dry gas meter temp, deg F 
Avg abs. dry gas meter temp., deg. R 
Tool liquid collected by train, ml 
Std. vol. of HjO vapor colL. cu.ft. 
Dry gas meter calibration factor 
Sample voL at meter cond. dcf 
Sample voLat std. cond. dscf (1) 
Percent of isokinetic sampling 

GAS STREAM COMPOSITION DATA 
002. % by volume, dry basis 
02, % by volume, dry basis 
CO. % by volume dry basis 
N2, % by volume, dry basis 
Molecular wt. of dry gas. Ib4b mole 
HjO vapor in gas stream, prop by voL 
Mole fraction of dry gas 
Molecular wt. of wet gas. 1Mb mole 

GAS STREAM VELOCITY AND VOLUMETRIC FLOW DATA 
Static pressure, in. HjO 
Static pressure, in. Hg 
Absolut; pressure, in. Hg 
Avg temperature, deg. F 
Avg absolute temperature. deg.R 
Pilot tube coefficient 
Tool number of traverse points 
Avg gas stream velocity, ft./sec. 
Stacktiuct cross sectional area, sq.ft 
Avg gas stream volumetric flow, wacf/min. 
Avg gas stream volumetric flow, dscf/mki. 

360.0 360.0 360.0 
0.620 0.620 0.620 

0.002097 0.002097 0.002097 
29.73 29.59 30.28 

0.83 0.77 0.65 
49 50 49 

509 510 509 
341.1 299.4 252.8 

16.1 14.1 11.9 
0.993 0.993 0.993 

176.066 169257 153.896 
180.526 172.471 160.738 

100.6 102.1 99.5 

5.7 5.8 6.1 
12.1 11.9 11.9 

0.0 0.0 0.0 
82.2 82.3 82.0 

29.40 29.41 29.45 
0.082 0.076 0.069 
0.918 0.924 0.931 

28.5 28.5 28.7 

-0.10 -0.10 -0.10 
-0.007 -0.007 -0.007 
29.72 29.58 30.27 
1541 1517 1509 
2001 1977 1969 
0.84 0.84 0.84 

12 12 12 
16.5 15.3 14.1 
4.59 4.59 4.59 

4530 4210 3890 
1090 1030 980 

(1) Standard conditions = 68 degrees F. (20 deg. C.) and 29.92 in Hg (760 mm Hg) 
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Table 7-10 

Dioxin and Furan Test Data and Test Results 
at the Thermal Oxidizer Discharge 

(Continued) 

TEST DATA 
Test ran number 
Test location 
Test date 
Test time period 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-31-96 02-02-96 02-04-96 
183+0121 1405-2038 1410-2045 

TOXICITY BQUIVALENCY EMISSIONS (WER/89), ng/dsc 

2.3.7,8-TCDD 
l.Z3.7,8-PeCDD 
l.Z3.4.7.&flxCDD 
l.Z3.6.7.8-HxCDD 
1.23.7.8.94&CDD 
l.Z3.4,6,7.8-«bCDD 

ToBlTCDD 
Tobl PeCDD 
ToBlHxCDD 
Total UpCXID 
OCDD 

2.3,7.8-TCDF 
l.Z3,7.8-PeCDF 
2,3.4.7,8-PeCDF 
l.Z3.4,7,84icCDF 
l.Z3.6,7.&flxCDF 
2,3.4.6,7.8-HxCDF 
l.Z3,7,8.9-HxCDF 
l.Z3.4.6,7,8-i$CDF 
l.Z3.4,7.8.941pCDF 

Total TCDF 
Totol PeCDF 
ToblHxCDF 
ToBlHpCDF 
OCDF 

7.82E-03 4.09E-03 4.39E-03 
1.56E-02 7.17E-03 1.21E-02 
2.54E-03 1.23E-03 1.32E-03 
2.93&03 1.02E-03 1.54E-03 
6.45E-03 2.25E-03 3.95r>03 
2.35E-03 6.96E-04 1.60B-03 

oo OP) OP) 
OP) OP) OP) 
o<*> OP) 0P! 
ow oo OP) 

6.06E-04 2.25E-04 4.39&04 

NIX 1.37E-04 2.05E-04 2.20E-04 
ND< 1.96E-04 1.02E-04 2.20E-04 
NEX 1.96E-03 3.07E-03 2.20E-03 

3.91E-04 8.19E-04 1.32E-03 
1.96B-04 4.09E-04 6.59E^04 
3.91B-04 6.14E-04 6.59E-04 

NEK 1.96E-04 NEx   4.09E-04 ' NEX    2.20B-04 
9.78E-05 1.64E-04 2.20B-O4 
1.96&05 2.05E-05 4.39E-05 

oo OP) OP) 
oo oP) OO 
of) OO OP) 
OP) üP) OP) 

1.56E-05 1.02E-05 1.10B-O5 

TOTAL 2,3,7,8-TCDD EQUIVALENTS, «g/dic i(») 4.20E-02 2.25&02 3.11E-02 

DETECTED TOXICTTY EQUIVALENCY EMISSIONS (MEft/89), ng/d»c 

2.3.7.8-TCDD 
l.Z3.7.M>eCDD 
l.Z3.4.7.84feCDD 
l.Z3,6.7.8-HxCDD 
l.Z3.7.8.94i(CDD 
l.Z3.4.6.7,8-H|>CDD 
OCDD 

2.3,7,8-TCDF 
l.Z3.7.8-PeCDF 
2.3,4.7.8-PeCDF 
l,Z3,4,7,8-HxCE>F 
l.Z3.6,7.8-H>cCDF 
2,3.4,6,7.84MDF 
l.Z3,7,8,9-HxCDF 
l.Z3,4.6,7,8-H>CDF 
l,Z3,4,7.8.Sm>CDF 
OCDF 

DETECTED TOTAL 2^,7,S-TCDD EQUIVALENTS, »g/Bsc««(2) 

(1) Calculated Total 2.3.7.8-TCDD equivalents based on all detected and non-detected values. 
(2) Calculated Total 2.3.7.8-TCDD equivalents based on detected values only. 
(3) Zero value denotes no tone equivalency. 

7.82&03 4.09E-03 4.39E-03 
1.56E-02 7.17E-03 1.21E-02 
2.54E-03 1.23B-03 1.32E-03 
2.93E-03 1.02E-03 1.54E-03 
6.45B03 2.25B-03 3.95E-03 
2.35&03 6.96E-04 1.60E-03 
6.06E-04 2.25B-04 4.39E-04 

ND 2.05E-04 2.20E-04 
ND 1.02E-04 2.20E-O4 
ND 3.07&O3 2.20E-03 

3.91B-04 8.19B-04 1.32E-03 
1.96&04 4.09E-04 6.59E-04 
3.91E-04 6.14E-04 6.59&04 

ND ND ND 
9.78E-05 1.64E-04 2.20E-04 
1.96B-05 2.05E-05 4.39E-05 
1.56E-05 1.02&05 1.10&O5 

3.95&02 2.21E-02 3.09B42 
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Table 7-10 

Dioxin and Furan Test Data and Test Results 
at the Thermal Oxidizer Discharge 

(Continued) 

TESTDATA 
Test run number 
Test location 
Test date 
Test time period 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-31-96 02-0246 02-04-46 
1834-0121 1405-2038 1410-2045 

TOXTCTTY EQUIVALENCY EMISSIONS (I-TEF»/89), Ib/hr 

2.3,7,8-TCDD 
1.23.7.8-PeCDD 
1.2.3.4.7.84JxCDD 
1.23.6.7.8-HxCDD 
1,23.7.8. HIxCDD 
l.Z3.4.6.7,844>CDD 

TotolTCDD 
TofalPeCDD 
Totti HxCDD 
TotilHpCDD 
OCDD 

2.3.7,8-TCDF 
1.23,7.8-PeCDF 
2.3.4.7.8^eCDF 
1.23.4.7.&flxCDF 
l.Z3.6.7.8-HxCDF 
2,3.4,6,7.8-HxCDF 
1.23,7.8.9-HxCDF 
l.Z3.4.6.7.8-H>CDF 
1.23,4.7.8.9-fi>CDF 

Tool TCDF 
Totti PeCDF 
Total HxCDF 
Tobll^pCDF 
OCDF 

TOTAL 2,3,7,8-TCDD EQUIVALENTS, lb/hiW 

3.20E-11 1.58E-11 1.62E-11 
6.39E-11 2.76E-11 4.44E-11 
1.04E-11 4.73E-12 4.85E-12 
1.20B-11 3.94E-12 5.66E-12 
2.64E-11 8.67E-12 1.45B-11 
9.59E-12 2.68E-12 5.90E-12 

of) OP) OP) 
oo 0P> OP) 
flP) OP) OP) 
OP) oo OP) 

2.48E-12 8.67E-13 1.62E-12 

NIX 5.59E-13 7.88E-13 8.08E-13 
NEX 7.99E-13 3.94E-13 8.08E-13 
NEX 7.99E-12 1.18E-11 8.08E-12 

1.60E-12 3.15E-12 4.85E-12 
7.99E-13 1.58E-12 2.42E-12 
1.60B-12 2.36E-12 2.42B-12 

NEX 7.9S&43 NEX    1.58E-12              NEX    8.08B-13 
3.99E-13 6.30E-13 8.08E-13 
7.99E-14 7.88E-14 1.62E-13 

0<3> OP) OP) 
oo OP) OP) 
OP) OP) OP) 
OP) OP) OP) 

6.39&44 3.94B-14 4.04E-14 

1.71E-10 i.66E-ll 1.14B-10 

DETECTED TOXICTTY EQUIVALENCY EMISSIONS (MEft/89), lb/fa 

2.3.7.8-TCDD 
l.Z3,7,84>eCDD 
l,Z3.4,7,8-HxCDD 
l,Z3.6,7.8-HxCDD 
l,Z3,7,8,94icCDD 
l.Z3.4.6,7.84^>CDD 
OCDD 

2,3,7.8-TCDF 
l.Z3.7.8-PeCDF 
2.3.4,7,8-PeCDF 
l,Z3.4,7.8-HxCDF 
l.Z3.6,7,8-HxCDF 
2.3.4.6.7.8-HxCDF 
l.Z3,7.8.9-HxCDF 
l.Z3.4.6.7.84$CDF 
l,Z3,4.7,8,94icDF 
OCDF 

DETECTED TOTAL 23,7,8-TCDD EQUIVALENTS, D>/ki<2) 

3.20&41 1.58&41 1.62B41 
6.39E-11 2.76E-11 4.44B41 
1.04&41 4.73B42 4.85E-12 
1.20E-11 3.94&42 5.66E-12 
2.64E-11 8.67E-12 1.45E-11 
9.59E-12 2.68E-12 5.90E-12 
2.48E-12 8.67B-13 1.62E-12 

ND 7.8S&43 8.08E-13 
ND 3.94FH3 8.0S&43 
ND 1.18E-41 8.08B-12 

1.60E-12 3.15B-12 4.85&12 
7.99B-13 1.58&42 2.42E-12 
1.60E-12 2.36E-12 2.42B42 

ND ND ND 
3.99B-13 6.30E-13 8.08E-13 
7.99&44 7.88E-14 1.62E-13 
6.39E-14 3.94E-14 4.04E-14 

1.61E40 

(1) Calculated Total 2.3.7,8-TCDD equivalents based on all detected and non-detected values. 
(2) Calculated Total 2.3.7,8-TCDD equivalents based on detected values only. 
(3) Zero value denotes no toxic equivalency. 

8.50B-11 1.14&40 
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Table 7-10 

Dioxin and Furan Test Data and Test Results 
at the Thermal Oxidizer Discharge 

(Continued) 

TEST DATA 
Test run number 
Test location 
Test date 
Test time period 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-3H>6 02-02-96 02-04-96 
1834-0121 1405-2038 1410-2045 

DIOXIN LABORATORY REPORTDATA, Bg 

2.3.7.8-TCDD 
1.23.7.8-ftCDD 
1.23.4.7.8-HxCDD 
1.23.6,7.&flxCDD 
1.23,7,8.94feCDD 
1.23.4.6.7.8-H)CDD 

Total TCDD 
Tool PeCDD 
Total HxCTJD 
TohlHpCDD 
OCDD 
Total PCDD 

DIOXIN CONCENTRATION, ppb/v 

2.3.7,8-TOX) 
1.23,7,8-PeCDD 
1.23.4,7,&flxCDD 
1.23,6,7.84feCDD 
1.23.7.8,9-HxCDD 
1,23,4,6,7.8-H)CDD 

Tool TCDD 
Tool PeCDD 
ToblHxCDD 
TotdHpCDD 
OCDD 
Tot.1 PCDD 

DIOXIN EMISSIONS, Ib/dtcf 

2.3.7,8-TCDD 
l,23.7.8^>eCDD 
1.23.4.7.84IxCDD 
1,23,6.7.8-HxCDD 
1,23.7,8,9-HxCDD 
1,23.4,6.7,8-H>CDD 

Tote] TCDD 
Totol PeCDD 
ToölHxCDD 
Totti HpCED 
OCDD 
Tool PCDD 

0.040 0.020 0.020 
0.160 0.070 0.110 
0.130 0.060 0.060 
0.150 0.050 0.070 
0.330 0.110 0.180 
1.200 0.340 0.730 

0.840 0.360 0.260 
1.900 0.790 1.300 
2.600 0.960 1.400 
2.800 0.750 1.900 
3.100 1.100 2.000 

11.240 3.960 6.860 

mole wt. 

321.9744 5.85E-07 3.06E-07 3.28&07 
356.4195 2.11E-06 9.67E-07 1.63B-06 
390.8646 1.57B-06 7.56E-07 8.11E-07 
3905646 1.81B-06 6.30E-07 9.47E-07 
390.8646 3.97E-06 1.39E-06 2.43E-06 
4253097 1.33B-05 3.94E-06 9.07E-06 

321.9744 1.23E-05 5.51E-06 4.27B-06 
356.4195 2.51E-05 1.09E-05 1.93E-05 
3905646 3.13E-05 1.21E-05 1.89E-05 
4253097 3.10E-05 8.69E-06 2.36E-05 
459.7548 3.17E-05 1.18&05 2.3CE-05 
321.9744 1.64E-04 6.06E-O5 1.13E-04 

4.88E-16 2.56E-16 2.74B-16 
1.95&45 8.95B-16 1.51E-15 
1.59E-15 7.67E-16 8.23E-16 
1.83E-15 6.39B-16 9.60E-16 
4.03B-15 1.41E-15 2.47E-15 
1.47&44 4.35E-15 1.00B-14 

1.03E-14 4.60E-15 3.57E-15 
2.32&-14 1.01E-14 1.78E-14 
3.18E-14 1.23&44 1.92E-14 
3.42E-14 9.59E-15 2.61E-14 
3.79E-14 1.41E-14 2.74E-14 
1.37B-13 5.06TM4 9.41E44 
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Table 7-10 

Dioxin and Furan Test Data and Test Results 
at the Thermal Oxidizer Discharge 

(Continued) 

TESTDATA 
Test nin number 
Test location 
Test date 
Test time period 

DIOXIN CONCENTRATION, ng/dsc 

2.3,7.8-TCDD 
1.2.3,7.8-PeCDD 
1.23.4,7.8-HxCDD 
1.2.3.6,7,8-HxCDD 
1.2.3.7.8.9-HxCDD 
1.2.3,4.6,7.8-H>CDD 

Total TCDD 
Tool PeCDD 
Totti HxCDD 
ToaUlpCED 
OCDD 
Tool PCDD 

DIOXIN EMISSIONS, lb/hr 

2.3.7.8-TOXi 
1.23.7.8-PeCDD 
1.2.3,4,7.8-HxCDD 
1,2,3.6.7.8-tttCDD 
1.2.3.7.8.94faCDD 
1.23.4.6.7,8-flpCDD 

Tool TCDD 
Totd PeCDD 
Tool HxCTX) 
TotdHpCDD 
OCDD 
Totti PCDD 

Tl          T2 T3 
AFTERBURNER DISCHARGE 

01-31-96 02-02-96 02-04-96 
1834-0121 1405-2038 1410-2045 

7.82E-03 4.09B-03 4.39E-03 
3.13E-02 1.43&02 2.42E-02 
2.54E-02 1.23E-02 1.32E-02 
2.93E-02 1.02E-02 1.54E-02 
6.45&02 2.25E-02 3.95E-02 
2.35E-01 6.96E-02 1.60B-01 

1.64E-01 7.37E-02 5.71E-02 
3.72E-01 1.62E-01 2.86E-01 
5.09E-01 1.97E-01 3.08E-01 
5.48E-01 1.54E-01 4.17E-01 
6.06E-01 2.25E-01 4.39&01 

2.2CE4O0 8.11E-01 1.51E4O0 

3.20E-11 1.58E-11 1.62E-11 
1.28E-10 5.52E-11 8.89E-11 
1.04B-10 4.73E-11 4.85E-11 
1.20&-10 3.94B-11 5.66E-11 
2.64E-10 8.67E-11 1.45E-10 
9.59E-10 2.68E-10 5.9CE-10 

6.71E-10 2.84B-10 2.10E-10 
1.S2B-09 6.22E-10 1.05&A9 
2.08E-09 7.56E-10 1.13E-09 
2.24E-09 5.91B-10 1.54E-09 
2.48E-09 8.67E-10 1.62E-09 
8.98&09 3.12E-09 5.54E-09 
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Table 7-10 

Dioxin and Furan Test Data and Test Results 
at the Thermal Oxidizer Discharge 

(Continued) 

TEST DATA 
Test ran number 
Test location 
Test date 
Test time period 

Tl          T2 
AFTERBURNER DISCHARGE 

T3 

01-3 H>6 
1834-0121 

02-02-96 
1405-2038 

02-04-96 
1410-2045 

FURAN LABORATORY REPORT DATA »g 

2.3,7.8-TCDF 
1.23.7,8-PeCDF 
2.3.4.7.8-PeCDF 
1,23.4.7.8-HxCDF 
l.Z3.6.7.8-HxCDF 
2.3.4,6.7.8-HxCDF 
l.Z3.7.8.94feCDF 
l,Z3.4,6,7,&flpCDF 
1,Z3,4.7.8.94$CDF 

ToBl TCDF 
Totd PeCDF 
To&lHxCDF 
TohlHpCDF 
OCDF 
Tool KEF 

FURAN CONCENTRATION, ppb/v 

2.3,7,8-TCDF 
l.Z3.7.8-PeCDF 
2.3.4.7.8-PeCDF 
l.Z3.4,7.&flxCDF 
l.Z3.6.7.&«eCDF 
2.3.4.6,7.8-HxCDF 
l,Z3,7,8,9-HxCDF 
l.Z3.4,6,7.M$>CDF 
l.Z3,4,7,8.9-t%>CDF 

TotdTCDF 
Totil PeCDF 
ToblHxCDF 
TotdH<DF 
OCDF 
TotdPCDF 

FURAN EMISSIONS, Ib/djcf 

2.3.7.8-TCDF 
l.Z3.7.8-PeCDF 
2.3.4.7,8-PeCDF 
l.Z3,4.7,8-HxCDF 
l,Z3.6,7.8-HxCDF 
2.3.4.6,7,8-HxCDF 
l,Z3.7.8,9-HxCDF 
l.Z3,4,6.7.8-H>CDF 
l.Z3.4.7.8,94t>CDF 

TotdTCDF 
Tool PeCDF 
TotdHxCDF 
Total HpCDF 
OCDF 
Total PCDF 

ND< 0.007 0.010 0.010 
MX 0.020 0.010 0.020 
ND< 0.020 0.030 0.020 

0.020 0.040 0.060 
0.010 0.020 0.030 
0.020 0.030 0.030 

ND< 0.010 MX         0.020 MX         0.010 
0.050 0.080 0.100 
0.010 0.010 0.020 

0.040 0.140 0.350 
0.130 0.280 0.320 
0.160 0.200 0.280 
0.130 0.160 0.180 
0.080 0.050 0.050 
0.540 0.830 1.180 

mole wt 

305.9750 MX 1.08E-07 1.61E-07 1.73E-07 
340.4201 MX 2.76E-07 1.45&07 3.11E-07 
340.4201 MX 2.76E-07 4.34E-07 3.11E-07 
374.8652 2.51E-07 5.26E-07 8.46E-07 
374.8652 1.26E-07 2.63E-07 4.23E-07 
374.8652 2.51E-07 3.94E-07 4.23E-07 
374.8652 MX 1.26E-07 MX   2.63E-07 MX    1.41E-07 
4093103 5.75E-07 9.63B-07 1.29&06 
4093103 1.15E-07 1.20&07 2.58B-07 

305.9750 6.15&07 2.25M6 6.05E-06 
340.4201 1.80E-06 4.05&06 4.97E-06 
374.8652 2.01E-06 2.63E-06 3.95E-06 
4093103 1.49B-06 1.93&06 2.32E-06 
443.7554 8.48E-07 5.55E-07 5.96E-07 
305.9750 8.31B-06 1.34E-05 2.04E-05 

MX 8.55E-17 1.28E-16 1.37E-16 
MX 2.44B46 1.28B-16 2.74E-16 
MX 2.44E-16 3.83B-16 2.74E-16 

2.44B46 5.11E-16 8.23E-16 
1.22&46 2.56E-16 4.11E-16 
2.44E-16 3.83E-16 4.11B-16 

MX 1.22FH6 MX   2.56&46 MX    1.37E-16 
6.11B46 1.02B-15 1.37&45 
1.22&46 1.28B-46 2.74E-16 

4.88&46 1.79B-15 4.80E-15 
1.59B-15 3.58FH5 4.39E-15 
1.95E-15 2.56B-15 3.84E-15 
1.59B-15 2.05E-15 2.47E-15 
9.77E-16 6.39E-16 6.86&46 
6.59E-15 1.06B-14 1.62E-14 
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Table 7-10 

Dioxin and Furan Test Data and Test Results 
at the Thermal Oxidizer Discharge 

(Continued) 

TEST DATA 
Test run number 
Test location 
Test date 
Test time period 

FURAN CONCENTRATIONS, iig/dse 

2.3,7.8-TCDF 
l.Z3.7.8-PeCDF 
2.3.4.7.8-PeCDF 
l,Z3,4,7.8-HxCDF 
1.23,6.7,84fcCE>F 
2.3.4,6,7.8-HxCDF 
l,Z3.7,8,9-HxCDF 
l.Z3,4.6,7.S4JpCDF 
1.23.4.7,8.9-HpCDF 

Tobl TCDF 
Totti PeCDF 
Totti HxCDF 
Totti HpCDF 
OCDF 
Total PCDF 

FURAN EMISSIONS, Ib/hr 

2,3.7.8-TCDF 
l.Z3.7,8-PeCDF 
2.3,4.7.8-PeCDF 
1.23,4.7.84feCDF 
l.Z3,6,7,&«xCDF 
2,3.4.6.7.8-MxCDF 
l.Z3.7.8.9-HxCDF 
l,Z3.4.6.7.8-HpCDF 
l,Z3.4.7.8.9-HpCDF 

Totti TCDF 
Totti PeCDF 
Total HxCDF 
Totti HpCDF 
OCDF 
Totti PCDF 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-31-96 02-02-96 02-04-96 
1834-0121 1405-2038 1410-2045 

NEX 1.37E-03 2.05E-03 2.20E-03 
NEX 3.91E-03 2.05E-O3 4.39&03 
NEX 3.91B-03 6.14E-03 4.39B-03 

3.91E-03 8.19E-03 1.32E-02 
1.96E-03 4.09&03 6.59E-03 
3.91E-03 6.14E-03 6.5SB-03 

NEK 1.96E-03 NEX    4.09B-03 NEX    2.20E-03 
9.78E-03 1.64E-02 2.20E-02 
1.96E-03 2.05E-03 4.39E-03 

7.82Ev03 2.87E-02 7.69E-02 
2.54E-02 5.73E-02 7.03E-02 
3.13E-02 4.09E-02 6.15B-02 
2.54B-02 3.28E-02 3.95E-02 
1.56&02 1.02B-02 1.10E-02 
1.06E-01 1.70E-01 2.59E-01 

NIX 5.59E-12 7.88B-12 8.08E-12 
ND< 1.60E-11 7.88E-12 1.62B-11 
NEX 1.60B-11 2.36E-11 1.62E-11 

1.60E-11 3.15E-11 4.85E-11 
7.9S&42 1.58E-11 2.42E-11 
1.60R41 2.36B-11 2.42E-11 

NEX 7.99&42 NEX    1.58E-11 NEX    8.08E-12 
3.99&41 6.30E41 8.08E-11 
7.99&42 7.88E-12 1.62B-11 

3.20B-11 1.10E-10 2.83E-10 
1.04E-10 2.21B-10 2.59&-10 
1.28E-10 1.58E-10 2.26B-10 
1.04&40 1.26B-10 1.45B-10 
6.39E-11 3.94E-11 4.04E-11 
4.31E-10 6.54E-10 9.53&-10 
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Table 7-10 

Dioxin and Furan Test Data and Test Results 
at the Thermal Oxidizer Discharge 

(Continued) 

TOXTCXTY BOUTVALENCY FACTORS (HEEFi/89) 

2.3,7,8-TCDD 
l.Z3,7.8-PeCDD 
l.Z3.4.7.84faCDD 
l.Z3.6.7,&«tCDD 
l.Z3.7.8,MfeCDD 
l.Z3.4,6.7.&4ipCDD 

Tool TCDD 
Tool PeCDD 

' TotilHxCDD 
Total HpCDD 
OCDD 

2.3.7,8-TCDF 
l,Z3.7.8-PeCDF 
2,3.4,7,8-PeCDF 
l,Z3,4,7,8-HxCDF 
l.Z3.6,7.8-HxCDF 
2,3.4.6,7.84£tCDF 
l.Z3,7,8.WfaCDF 
l.Z3,4A7.S^>CX>F 
1,Z3,4.7.8.94$>CDF 

TotolTCDF 
TofalPeCDF 
TotJHxCDF 
TotolHpCDF 
OCDF 

1 1 1 
0.5 0.5 0.5 
0.1 0.1 0.1 
0.1 0.1 0.1 
0.1 0.1 0.1 

0.01 0.01 0.01 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0.001 0.001 0.001 

0.1 0.1 0.1 
0.05 0.05 0.05 
0.5 0.5 0.5 
0.1 0.1 0.1 
0.1 0.1 0.1 
0.1 0.1 0.1 
0.1 0.1 0.1 

0.01 0.01 0.01 
0.01 0.01 0.01 

0 0 0 
0 0 0 
0 0 0 
0 0 0 

0.001 0.001 0.001 
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Table 7-11 

Summary of VOC Emissions 
Detected at the Thermal Oxidizer Discharge 

Test Run No.: 

Emissions of VOCs at Thermal Oxidizer Discharage (ppm/v) 
T1 

31 Jan 96 

1846-2322 

T2 

2 Feb 96 

1419-2005 

T3 

4 Feb 96 

1418-1950 

Average 
Date: 

Time: 

Parameter* 
Chloromethane (methyl chloride) 6.78E-02 1.59E-02 3.03E-02 3.80E-02 

Bromomethane (methyl bromide) 3.18E-03 1.22E-03 2.04E-03 2.15E-03 

Methylene chloride 9.84E-04 9.55E-04 1.19E-03 1.04E-03 

Acetone 1.45E-01 7.98E-02 3.99E-02 8.82E-02 

Carbon disulfide ND 3.18E-04 2.10E-04 1.76E-04 

Chloroform 1.82E-04 1.80E-04 1.14E-04 1.59E-04 

Benzene 9.70E-04 2.72E-04 3.78E-04 5.40E-04 

Toluene 4.72E-04 1.07E-04 1.22E-04 2.34E-04 

Styrene 1.14E-04 4.37E-04 4.28E-04 3.26E-04 

Xylenes (total) 2.76E-04 2.85E-04 2.01 E-04 2.54E-04 

* Detection limit values are included in the overall average. 

ND = Indicates values less than detection limits; detection limits are provided in Appendix I. 
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Table 7-12 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T1) 

TEST DATA: 
Test run number 
Test location OUTLET OUTLET OUTLET OUTLET 
Test date 01-31-96 01-31-96 01-31-96 01-31-96 
Test time 1846-1926 2052-2132 2153-2233 2242-2322 
Test tube pair 1 3 4 5 

SAMPLING DATA: 
Duration, minutes 40.00 40.00 40.00 40.00 
Average dry gas meter press, in. H20 1.39 1.40 1.40 1.30 
Average dry gas meter temp, deg C 9.81 11.12 11.00 11.00 
Average dry gas meter temp, deg F 49.66 52.02 51.80 51.80 
Average absolute meter temp. deg. R 509.66 512.02 511.80 511.80 
Actual sample volume, liters 21.440 22.693 21.385 20.763 
Meter box calibration, Y 1.0060 1.0060 1.0060 1.0060 
Barometric pressure, in. Hg 29.73 29.73 29.73 29.73 
Sample volume, dscf 0.7865 0.8287 0.7812 0.7583 
Volumetric flow rate, dscf/min ' 1000 1000 1000 1000 

LABORATORY DATA, ng: M.W. 
Chloromethane (Methyl Chloride) 50.49 1000.000 2200.000    E 5500.000     E 3900.000    E 
Bromomethane (Methyl Bromide) 94.95 81.000    JB 530.000 120.000 400.000 
Vinyl Chloride 62.50 100.000 U 100.000 U 100.000 U 100.000 U 
Chloroethane (Ethyl Chloride) 64.52 100.000 U 100.000 U 100.000 U 100.000 U 
Methylene chloride 84.93 99.463     JB 86.257     JB 68.239     JB 57.264     Jl 
Acetone 58.09 24667.707    E 1682.057 2265.912 2568.114 
Carbon DisulQde 76.13 50.000 U 50.000 U 50.000 U 50.000 U 
1, t-Dichloroethene 96.94 50.000 U 50.000 U 50.000 U 50.000 U 
1.1-Dichloroethane 98.96 50.000 U 50.000 U 50.000 U 50.000 U 
1,2-Dichloroethene (trans) 96.94 50.000 U 50.000 U 50.000 U 50.000 U 
Chloroform 119.37 20.078     J 21.154     J 19.943     J 19.359     J 
1.2-Dichloroethane (EDC) 98.96 50.000 U 50.000 U 50.000 U 50.000 U 
2-Butanone (MEK) 72.12 1000.000 U 1000.000 U 1000.000 U 1000.000 U 
1.1,1-Trichloroethane (TCA) 133.40 50.000 U 50.000 U 50.000 U 50.000 U 
Carbon Tetrachloride 153.81 50.000 U 50.000 U 50.000 U 50.000 U 
Vinyl acetate 86.09 200.000 U 200.000 U 200.000 U 200.000 U 
Bromodichloromethane 163.83 50.000 U 50.000 U 50.000 U 50.000 U 
1,2-Dichloropropane 112.99 50.000 U 50.000 U 50.000 U 50.000 U 
cis-1,3-Dichloropropene 110.98 50.000 U 50.000 U 50.000 U 50.000 U 
Trichloroethene (TCE) 131.38 50.000 U 50.000 U 50.000 U 50.000 U 
Dibromochloromethane 208.29 50.000 U 50.000 U 50.000 U 50.000 U 
1,1,2-Trichloroethane 133.40 50.000 U 50.000 U 50.000 U 50.000 U 
Benzene 78.12 99.000    JB 46.000     JB 68.000    JB 67.000    Jl 
trans-1 ,3-Dichloropropene 110.98 50.000 U 50.000 U 50.000 U 50.000 U 
Bromoform 252.75 50.000 U 50.000 U 50.000 U 50.000 U 
4-Methyl-2-Pentarone (MIBK) 100.18 1000.000 U 1000.000 U 1000.000 U 1000.000 U 
2-Hexanone 100.18 1000.000 u 1000.000 u 1000.000 U 1000.000 U 
Tetrachloroethene (PCE) 165.82 50.000 U 50.000 U 50.000 U 50.000 U 
1,1.2,2-Tetrachloroethane 167.84 50.000 U 50.000 U 50.000 U 50.000 U 
Toluene 92.15 50.000    JB 32.000    JB 44.000    JB 35.000     Jl 
ChlorobeiEene 112.56 50.000 U 50.000 U 50.000 U 50.000 U 
Ethylbenzene 106.18 50.000 U 50.000 U 50.000 U 50.000 U 
Styrene 104.16 17.000    J 6.000    J 12.000     J 9.000    J 
Xylenes (total) 106.18 38.000 13.000     J 28.000 29.000     J 
2-Chloroethyl vinyl ether 106.55 200.000 U 200.000 U 200.000 U 200.000 U 

U = detection limit value. 
J = Estimated value below the detection limit. 
E= Estimated value above the detection limit. 
B = Compound also detected in blank. Reported values are not blank corrected. 
(1) Volumetric flow rate based on average of Particulate/HCl and MMTL tests flow measurements. 
NOTE Data from test tube pairs 2 and 6 not available due to instrument failure during analysis. 

19-Mai-96 
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Table 7-12 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T1) 
(Continued) 

TEST DATA: 
Test ran number 
Test location 
Test date 
Test time 
Test tube pair 

OUTLET OUTLET OUTLET OUTLET OUTLET 
01-31-96 01-31-96 01-31-96 01-31-96 

1846-1926 2052-2132 2153-2233 2242-2322 
1 3 4 5 AVERAGE <2> 

VOST EMISSIONS (lbs/dscf): 
Chloromethane (Methyl Chloride) 
Bromomethane (Methyl Bromide) 
Vinyl Chloride 
Chloroethane (Ethyl Chloride) 
Methylene chloride 
Acetone 
Carbon Disulfide 
1.1-Dichloroethene 
1.1-Dichloroethane 
1.2-Dichloroethene (trans) 
Chloroform 
1,2-Dichloroethane (EDC) 
2-Butanone (MEK) 
l.l.t-Trichloroethane (TCA) 
Carbon Tetrachloride 
Vinyl acetate 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
Trichloroethene (TCE) 
Dibromochloromethane 
1,1.2—Trichloroethane 
Benzene 
trans-1,3-Dichloropropene 
Bromoform 
4-MethyK2-Pentanone (MIBK) 
2-Hexanone 
Tetrachloroethene (PCE) 
1,1.2.2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (total) 
2-Chloioethyl vinyl ether 

2.80E-09 5.85E-09 E 1.55E-08 E 1.13E-08 E 8.88E-09 
2.27E-40 JB 1.41E-09 3.39E-40 1.16E-09 7.S5E-40 

< 2.80E-10 < 2.66E-40 < 2.82E40 < 2.91E-40 < 2.80E-10 
< 2.80E-40 < 2.66E-40 < 2.82E40 < 2.91E-40 < 2.80E-40 

2.79E-10 JB 2.29E-40 JB 1.93E-40 JB 1.66E-40 JB 2.17E-40 
6.91E-08 E 4.48E-09 6.39E-09 7.47E-09 2.19E-08 

< 1.40E-40 < 1.33E-40 < 1.41E-40 < 1.45E-40 < 1.40E-40 
< 1.40E-40 < 1.33E-40 < 1.41E-40 < 1.45E-40 < 1.40E-40 
< 1.40E-40 < 1.33JM0 < 1.41E-10 < 1.45E40 < 1.40E-40 
< 1.40E-40 < 1.33E-40 < 1.41E-40 < 1.45E-40 < 1.40E40 

5.63E-41 J 5.63E41 J 5.63E-41 J 5.63E-41 J 5.63E-41 
< 1.40E-40 < 1.33E40 < 1.41E-10 < 1.45E-40 < 1.40E-40 
< 2.80E-O9 < 2.66&09 < 2.82E-09 < 2.91E-09 < 2.80E-O9 
< 1.40E-40 < 1.33E40 < 1.41E-40 < 1.45E-40 < 1.40E40 
< 1.40E-40 < 1.33E-40 < 1.41E-40 < 1.45E40 < 1.40E-40 
< 5.61E-40 < 5.32E-10 < 5.64E-40 < 5.81E-10 < 5.60E-10 
< 1.40E-40 < 1.33E-40 < 1.41E-10 < 1.45E-40 < 1.40E-40 
< 1.40E40 < 1.33E-40 < 1.41E-40 < 1.45B40 < 1.40E-40 
< 1.40E-40 < 1.33E-40 < 1.41E-40 < 1.45E40 < 1.40E-10 
< 1.40E-40 < 1.33E-40 < 1.41E40 < 1.45E-40 < 1.40E-40 
< 1.40E-40 < 1.33E-40 < 1.41E-40 < 1.45E40 < 1.40E-10 
< 1.40E-10 < 1.33E-40 < 1.41E-10 < 1.45E-40 < 1.40E-40 

2.78E40 JB 1.22JM0 JB 1.92E-40 JB 1.95E-40 JB 1.97E-40 
< 1.40E-40 < 1.33E-40 < 1.4UM0 < 1.45E-40 < 1.40E-40 
< 1.40E-40 < 133E40 < 1.41B40 < 1.45E-40 < 1.40E-10 
< 2.80E-09 < 2.66E-09 < 2.82E-09 < 2.9TE-09 < 2.80E-09 
< 2.80E-09 < 2.66E-09 < 2.82E-09 < 2.91&09 < 2.80E-09 
< 1.40E-40 < 133E-40 < 1.41E-40 < 1.45E-40 < 1.40E-40 
< 1.40E-40 < 133E-40 < 1.4TE-40 < 1.45E-40 < 1.40E-40 

1.40E-40 JB 8.5UM1 JB 1.24E-10 JB 1.02E-40 JB 1.13E-40 
< 1.40E-40 < 133E-40 < 1.41E40 < 1.45E-40 < 1.40EH.0 
< 1.40E-40 < 133E-40 < 1.41E-10 < 1.45E-40 < 1.40E-40 

4.77E-41 J 1.60E-41 J 3.39&41 J 2.62E41 J 3.09E-41 
1.07E-40 3.46E-41 J 7.90E-41 8.43E-41 J 7.61E41 

< 5.61B40 < 532E40 < 5.64E-40 < 5.81JM0 < 5.60E-40 

B = Compound also detected in blank. Reported values are not blank corrected. 
J=Estimated value below the detection limit. 
E= Estimated value above the detection limit. 
(2) Detection limit values included in overall average. 
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Table 7-12 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T1) 
(Continued) 

TEST DATA; 
Test run number 1 1 1 1 1 
Test location OUTLET OUTLET OUTLET OUTLET OUTLET 
Test date 01-31-96 01-31-96 01-31-96 01-31-96 
Test time 1846-1926 2052-2132 2153-2233 2242-2322 
Test tube pair 1 3 4 5 AVERAGE <2' 

VOST EMISSIONS (ug/dscm): 
Chloromethane (Methyl Chloride) 4.49E401 9.37E+01 E 2.49E-HE E 1.82E402 E 1.42E+02 
Bromometbane (Methyl Bromide) 3.64E+00 JB 2.26E+01 5.42E-H» 1.86E+01 1.26E-HH 
Vinyl Chloride < 4.49E-+O0 < 4.26E+00 < 4.52E400 < 4.66E+00 < 4.48E+00 
Chloroethane (Ethyl Chloride) < 4.49E-K» < 4.26E4O0 < 4.52E-K» < 4.66E-K» < 4.48E-H» 
Methylene chloride 4.47E400 JB 3.68E-K» JB 3.08E4O0 JB 2.67E+00 JB 3.47E-H» 
Acetone 1.11E+03 E 7.17E+01 1.02E+02 1.20E-KE 3.50E-KT2 
Carbon Disulfide < 2.24E-H» < 2.13E+C0 < 2.26E+00 < 2.33E400 < 2.24E+00 
1,1-Dichloroethene < 2.24E+O0 < 2.13E+O0 < 2.26E4O0 < 2.33E+00 < 2.24E-+O0 
1,1-Dichloroethane < 2.24E+00 < 2.13EW» < 2.26E+O0 < 2.33E+00 < 2.24E4O0 
1.2-Dichloroethene (trans) < 2.24E4O0 < 2.13E-MM < 2.26E400 < 2.33E-M» < 2.24E-MM 
Chloroform 9.01E-01 J 9.01E-01 J 9.01E-01 J 9.01E-01 J 9.01E-01 
1.2-Dichloroethane (EDC) < 2.24E+O0 < 2.13E-M» < 2.26E+00 < 2.33EHX) < 2.24E+00 
2-Butanone (MEK) < 4.49E+01 < 4.26E+01 < 4.52E-+01 < 4.66E+01 < 4.48E401 
1.1.1-Trichlorcethane (TCA) < 2.24E+00 < 2.13E+00 < 2.26E-M» < 2.33E-M» < 2.24E-M» 
Carbon Tetrachloride < 2.24E+O0 < 2.13BH» < 2.26E+00 < 2.33E+O0 < 2.24E+00 
Vinyl acetate < 8.98EH» < 8.52E+00 < 9.04E400 < 9.31E-MM < 8.96E+00 
Bromodichloromethane < 2.24E400 < 2.13EH» < 2.26E-W» < 2.33E4O0 < 2.24E400 
1,2-Dichloropropane < 2.24E+0) < 2.13E-+O0 < 2.26E-«» < 2.33E4O0 < 2.24E-M» 
cis-1,3-Dichloropropene < 2.24E+00 < 2.13E4O0 < 2.26E-+O0 < 2.33E+00 < 2.24E-M» 
Trichloioethene (TCE) < 2.24E+00 < 2.13E-KH < 2.26E+00 < 2.33E400 < 2.24E4O0 
Dibromochloromethane < 2.24E+00 < 2.13E4O0 < 2.26E-H» < 233E400 < 2.24E400 
1,1,2-Trichloroethane < 2.24E+O0 < 2.13E-H» < 2.26E400 < 233E-+O0 < 2.24E-+«) 
Benzene 4.44E-+00 JB 1.96E4O0 JB 3.07E4O) JB 3.12E+00 JB 3.15E4O0 
trans-1 3-Dichloropropene < 2.24E+O0 < 2.13E4O0 < 2.26E-M» < 2.33E+0O < 2.24E-H» 
Bromoform < 2.24EH» < 2.13E+00 < 2.26E+00 < 2.33E+00 < 2.24E-H» 
4-MethyH2-Pentanone (MIBK) < 4.49E401 < 4.26E-+01 < 4.52E+01 < 4.66E-+01 < 4.48E+01 
2-Hexanone < 4.49E+01 < 4.26E+01 < 4^2E-+01 < 4.66E401 < 4.48E401 
Tetrachlcioethene (PCE) < 2.24E+00 < 2.13E+O0 < 2.26E-+O0 < 2.33E-H» < 2.24E-M» 
1,1,2,2-Tetrachloroethane < 2.24E+00 < 2.13E400 < 2.26E+00 < 2.33E4O0 < 2.24E+00 
Toluene 2.24E+00 JB 1.36E+O0 JB 1.99E4O0 JB 1.63E400 JB 1.81E4O0 
Chlorobenzene < 2.24EW» < 2.13E+00 < 2.26E-K» < 2.33E-+«) < 2.24E+00 
Ethylbenzene < 2.24E400 < 2.13E+O0 < 2.26E-HM < 2.33E4O0 < 2.24E400 
Styrene 7.63E-01 J 2.56E-01 J 5.42E01 J 4.19E01 J 4.95E-01 
Xylenes (total) 1.71EK» 5.54E-01 J 1.27E+00 135E-+<M J 1.22E4O0 
2-Chloioethyl vinyl ether < 8.98E+0) < 8.52E-M» < 9.04E+OO < 9.31E-MX) < 8.96E400 

B = Compound also detected in blank. Reported values are not blank corrected. 
J=Estimated value below the detection limit. 
E= Estimated value above the detection limit. 
(2) Detection limit values included in overall average. 
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Table 7-12 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T1) 
(Continued) 

TEST DATA; 
Test run number 
Test location 
Test date 
Test time 
Test tube pair 

OUTLET OUTLET OUTLET OUTLET OUTLET 
01-31-96 01-31-96 01-31-96 01-31-96 

1846-1926 2052-2132 2153-2233 2242—2322 
1 3 4 5 AVERAGE <2> 

VOST EMISSIONS (ppm/v): 
Chloromethane (Methyl Chloride) 
Bromomethane (Methyl Bromide) 
Vinyl Chloride 
Chloroethane (Ethyl Chloride) 
Methylene chloride 
Acetone 
Carbon Disulfide 
1.1-Dichloroethene 
1.1-Dichloroethane 
1.2-Dichloroethene (trans) 
Chloroform 
1.2^Dichloroethane (EDC) 
2-Butanone (MEK) 
l.l.t-Trichloroethane (TCA) 
Carbon Tetrachloride 
Vinyl acetate 
Bromodichloromethane 
1.2-Dichloropropane 
cis-1 J-Dichloropropene 
Trichloroethene (TCE) 
Dibromochloromethane 
1,1.2—Trichlorcethane 
Benzene 
trans-1 .3-Dichk>ropropene 
Bromoform 
4-Methyl-2-Pentanone (MIBK) 
2-Hexanone 
Tetrachloroethene (PCE) 
1,1.2.2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylenes (total) 
2-Chloroethyl vinyl ether 

2.14E-02 4.47E-02 E 1.18E-01 E 8.65E-02 E 6.78E-02 
9.21E-04 JB 5.72E-03 1.37E-03 4.72E-03 3.18E-03 

< 1.73E-03 < 1.64E-03 < 1.74E-03 < 1.79E-03 < 1.73E-03 
< 1.67E-03 < 1.59E-03 < 1.69E-03 < 1.74E-03 < 1.67E-03 

1.27E-03 JB 1.04E-03 JB 8.74E-04 JB 7.55E-04 JB 9.84E-04 
4.59E-01 E 2.97E-02 4.24E02 4.95&02 1.45E-01 

< 7.09E-04 < 6.73E-04 < 7.14E-04 < 7.36E-04 < 7.08E-04 
< 5.57E-04 < 5.29E-04 < 5.61E-04 < 5.78E-04 < 5.56E-04 
< 5.46E-04 < 5.18E-04 < 5.49E-04 < 5.66E-04 < 5.45E-04 
< 5.57E-04 < 5.29E-04 < 5.61E-04 < 5.78E-04 < 5.56E-04 

1.82E-04 J 1.82E-04 J 1.82E-04 J 1.82E-04 J 1.82E-04 
< 5.46E-04 < 5.18E-04 < 5.49E-04 < 5.66E-04 < 5.45E-04 
< 1.50E-02 < 1.42E-02 < 1.51E-02 < 1.55E-02 < 1.50E-02 
< 4.05E-04 < 3.84E-04 < 4.08E-04 < 4.20E-04 < 4.04E-04 
< 3.51E-04 < 3.33E-04 < 3.54E-04 < 3.64E-04 < 3.51E-04 
< 2.51E-03 < 2.38E-03 < 2.53E-03 < 2.60E-03 < 2.51E-03 
< 3.30E-04 < 3.13E-04 < 3.32E-04 < 3.42E-04 < 3.29E-04 
< 4.78E-04 < 4.54E-04 < 4.81E-04 < 4.96E-04 < 4.77E-04 
< 4.87E-04 < 4.62E-04 < 4.90E-04 < 5.05E-O4 < 4.86E-04 
< 4.11E-04 < 3.90E-O4 < 4.14E04 < 4.26E-04 < 4.10E-04 
< 2.59E-04 < 2.46E-04 < 2.61E-04 < 2.69E-04 < 2.59E-04 
< 4.05E-04 < 3.84E-04 < 4.08E-O4 < 4.20E-04 < 4.04E-04 

1.37E-03 JB 6.04E-04 JB 9.47E-04 JB 9.61E-04 JB 9.70E-04 
< 4.87E-04 < 4.62E-04 < 4.90E-O4 < 5.05E-04 < 4.86E-04 
< 2.14E-04 < 2.03E-O4 < 2.15E-04 < 2.22E-04 < 2.13E-04 
< 1.08E-02 < 1.02E-02 < 1.09E-02 < 1.12E-02 < 1.08E-02 
< 1.08E-02 < 1.02E-02 < 1.09E-02 < 1.12E-02 < 1.08E-02 
< 3.26E-04 < 3.09E-04 < 3.28E-04 < 3.38E-04 < 3.25E-04 
< 3.22E-04 < 3.05E-04 < 3.24E-04 < 3.34E-04 < 3.21E-04 

5.86E-04 JB 3.56E-04 JB 5.19E-04 JB 4.26E-04 JB 4.72E-04 
< 4.80E-04 < 4.55E-04 < 4.83E-04 < 4.98E-04 < 4.79E-04 
< 5.09E-04 < 4.83E-04 < 5.12E-04 < 5.28E-04 < 5.08E-04 

1.76E-04 J 5.91E-05 J 1.25E-04 J 9.68E-05 J 1.14E-04 
3.87E-04 1.26E-04 J 2.87E-04 3.06E-04 J 2.76E-04 

< 2.03EO3 < 1.92E-03 < 2.04E-03 < 2.10E-03 < 2.02E-03 

B = Compound also detected in blank. Reported values are not blank corrected. 
J=Estimated value below the detection limit. 
E= Estimated value above the detection limit. 
(2) Detection limit values included in overall average. 
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Table 7-12 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T1) 
(Continued) 

TEST DATA: 
Test run number 
Test location 
Test date 
Test time 
Test tube pair 

OUTLET OUTLET OUTLET OUTLET OUTLET 
01-31-96 01-31-96 01-31-96 01-31-96 

1846-1926 2052-2132 2153-2233 2242-2322 
1 3 4 5 AVERAGE <2 

VOST EMISSIONS (Ib/hr): 
Chloromethane (Methyl Chloride) 
Bromomethane (Methyl Bromide) 
Vinyl Chloride 
Chloroethane (Ethyl Chloride) 
Methylene chloride 
Acetone 
Carbon Disulfide 
1,1-Dichloroethene 
1,1-Dichloroethane 
1.2-Dichloroethene (trans) 
Chloroform 
1.2-Oichloroethane (EDC) 
3-Butanone (MEK) 
1.1.1-Trichloroethane (TCA) 
Carbon Tetrachloride 
Vinyl acetate 
Bromodichloromethane 
1,2-Dichloropropnne 
cis-1.3-Dichloropropene 
Trichloroethene (TCE) 
Dibromochloromethane 
1.1.2-Trichlorcethane 
Benzene 
trans-1 ,3-Dicliloroprorjene 
Bromofomi 
4-Methyl-2-Pentanone (MIBK) 
2-Hexanone 
Tetrachloroethene (PCE) 
1.1.2.2-Tetrachloioethane 
Toluene 
Qdorobenzene 
Ethylbenzene 
Styrene 
Xylenes (total) 
2-Chloroethyl vinyl ether 

1.68E-04 3.51E-04 E 9.31E-04 E 6.80E-04 E 5.33E-04 
1.36&05 JB 8.46&05 2.03E-O5 6.98E-05 4.71E-05 

< 1.68E-05 < 1.60E-05 < 1.69E-05 < 1.74E-05 < 1.68E-05 
< 1.68E-05 < 1.60E-05 < 1.69E-05 < 1.74&05 < 1.68E-05 

1.67E-05 JB 1.38E-05 JB 1.16E-05 JB 9.99E-06 JB 1.30E-05 
4.15E-03 E 2.69E-04 3.84E-04 4.48E-04 1.31E-03 

< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 

3.38E-06 J 3.38E-06 J 3.38E-06 J 3.38E-06 J 3.38E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 1.68E-04 < 1.60E-04 < 1.69E-04 < 1.74E-04 < 1.68E-04 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 3.36E-05 < 3.19E-05 < 3.39E-05 < 3.49&05 < 3.36E-05 
< 8.41E-06 < 7.98E-06 < 8.47E06 < 8.72E-06 < 8.39E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 8.41E06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E06 < 8.39E-06 
< 8.41E-06 < 7.98B06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 

1.67E-05 JB 7.34E-06 JB 1.15E-05 JB 1.17E-05 JB 1.18E-05 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 1.68EK)4 < 1.60E-04 < 1.69E-04 < 1.74E-04 < 1.68E-04 
< 1.68E-04 < 1.60&O4 < 1.69E-04 < 1.74E-04 < 1.68E-04 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 

8.41E06 JB 5.11B06 JB 7.45E-06 JB 6.11E-06 JB 6.77E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 8.39E-06 
< 8.41E-06 < 7.98E-06 < 8.47E-06 < 8.72E-06 < 839E-06 

2.86E-06 J 9.58E-07 J 2.03E-06 J 1.57E-06 J 1.85E-06 
6.39E-06 2.08E-06 J 4.74E-06 5.06E-06 J 4.57E-06 

< 336E-05 < 3.19E-05 < 339E-05 < 3.49E-05 < 3.36E-05 

B = Compound also detected in blank. Reported values are not blank corrected. 
J=Estimated value below the detection limit. 
E= Estimated value above the detection limit. 
(2) Detection limit values included in overall average. 
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Table 7-12 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T1) 
(Continued) 

TEST DATA; 
Test ran number 1 1 1 1 1 

Test location OUTLET OUTLET OUTLET OUTLET OUTLET 

Test date 01-31-96 01-31-96 01-31-96 01-3MI6 

Test time 1846-1926 2052-2132 2153-2233 2242-2322 

Test tube pair 1 3 4 5 AVERAGE f2> 

VOST EMISSIONS (g/sec): 
Chloromethane (Methyl Chloride) 2.12E-05 4.42E-05 E 1.17E-04 E 8.57EA5 E 6.71E-05 

Bromomethane (Methyl Bromide) 1.72E-06 JB 1.07E-05 2.56E-06 8.79E-06 5.93E-06 

Vinyl Chloride < 2.12E-06 < 2.01E-06 < 2.13E-06 < 2.20E-O6 < 2.12E-06 

Chloroethane (Ethyl Chloride) < 2.12E-06 < 2.01E-06 < 2.13E-06 < 2.20E-06 < 2.12E-06 

Methylene chloride 2.11E-06 JB 1.73E-06 JB 1.46E-06 JB 1.26E-06 JB 1.64E-06 

Acetone 5.23&04 E 3.38E-05 4.83E-05 5.64E-05 1.65E-04 

Carbon Disulfide < 1.06E-O6 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-06 

l.HDichloroethene < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-06 

1.1-Oichloroethane < 1.06E-06 < 1.01E-O6 < 1.07E-O6 < 1.10E-06 < 1.06E-06 

1.2-Dichloroethene (trans) < 1.06E-06 < 1.01E-06 < 1.07E-O6 < 1.10E-06 < 1.06E-06 

Chloroform 4.25E-07 J 4.25E-07 J 4.25E-07 J 4.25E-07 J 4.25E-07 

1.2-Dichloroethane (EDC) < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-O6 < 1.06E-06 

2-*utanone (MEK) < 2.12E-05 < 2.01E-05 < 2.13E-05 < 2.20E-05 < 2.12E-05 

1,1.1-Trichlorcethane (TCA) < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-O6 

Carbon Tetrachloride < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-06 

Vinyl acetate < 4.24E-06 < 4.02E-06 < 4.27E-06 < 4.40E-O6 < 4.23E-06 

Bromodichloromethane < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-06 

1.2-Dichloropropane < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-06 

cis-1,3-Dichloropropene < 1.06E-06 < 1.01E-06 < 1.07E-O6 < 1.10E-06 < 1.06E-O6 

Trichloroethene (TCE) < 1.06E-06 < 1.01E-06 < 1.07E-O6 < 1.10E-O6 < 1.06EO6 

Dibromochloromethane < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-O6 

1,1.2-Trichlorcethane < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-06 

Benzene 2.10E-O6 JB 9.25E-07 JB 1.45E-06 JB 1.47E-06 JB 1.49E-06 

tran9-l .3-Dichloropropene < 1.06&O6 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-06 

Bromoform < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-06 

4-MethyH2-Penlanone (MIBK) < 2.12E-05 < 2.01E-05 < 2.13E-05 < 2.20E-05 < 2.12E-05 

2-Hexanone < 2.12E-05 < 2.01E-05 < 2.13E-05 < 2.20E-05 < 2.12E-05 

Tetrachloroethene (PCE) < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-06 

1.1.2.2-Tetrachloroethane < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-06 

Toluene 1.06E-06 JB 6.44E-07 JB 9.39E-07 JB 7.69E-07 JB 8.53E-07 

Chlorobenzene < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-06 

Ethylbenzene < 1.06E-06 < 1.01E-06 < 1.07E-06 < 1.10E-06 < 1.06E-O6 

Styrene 3.60&O7 J 1.21E-07 J 2.56E-07 J 1.98E-07 J 2.34E-07 

Xylenes (total) 8.05E-07 2.6LE-07 J 5.97E-07 6.37E-07 J 5.75E-07 

2-Chloroethyl vinyl ether < 4.24E-06 < 4.02E-O6 < 4.27E-06 < 4.40E-O6 < 4.23E-06 

B = Compound also detected in blank. Reported values are not blank corrected. 
J=Estimated value below the detection limit. 
E= Estimated value above the detection limit. 
(2) Detection limit values included in overall average. 
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Table 7-13 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T2) 

TEST DATA; 
Test run number 2 2 2 2 2 2 

Test location OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET 

Test date 02-02-56 02-02-96 02-02-96 02-02-96 02-02-96 02-02-96 

Test time 1419-1459 1542-1622 1628-1708 1730-1810 1825-1914 1925-2005 

Test tube pair 1 2 3 4 5 6 

SAMPLING DATA: 
Duration, minutes 40.00 40.00 40.00 40.00 40.00 40.00 

Average dry gas meterpress, in. H2O 1.40 1.40 1.40 1.40 1.40 1.44 

Average dry gas meter temp. deg. C 7.63 9.00 9.44 10.00 10.00 10.00 

Average dry gas meter temp. deg. F 45.73 48.20 48.99 50.00 50.00 50.00 

Average absolute meter temp. deg. R 505.73 508.20 508.99 510.00 510.00 510.00 

Actual sample volume, liters 21.930 21.491 21.148 21.265 21.755 11 T--1 

Meter box calibration. Y 1.0060 1.0060 1.0060 1.0060 1.0060 1.0060 

Barometric pressure, in. Hg 29.59 29.59 29.59 29.59 29.59 29.59 

Sample volume, dscf 0.8069 0.7869 0.7732 0.7759 0.7938 0.8109 

Volumetric flow rate, dscf/min ^ ' 975 975 975 975 975 975 

LABORATORY DATA, ng: M.W. 
Chloromethane (Methyl Chloride) 50.49 260.000 2000.000 E 760.000 390.000 360.000 690.000 

Bromomethane (Methyl Bromide) 94.95 68.000 180.000 93.000 85.000 73.000 150.000 

Vinyl Chloride 62.50 100.000 TJ 100.000 V 100.000 U 100.000 U 100.000 U 100.000  V 

Chloroethane (Ethyl Chloride) 64.52 100.000 V 100.000 V 100.000 U 100.000 U 100.000 u 100.000   U 

Methylene chloride 84.93 52.597 JB 76.260 JB 94.028 JB 90.074 JB 63.376 JB 75.664     J 

Acetone 5S.09 3517.553 9312.164 2648.453 J 3579.191 J 3314.012 3518.628 

Carbon Disulfide 76.13 8.000 J 50.000 TJ 50.000 u 7.000 J 9.000 J 10.000     J 

1.1-Dichlorcethene 96.94 50.000 V 50.000 U 50.000 u 50.000 U 50.000 U 50.000   V 

1.1-Dichloroethane 98.96 50.000 TJ 50.000 U 50.000 u 50.000 U 50.000 u 50.000   U 

1.2-Dichloroethene (trans) 96.94 50.000 TJ 50.000 u 50.000 u 50.000 U 50.000 u 50.000   U 

Chloroform 119.37 20.396 J 19.890 J 19.542 J 19.612 J 20.064 J 20.496     J 

1.2-Dichloroethane (EDC) 98.96 50.000 V 50.000 u 50.000 u 50.000 V 50.000 u 50.000   U 

2-Butanone (MEK) 72.12 1000.000 V 1000.000 u 1000.000 TJ 1000.000 U 1000.000 u 1000.000   U 

1.1.1-Trichloroethane (TCA) 133.40 50.000 V 50.000 V 50.000 V 50.000 TJ 50.000 u 50.000   U 

Carbon Tetrachloride 153.81 50.000 V 50.000 u 50.000 V 50.000 V 50.000 u 50.000   U 

Vinyl acetate 86.09 200.000 V 200.000 u 200.000 V 200.000 V 200.000 u 200.000   V 

Bromodichloramethane 163.83 50.000 V 50.000 TJ 50.000 V 50.000 U 50.000 u 50.000   V 

1,3-Dichloropropane 112.99 50.000 TJ 50.000 U 50.000 u 50.000 V 50.000 u 50.000   TJ 

cis-1.3-Dichloropropene 110.98 50.000 TJ 50.000 u 50.000 u 50.000 V 50.000 u 50.000   U 

Trichloroethene (TCE) 131.38 50.000 TJ 50.000 u 50.000 u 50.000 u 50.000 u 50.000   U 

Dibromochloromethane 208.29 50.000 TJ 50.000 u 50.000 u 50.000 u 50.000 u 50.000  U 

1.1.3-Trichloroethane 133.40 50.000 TJ 50.000 u 50.000 u 50.000 u 50.000 u 50.000   U 

Benzene 78.12 24.000 JB 17.000 JB 10.000 JB 30.000 JB 18.000 JB 20.000     J 

trans-1,3-Dichloropropene 110.98 50.000 TJ 50.000 u 50.000 TJ 50.000 u 50.000 u 50.000   U 

Bromoform 252.75 50.000 TJ 50.000 u 50.000 V 50.000 u 50.000 u 50.000  U 

4-MethyM-f entanone (MIBK) 100.18 1000.000 TJ 1000.000 u 1000.000 V 1000.000 u 1000.000 V 1000.000   U 

2-Hexanone 100.18 1000.000 TJ 1000.000 u 1000.000 V 1000.000 u 1000.000 u 1000.000  u 

Tetrachloroethene (PCE) 165.82 50.000 TJ 50.000 u 50.000 V 50.000 u 50.000 V 50.000  V 

1.1,2.3-Tetrachloroe thane 167.84 50.000 TJ 50.000 TJ 50.000 V 50.000 u 50.000 u 50.000   U 

Toluene 92.15 10.000 J 12.000 J 5.000 J 14.000 J 7.000 J 7.000     J 
Chlorobenzene 112.56 50.000 TJ 50.000 V 50.000 TJ 50.000 u 50.000 u 50.000   V 

Ethylbenzene 106.18 50.000 TJ 50.000 TJ 50.000 u 50.000 u 50.000 u 50.000   U 

Styrene 104.16 50.000 TJ 50.000 TJ 50.000 u 5.000 J 50.000 u 50.000   U 

Xylenes (total) 106.18 6.000 J 5.000 J 50.000 u 8.000 J 50.000 u 50.000   U 

2-Chloroethyl vinyl ether 106.55 200.000 TJ 200.000 TJ 200.000 u 200.000 u 200.000 u 200.000   TJ 

U = detection limit value. 
J = Estimated value below the detection limit. 
E= Estimated value above the detection limit. 
B — Compound also detected in blank. Reported values are not blank corrected. 
(1) Volumetric flow rate based on average of Particulate/HCl and MMTX tests flow measurements. 
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Table 7-13 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T2) 
(Continued) 

TEST DATA: 
Test run Dumber 2 2 2 2 2 2 2 

Test location OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET 

Test date 02-02-96 02-02-96 02-02-96 02-02-96 02-02-96 02-02-96 

Test time 1419-1459 1542-1622 1628-1706 1730-1810 1825-1914 1925-2005 

Test lube pair 1 2 3 4 5 6 AVERAGE'21 

VOST EMISSIONS (lbs/dscf): 
Ch brome that» (Methyl Chbride) 7.10E-10 5.60E-09 E 2.17E-09 1.11E-09 1.00E-09 1.88E-09 2.08E-09 

Bromomethane (Methyl Bromide) 1.86E-10 5.04E-10 2.65E-10 2.42E-10 2.03E-10 4.08E-10 3.01E-10 

Vroyl Chloride < 2.73E-10 < 2.80E-10 < 2.85E-10 < 2.84E-10 < 2.78E-10 < 2.72E-10 < 2.79E-10 

Chbroerbane(EtnylChbride) < 2.73E-10 < 2.80E-10 < 2.85E-10 < 2.84E-10 < 2.78E-10 < 2.72E-10 < 2.79E-1P 

Methylene chbride 1.44E-10 JB 2.14E-10 IB 2.68E-10 JB 2.56B-10 JB 1.76E-10 JB 2.06E-10 JB 2.11E-10 

Acetone 9.61E-09 2.61E-08 7.55E-09 J 1.02E-08 J 9.20&09 9.57B-09 1.20E-08 

Carbon DisuKide 2.19E-11 J < 1.40E-10 < 1.43E-10 1.99E-I1 I 2.5 06-11 J 2.72E-11 J < 6.28E-11 

1,1-Dichbroetflene < 1.37B-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39B-10 < 1.36E-10 < 1.39E-10 

1,1-Dicnbroethane < 1.37E-10 < 1.40E-1O < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 

1,2-Dichbroetfaeiie (trans) < 1.37E-10 < 1.4CE-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 

Chloroform 5.57E-11 J 5.57E-11 J 5.57E-11 J 5.57E-11 J 5.57E-1I J 5.57E-11 J 5.57E-11 

1,2-Dicnbroetbane (EOC) < 1.37E-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 

2-Butuiaie (MEK) < 2.73E-09 < 2.80E-09 < 2.85E09 < 2.84E-09 < 2.78E-09 < 2.72E-09 < 2.79E-09 

U.l-Tricbbroelhane (TCA) < 1.37E-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-I0 
Carbon Tetrachbride < 1.37E-10 < 1.4OE-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 
Vkjyl acetate < 5.46E-10 < 5.6OE-10 < 5.70E-1O < 5.68E-10 < 5.55E-10 < 5.44E-10 < 5.57E-10 
Bromodichbromerhane < 1.37E-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 
1,2-Dkhbropropane < 1.37E-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36B-10 < 1.39E-10 
cis-l,3-DicribropropBDe < 1.37E-10 < 1.4CE-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39&-10 
Trithbroethene (TCE) < 1.37E-I0 < 1.40E-10 < 1.43E-10 < 1.42B-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 
Dibromocbbromefhane < 1.37E-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 
1,1,2-Tricbbrcetbane < 1.37E-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 
Benzene 6.56E-11 IB 4.76E-11 IB 2.85E-11 JB 8.52E-11 JB 5.00B-11 JB 5.44E-11 JB 5.52E-11 
trau f~l 3-Dich bropropen e < 1.37E-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 
Bromotbrm < 1.37E-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < I.39E-10 
4-Methyl-2-I,entaDciie (MIBK) < 2.73E-09 < 2.80E-09 < 2.85E-09 < 2.84E-09 < 2.78&09 < 2.72E-09 < 2.79E-09 
2-Hennooe < 2.73E-09 < 2.80&09 < 2.85E-09 < 2.84E-09 < 2.78B09 < 2.72E-09 < 2.79E-09 
Tetrachbroe&ene (PCE) < 1.37E-10 < 1.4CE-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 
1.1.2,2-Tenachbroethane < I.37E-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 
Tokieoe 2.73E-11 J 3.36E-11 I 1.43E-11 J 3.98E-11 J 1.94E-11 J 1.90E-11 J 2.56E-11 
Chbrobsozene < 1.37E-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 
Etfayibenzeoe < 1.37E-10 < 1.40E-10 < 1.43E-10 < 1.42E-10 < 1.39E-10 < 1.36E-10 < 1.39E-10 
Styrene < 1.37E-10 < 1.40E-10 < 1.43E-10 1.42E-U J < 1.39E-10 < 1.36E-10 < 1.18E-10 
Xykoes (total) 1.64E-11 J 1.40E-11 J < 1.43E-10 2.27E-11 J < 1.39E-10 < 1.36E-10 < 7.84E-11 
2-Chbioethyl viiyl efter < 5.46E-10 < 5.60E-10 < 5.70E-10 < 5.68E-10 < 5J5E-10 < 5.44E-10 < 5J7E-10 

B = Compound also detected h blank. Reported vahics are not blank corrected. 
}=Estimated value below the detection limit. 
Es Estimated value above the detection limit. 
(2) Detection limit values iieluded h overall average. 
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Table 7-13 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T2) 
(Continued) 

TESTI1ATA: 
Test mn number 2 2 2 2 2 2 2 
Test location OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET 
Test date 02-02-96 02-02-96 02-02-96 02-02-96 02-02-96 02-02-96 
Test time 1419-1459 1542-1622 1628-1706 1730-1810 1825-1914 1925-2005 
Test tube pair 1 2 3 4 5 6 AVERAGE12' 

VOST EMISSIONS (ug/dscm): 
Chbrometharte (Methyl Chbride) 1.14EW1 8.97E401 E 3.47EHH 1.77E-W1 1.60E+01 3.00E+01 3.33E+01 
Bromomethane (Methyl Bromide) 2.98E-KJ0 8.08E*O0 4.25EtO0 3.87E+O0 3.25E+O0 6.53E+O0 4.82E+O0 
Viiyl Chbride < 4.38E+O0 < 4.49E+O0 < 4.57E+00 < 4.55E+O0 < 4.45E4O0 < 4.35E+O0 < 4.46E+00 
Cibroetbane (Ethyl Chloride) < 4.38E+O0 < 4.49E+O0 < 4.57E+00 < 4.55E4O0 < 4.45E+00 < 4.35E+O0 < 4.46E+00 
Metfaylene cfa bride 2.3OE+O0 JB 3.42E+O0 JB 4.29E-HJ0 JB 4.10E+O0 JB 2.82E+O0 JB 3.29E4O0 JB 3.37E4O0 
Acetone 1.S4E402 4.18E+02 1.2IE-W2 J 1.63E+02 J 1.47E+02 1.53E+02 1.93E402 
Carbon Disulfide 3.50E-01 J < 2.24E-KI0 < 2.28E-HJ0 3.19E-01 J 4.00E-01 J 4.35E-01 J < 1.01E4O0 
1.1-Dich broetben e < 2.19E+00 < 2.24E4O0 < 2.28E400 < 2.28E-fO0 < 2.22E+00 < 2.18E+O0 < 2.23E+00 
1,1-Dichbroetbane < 2.19E400 < 2.24E+00 < 2.28E4O0 < 2.28E+O0 < 2.22E+O0 < 2.18E+O0 < 2.23E+00 
1,2-Dicbbroetbene (trans) < 2.19E+O0 < 2.24E4O0 < 2.28E+00 < 2.28E+O0 < 2.22E4O0 < 2.18E+00 < 2.23E+00 
Ch broform 8.92E-01 J 8.92E-01 J 8.92E-01 J 8.92E-01 J 8.92E-0I J 8.92E-01 1 8.92E-01 
1.2-Dichbroelhane (EDQ < 2.19E4O0 < 2.24E+O0 < 2.28E-*O0 < 2.28E+00 < 2.22E+00 < 2.18E+00 < 2.23E+O0 
2-Butanme (MEK) < 4.3SE+01 < 4.49E+01 < 4.57E+01 < 4.55E+01 < 4.45E+01 < 4.35E-K11 < 4.46E+01 
U,J-Trichbroetbane (TCA) < 2.19E+00 < 2.24E+00 < 2.28EW0 < 2.28E4O0 < 2.22E+O0 < 2.18E+O0 < 2.23E+O0 
Carbon Tetracfabride < 2.19EW0 < 2.24E+O0 < 2.28E+00 < 2.28E4O0 < 2.22E4O0 < 2.18E+O0 < 2.23E+00 
Vijylaceöte < 8.75E4O0 < 8.97E+00 < 9.13E+O0 < 9.10E+00 < 8.90E-MJ0 < 8.71E+O0 < 8.93E+00 
Bromodjdibromethane < 2.19E-*O0 < 2.24E+O0 < 2.28EW0 < 2.28E+00 < 2.22EtO0 < 2.18E+00 < 2.23E4O0 
1.2-Oicntaropropane < 2.19E-K10 < 2.24E4O0 < 2.28E+00 < 2.28E+00 < 2.22EW0 < 2.18E+00 < 2.23E+O0 
cis-l,3-Dichbropiopane < 2.19E+O0 < 2.24E4O0 < 2.28E+O0 < 2.28E-4O0 < 2.22E+O0 < 2.18E4O0 < 2.23E-+O0 
Trkfcbroetberje (TCE) < 2.19E+00 < 2.24E+00 < 2.28E+00 < 2.28E4O0 < 2.22E+O0 < 2.18E+00 < 2.23E+O0 
Dibromochbromeäiane < 2.19E4O0 < 2.24E+O0 < 2.28E+00 < 2.28E+O0 < 2.22E+00 < 2.18E4O0 < 2.23E+O0 
1,1 ,2-Trich broeth an e < 2.19E+00 < 2.24EWD0 < 2.28E+00 < 2.28E+O0 < 2.22E-HJ0 < 2.18E+O0 < 2.23E-K10 
Benzene 1.05E+00 JB 7.63E-01 JB 4.57E-01 JB 1.37E+00 JB 8.01E-01 JB 8.71E-0I JB 8.84E-01 
trans-13-Dicrjbropropene < 2.19EHJ0 < 2.24E+00 < 2.28E400 < 2.28E+00 < 2.22E-W0 < 2.18E+O0 < 2.23E+O0 
Bromoform < 2.19E-KJ0 < 2.24E-W0 < 2.28BM>0 < 2.28E+00 < 2.22E4O0 < 2.18E+O0 < 2.23E+O0 
4-Melhyl-2-Pen1anciie (MIBK) < 4.38E*01 < 4.49B+01 < 4.57E+01 < 4.55EW1 < 4.45E+01 < 4.35E+01 < 4.46E+01 
2-4foanone < 4.3SE401 < 4.49E+01 < 437E+01 < 4.55E+01 < 4.45E+01 < 4.35E+01 < 4.46E401 
Tetrach broe&ene (PCE) < 2.19E+00 < 2.24E4O0 < 2.28E+00 < 2.28E+O0 < 2.22E-+O0 < 2.18E+O0 < 2.23EK10 
1,1,2,^-Tetrachbioethane < 2.19E4O0 < 2.24E+O0 < 2.28E4O0 < 2.28E+00 < 2.22E4O0 < 2.18E+00 < 2.23EW0 
Toluene 4.38E-01 I 5.38E-01 J 2.28E-01 J 6.37E-01 J 3.11E-01 J 3.05E-01 J 4.10E-01 
Chbrotenzeoe < 2.19E+O0 < 2.24E+00 < 2.28E+00 < 2.288*00 < 2.22E+O0 < 2.18E+O0 < 2.23E4O0 
Etbylbenzene < 2.19E+O0 < 2.24E+00 < 2.28E+O0 < 2.28E4O0 < 2.22E+O0 < 2.18E+O0 < 2.23E400 
Styrene < 2.19E+O0 < 2.24E+O0 < 2.28E+O0 2.28E-01 J < 2.22E+O0 < 2.18E+00 < 1.89EKI0 
Xylenes (»la I) 2.63E-01 J 2.24E-01 J < 2.28E+00 3.64E-01 J < 2.22E+00 < 2.18E+00 < 1.26E-KI0 
2-CJtbioethyl vinyl ether < 8.75E4O0 < 8.97E+O0 < 9.13E*O0 < 9.10E400 < 8.90E+00 < 8.71EW0 < 8.93E+00 

B=Compound also detected fa blank. Reported values are not bkok corrected. 
J = Estimated value below the detection limit. 
E= Estimated value above the detection limit. 
(2) Detection limit values in eluded fa overall average. 
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Table 7-13 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T2) 
(Continued) 

TESTEIATA: 
Test nin Dumber 
Test bcatioo 

2 
OUTLET 

2 
OUTLET 

2 
OUTLET OUTLET 

2 
OUTLET 

2 
OUTLET OUTLET 

Test date 02-02-96 02-02-96 02-02-96 02-02-96 02-02-46 02-02-96 

Test time 1419-1459 1542-1622 1628-1708 1730-1810 1825-1914 1925-2005 

2 3 4 5 6 AVERAGE12' 
Test tube pair 1 

VOST EMISSIONS (ppm/v): 
CbbromediaDe (Methyl Chbride) 
BromometfaaDe (Methyl Bromide) 
Vkjvl Chloride < 

5.4ZE-03 
7.54B-04 
1.68E-03 < 

4.28E-02 E 
2.05E-03 
1.73E-03 < 

1.65E-02 
1.08E-03 
1.76E-03 < 

8.46E-03 
9.80E-O4 
1.75E-03 < 

7.63E-03 
8.23E-04 
1.71E-03 < 

1.43E-02 
1.66E-03 
1.68E-03 < 

1.59E-02 
1.22E-03 
1.72E-03 

Chbroetbane (Bhyl Chloride) 
Melbvlene diloride 

< 1.63E-03 < 1.67E-03 < 1.70E-03 < 1.70E-03 < 1.66E-03 < 1.62E-03 < 1.66E-03 

6.52E-04 IB 9.69E-04 B 1.22E-03 IB 1.16E-03 JB 7.99E-04 IB 9.33E-04 JB 9.55&04 

Aceuue 6.38E-02 1.73E-01 5.01E-O2 I 6.75E-02 J 6.11E-02 6.35E-02 7.98E-02 

Carbon DisuHide 1.11E-04 J < 7.09E-04 < 7.22E-04 1.01E-04 J 1.27E-04 J 1.38E-04 J < 3.18E-04 

l.t-Didtbroetbeue < 5.43E-04 < 5.57E-04 < 5.67E-04 < 5.65E-04 < 5.52E-04 < 5.40E-04 < 5.54E-04 

Ll-DicbbioethaDe < 5.32E-04 < 5.45E-04 < 5.55E-04 < 5J3&04 < 5.41E-04 < 5.29E-04 < S.43E-04 

1,2-Dichbrbelhene (trans) 
Chloroform 

< S.43E-04 < 5.57E-04 < 5.67E-04 < 5.65E-04 < 5.52E-04 < 5.40E-04 < 5.54E-04 

1.S0E-04 J 1.80E-04 B 1.80E-04 J 1.80E-04 J 1.80E-04 J 1.80E-O4 J 1.80E-O4 

1,2-Dkfcbroelhaije (EDC) < 5.32E-04 < 5.45E-04 < 5.55E-04 < 5.53E-04 < 5.41E-04 < 5.29E-04 * 5.43E-04 

2-Butaaciie (MEK) 
l.l.l-Tridjbrathaiie (TCA) 
Carbon Tetradibride 

< 1.46E-02 < 1.50E-02 < 1.52E-02 < 1.52E-02 < 1.48E-02 < 1.45E-02 < 1.49E-02 

< 3.95E-04 < 4.05E-04 < 4.12E-04 < 4.10E-04 < 4.01E-04 < 3.93E-04 < 4.03E-04 

< 3.42E-04 < 3J1E-04 < 3.57E-04 < 3.56E-04 < 3.48E-04 < 3.41E-04 < 3.49E-04 

Viiyl acetate 
BromodicDlorometbane 

< 2.45E-03 < 2J1E-03 < 2.55E-03 < 2.54E-03 < 2.49E-03 < 2.43E-03 < 2.5CE-03 

< 3.21E-04 < 3.29E-04 < 3.35E-04 < 3.34E-04 < 3.27E-04 < 3.20&O4 < 3.28E-04 

l,H3ichloropropane 
ci»-l,3-Dicfabropiopeoe 
Trichbroetheoe (TCE) 
DibromochbromBthane 

< 4.66E-04 < 4.78E-04 < 4.86E-04 < 4.85E-04 < 4.74E-04 < 4.64E-04 < 4.75E-04 

< 4.74E-04 < 4.86E-04 < 4.95E-04 < 4.93E-04 < 4.82E-04 < 4.72E-04 < 4.84E-04 

< 4.01E-04 < 4.11E-04 < 4.18E-04 < 4.17E-04 < 4.07E-04 < 3.99E-04 < 4.09E-04 

< 2.53E-04 < 2.59E-04 < 2.64E-04 < 2.63E-04 < 2.57E-04 < 2.51E-04 < 2.58E-04 

1,1 ^-Trich broethaue < 3.95E-04 < 4.05E-04 < 4.12E-04 < 4.10E-04 < 4.01E-04 < 3.93E-04 < 4.03E-04 

Benzene 3.23E-04 IB 2.35E-04B 1.41E-04 JB 4.20&04 JB 2.47E-04 IB 2.68E-04 JB 2.72E-04 

tran»-I>45ichbropropane < 4.74E-04 < 4.86E-04 < 4.95E-04 < 4.93E-04 < 4.82E-04 < 4.72E-04 < 4.84E-04 

Bromoform < 2.08E-04 < 2.14E-04 < 2.17E-04 < 2.17E-04 < 2.12E-04 < 2.07E-04 < 2.12E-04 

4-Metbyl-2-Pen1aiia>e (MIBK) < 1.05E-02 < 1.08E-02 < 1.10E-02 < 1.09E-02 < 1.07E-O2 < 1.05E-02 < 1.07E-02 

2-Hemione < 1.05E-02 < 1.08E-02 < 1.10E-02 < 1.09E-02 < 1.07&O2 < 1.05E-02 < 1.07E-02 

Tenacnbroefteoe (PCE) < 3.17E-04 < 3.26E-04 < 3.31E-04 < 3.30E-04 < 3.23E-04 < 3.16E-04 < 3.24E-04 

1.1.2.2-Tetzad>biDe&aDe < 3.14E-04 < 3.22E-04 < 3.27E-04 < 3.26E-04 < 3.19E-04 < 3.12E-04 < 3.20E-04 

Toluene 1.14E-04 I 1.41E-04 B 5.96E-05 I 1.66E-04 J 8.13E-05 J 7.96E-05 I 1.07E-04 

Chbrobemrae < 4.68E-04 < 4.80E-04 < 4.88E-04 < 4.86E-04 < 4.75E-04 < 4.65E-04 < 4.77E-04 

Ethylbeozme 
Stymie 
Xyleoes (BBl) 

< 4.96E-04 < 5.08E-04 < 5.17&04 < 5.16E-04 < 5.04E-04 < 4.93E-04 < 5.06E-O4 

< 5.05E-04 < 5.18E-04 < 5.27E-04 5.26E-05 J < 5.14E-04 < 5.03E-04 < 4.37E-04 

5.95E-05 I 5.08E-05 B < 5.17&04 8.25E-05 J < 5.04E-04 < 4.93E-04 < 2.85E-04 

2-Chbioetbyl vfay] etber < 1.98E-03 < 2.03E-03 < 2.06E-03 < 2.06E-03 < 2.01E-O3 < 1.97E-03 < 2.02E-03 

B = Compound also detected kt black. Reported values are not blank corrected. 
J=Estimated value below ifae detection limit. 
E= Estimated value above ifae detection limit. 
(2)DBtection limit values nckided ki overall average. 
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Table 7-13 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T2) 
(Continued) 

TEST DATA; 
Test run number 2 2 2 2 2 2 2 

Test location OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET 

Test date 02-02-96 02-02-96 02-02-96 02-02-96 02-02-96 02-02-96 

Test time 1419-1459 1542-1622 1628-1708 1730-1810 1825-1914 1925-2005 

Test tube pair 1 2 3 4 5 6 AVERAGE'2' 

VOST EMISSIONS (Ib/nr): 
Chbromelnane (MeftiyJ Ch bride) 4.16E-05 3.28&04 E 1.27E-04 6.48E-05 5.85E-05 1.10E-04 1.22E-04 

BromomerbaDe {Meftiyl Bromide) 1.09E-05 2.95E-05 1.55E-05 1.41E-05 1.19E-05 2.39&05 1.76E-05 
Viiyl Cbbride < 1.60E-05 < 1.64E-05 < 1.67&05 < 1.66E-05 < 1.62E-05 < 1.59E-05 < 1.63E-05 

Clbroetaue (E*yl Cfcbride) < 1.6(E-05 < 1.64E-05 < 1.67E-05 < 1.66E-05 < 1.62&05 < 1.59E-05 < 1.63E-05 

Meftylene cbbride 8.41E06 JB 1.25E-05 JB 1.57E-05 JB 1.50E-05 JB 1.03E-05 JB 1.20E-05 JB 1.23E-05 

Acetone S.62E-04 1.53E-03 4.42E-04 J 5.95E-04 J 5.38E-04 5.60E-04 7.04E-04 

Carbon DisutTide 1.28E-06 J < 8.19E-06 < 8.34E-06 1.16E-06 J 1.46E-06 J 1.59&06 J < 3.67E-06 

Ll-Didibroetheoe < 7.99E-06 < 8.19E-06 < 8.34E-06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
l.l-Dicnbroetbane < 7.99E-06 < 8.19E-06 < 8.34E-06 < 8.31E06 < 8.12E-06 < 7.95E-06 < 8.I5E-06 
1,2-üicbbroerbene (trans) < 7.99E-06 < 8.19E-06 < 8.34&06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15B06 
Cnbrolbrm 3.26B-06 J 3.26E-06 J 3.26E-06 J 3.26&06 J 3.26E-06 J 3.26E-06 J 3.26B4J6 

1,2-Dichbroethane (EDC) < 7.99E-06 < 8.I9E-06 < 8.34E-06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
2-Butanaie (MEK) < 1.60E-04 < 1.64E-04 < 1.67E-04 < 1.66E-04 < 1.S2E-04 < 1.59E-04 < 1.63E-04 

U.l-Tricbbreerbane (TCA) < 7.99E-06 < 8.19E-06 < 8.34E-06 < 8.31E-06 < 6.12E-06 < 7.95E-06 < 8.15E-06 
Carbon Tetradibride < 7.99E-06 < 8.19E-06 < 8.34E-06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
Vby] acetete < 3.20E-05 < 3.28&05 < 3.34E-05 < 3.32E-05 < 3.25E-05 < 3.18E-05 < 3.26E-05 
BromodicDbromelhane < 7.99E-06 < 8.19E-06 < 8.34E-06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
1,2-DktibrotropaQe < 7.99E-06 < 8.19E-06 < 8.34E-06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
cis-l,3-Dichtaropropane < 7.99E-06 < 8.19&06 < 8.34E-06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
Tries broeftune (TCE) < 7.99&06 < 8.19E-06 < 8.34E-06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
Dibroroocnbronztbane < 7.99E-06 < 8.19E-06 < 8.34E-06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
1,1.2-TrichbnMhane < 7.99B-06 < 8.19&06 < 8.34&06 < 8.31E-06 < 8.12&06 < 7.95E-06 < 8.15E-06 
Benzene 3.84E-06 JB 2.79E-06 JB 1.67E-06 JB 4.996-06 JB 2.92E-06 JB 3.18E-06 JB 3.23E-06 
trans-l,3-DicbbropropBne < 7.99E-06 < 8.19E-06 < 8.34E-06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
Bromoform < 7.99E-06 < 8.19E-06 < 8.34E-06 < 8.31&06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
♦**thyl-2-Pentanciie (MIBK) < 1.60E-04 < 1.64E-04 < 1.67E-04 < 1.66E-04 < 1.62E-04 < 1.59E-04 < 1.63E-04 
2-Hwonone < 1.6(E-04 < 1.64E-04 < 1.67&04 < 1.66E-04 < 1.62E-04 < 1.59E-04 < 1.63E-04 
Tetradibroetbeiie (PCE) < 7.99E-06 < 8.19E-06 < 8.34E-06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
1,1,2.2-Tetracbbioelhane < 7.99&06 < 8.19B06 < 8.34E-06 < 8.31&06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
Toluene 1.60&06 J 1.97&06 J 8.34E-07 J 2.33E-06 J 1.14E-06 J 1.11E-06 J 1.50EO6 
CnbrobsDzene < 7.99E-06 < 8.19E-06 < 8.34E-06 < 8.31B-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
Etbylbenzene < 7.99E-06 < 8.19&06 < 8.34E-06 < 8.31E-06 < 8.12E-06 < 7.95E-06 < 8.15E-06 
Styrcoe < 7.99E-06 < 8.19B-06 < 8.34E-06 8.3UK17 J < 8.12E-06 < 7.95E-06 < 6.91E-06 
Xylenes (total) 9J9E-07 J 8.19E-07 J < 8.34E-06 1.33E-06 J < 8.12E-06 < 7.95E-06 < 4.59E-06 
2-Chbioethyl vbyl ether < 3.20E-05 < 3.28E-05 < 3.34E-05 < 3.32B05 < 3.25E-05 < 3.18E-05 < 3.26E-05 

B = Compound also detected b bhnk. Beported values are not blank corrected. 
3=Estimated vakie below the detection limit. 
& Estimated vakie abo» tie detection limit. 
(2) Detection limit values »eluded ii overall average. 
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Table 7-13 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T2) 
(Continued) 

TEST DATA: 
Test run number 2 2 2 2 2 2 2 

Test location OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET 

Test da is 02-02-96 02-02-96 02-02-96 02-02-96 02-02-96 02-02-96 

Test time 1419-1459 1542-1622 1628-1708 1730-1810 1825-1914 1925-2005 

Test tube pair 1 2 3 4 5 6 AVERAGE'21 

VOST EMISSIONS (g/sec): 
Oilorometbane (Methyl Chloride) 5.24E-06 4.13E-05 E 1.60E-05 8.17E-06 7.37E-06 1.3&E-05 1.53E-05 

Bromometharje (Methyl Bromide) 
Viiyl Chloride 
Chbroethane (Ethyl Chloride) 

< 
1.37E-06 
2.01E-06 < 

3.72E-06 
2.06E-06 < 

1.95E-06 
2.I0E-06 < 

1.78E-06 
2.09E-06 < 

1.49E-06 
2.05E-06 < 

3.01E-06 
2.00E-06 < 

2.22E-06 
2.05E-06 

< 2.01E-06 < 2.06E-06 < 2.I0E-06 < 2.09E-06 < 2.05E-06 < 2.00E-06 < 2.05E-06 

Methybne chloride 
Acetone 

1.06E-06 JB 1.57E-06 JB 1.98E-06 JB 1.89E-06 JB 1.30E-06 JB 1.52E-06 JB 1.55E-06 

7.08E-05 1.92E-04 5.57E-05 J 7.50E-05 J 6.78E-05 7.05E-05 8.87E-05 

Carbon Disulfide 1.61E-07 J < 1.03E-06 < 1.05E-06 1.47E-07 J 1.84E-07 J 2.00E-07 J < 4.63E-07 

1,1-Dicfa loroetbene < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-O6 < 1.02E-06 < 1.00E-06 < 1.03E-06 

1.1-Oicfa loroethane < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-O6 < 1.02E-06 < 1.00E-06 < I.03E-06 

1,2-Dkhbroetbene (trans) 
Chloroform 

< 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < 1.00E-06 < 1.03E-06 
4.11E-07 J 4.11E-07 J 4.11E-07 J 4.11E-07 J 4.11E-07 J 4.11E-07 J 4.11E-07 

1.2-Oicb loroethane (EOC) < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < 1.00E-06 < 1.03E-O6 

2-Butancne (MEK) 
1.1.1-Tridibroethane (TCA) 

< 2.01E-O5 < 2.06E-05 < 2.10E-05 < 2.09E-O5 < 2.05E-05 < 2.00E-05 < 2.05E-05 
< 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < 1.00E-06 < 1.03E-06 

Carbon Tetracbbride < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < 1.00E-06 < 1.03E-06 

Vkiy] acetate < 4.03E-O6 < 4.13E-06 < 4.20E-06 < 4.19E-06 < 4.09E-06 < 4.01E-06 < 4.11E-06 

BromocBcfabrometbane < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < 1.00E-06 < 1.03E-06 

l.JOichbropropane < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < 1.00E-06 < 1.03E-06 

cis-l,3-Dicnbropropene < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < 1.00E-06 < 1.03E-O6 

Trichbroethene (TCE) < 1.01E-06 < 1.03E-O6 < 1.05E-06 < 1.05E-06 < 1.02E-06 < 1.00E-06 < 1.03E-06 

DibromocbbromBthane < 1.0I&06 < 1.03E-06 < 1.05E-O6 < 1.05E-06 < 1.02E-06 < l.OOE-06 < 1.03E-06 

1.1.2-Trichbroethane < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < 1.00E-06 < 1.03E-06 

Benzene 4.83E-07 JB 3J1E-07 JB 2.10E-07 JB 6.28E-07 JB 3.68E-07 JB 4.01E-07 JB 4.07E-07 

tran s-13-Dicb bropropen e < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < 1.00E-06 < 1.03E-06 

Bromotbrm < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < l.OOE-06 < 1.03E-06 

4-MB*yl-2-PenBncne (MIBK) < 2.01E-05 < 2.06E-05 < 2.10E-05 < 2.09E-05 < 2.05E-05 < 2.00E-05 < 2.05E-05 

2-Hexanone < 2.01E-05 < 2.06E-05 < 2.10E-05 < 2.09E-05 < 2.05E-05 < 2.00E-05 < 2.05E-05 

TetrachbroeThene (PCE) < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < i.OOE-06 < 1.03E-06 

1,1,2,2-Tetracbbroethane < 1.01E-06 < 1.03E-O6 < 1.05E-06 < 1.05E-06 < 1.02E-O6 < 1.00E-06 < 1.03E-06 

Toluene 2.01E-07 J 2.48E-07 J 1.05E-07 J 2.93E-07 J 1.43E-07 J 1.40E-07 J 1.89E-07 

ChbrobBnzeae < 1.01E-O6 < 1.03E-06 < 1.05E-06 < 1.05E-O6 < 1.02E-06 < 1.00E-06 < 1.03E-06 
Etbylbeozeoe < 1.01E-06 < 1.03E-06 < 1.05E-06 < 1.05E-06 < 1.02E-06 < l.OOE-06 < 1.03E-06 

Styrene < 1.01E-06 < 1.03E-06 < I.05E-06 1.05E-07 J < 1.02E-O6 < 1.00E-06 < 8.70E-07 

Xyknes(oral) 1.21E-07 J 1.03E-07 J < 1.05E-06 1.68E-07 J < 1.02E-06 < l.OOE-06 < 5.78E-07 

2-Chtaroethyl vinyl ether < 4.03E-06 < 4.13E-06 < 4.20E-06 < 4.19E-06 < 4.09E-O6 < 4.01E-06 < 4.11E-06 

B = Compound also detected ti blank. Reported values are not bfank corrected 
J s Estimated value below ifae detection limit. 
E= Estimated value above ibe detection limit. 
(2) Detection limit values iieluded » overall average. 
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Table 7-14 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T3) 

TEST DATA; 
Test run number 
Test location OUTLET 

Test date 02-04-96 

Test time 1418-1458 

Test tube pair 1 

SAMPLING DATA: 
Duration, minutes 40.00 

Average dry gas meter press, in. H2O 1.50 

Average dry gas meter temp. deg. C 5.94 

Average dry gas meter temp, deg. F 42.69 

Average absolute meter temp. deg. R 502.69 

Actual sample volume, liters 21.420 

Meter box calibration. Y 1.0060 

Barometric pressure, in. Hg 30.28 

Sample volume, dscf 0.8116 

Volumetric flow rate, dscf/min * ' 950 

LABORATORY DATA, ng: M.W. 
Chloromethane (Methyl Chloride) 50.49 520.000     J 

Bromomethane (Methyl Bromide) 94.95 136.000     JB 

Vinyl Chloride 62.50 100.000   V 

Chloroethane (Ethyl Chloride) 64.52 100.000   I) 

Methylene chloride 54.93 138.905     B 

Acetone 58.09 2710.608 

Carbon Disulfide 76.13 11.000     J 

1. t-Dichloroethene 96.94 50.000  U 

1,1-Dichloroe thane 98.96 50.000  V 

1.3-Dichloroethene (trans) 96.94 50.000  TJ 

Chloroform 119.37 12.968     J 

1.2-Dichloroethane (EDC) 98.96 50.000  V 

2-Butanane (MEK) 72.12 1000.000   V 

1,1.1-Trichloroethane (TCA) 133.40 50.000  V 

Carbon Tetracnloride 153.81 50.000  U 
Vinyl acetate 86.09 200.000  V 

Bromodichloromethane 163.83 50.000   U 
1.2-Dichloropropane 112.99 50.000  V 
cis-1, 3-Dichloropropene 110.98 50.000   U 
Trichloroethene (TCE) 131.38 50.000   U 
Dibromochloromethane 208.29 50.000   U 
1.1.2-Trichloroethane 133.40 50.000   TJ 

Benzene 78.12 28.000     JB 
trans-1,3-Dichloropropene 110.98 50.000   TJ 

Bromoform 252.75 50.000   TJ 
4-MethyM-Penlanone (MIBK) 100.18 1000.000   TJ 

2-Hexanone 100.18 1000.000   TJ 

Tetrachloroethene (PCE) 165.82 50.000   TJ 
1,1,2,2-Tetrachloroethane 167.84 50.000   TJ 

Toluene 92.15 11.000     J 
Chlorobenzene 112.56 50.000  TJ 
Ethylbenzene 106.18 50.000  TJ 

Styrene 104.16 50.000   TJ 

Xylenes (total) 106.18 10.000     J 

2-Chloroethyl vinyl ether 106.55 200.000   TJ 

OUTLET 
02-04-96 

1503-1543 
2 

40.00 
1.50 
5.88 

42.58 
502.58 
22.233 
1.0060 
30.28 

0.8425 
950 

431.000 
237.000 B 
100.000 TJ 
100.000 TJ 
90.390 B 

2512.393 
13.000 J 
50.000 TJ 
50.000 U 
50.000 V 
13.463 J 
50.000 V 

1000.000 U 
50.000 V 
50.000 U 

200.000 V 
50.000 V 
50.000 V 
50.000 V 
50.000 V 
50.000 V 
50.000 V 
61.000 JB 
50.000 V 
50.000 V 

1000.000 V 
1000.000 TJ 

50.000 V 
50.000 V 
25.000 
50.000 V 
50.000 V 
12.000 J 
9.000 J 

200.000 TJ 

OUTLET 
02-04-96 

1600-1640 
3 

40.00 
1.48 
5.94 

42.69 
502.69 
20.770 
1.0060 
30.28 

0.7869 
950 

730.000 
78.000 

100.000 U 
100.000 U 
75.723 J] 

1553.266 J 
7.000 J 

50.000 U 
50.000 TJ 
50.000 U 
12.574 J 
50.000 U 

1000.000 TJ 
50.000 TJ 
50.000 V 

200.000 V 
50.000 V 
50.000 V 
50.000 U 
50.000 U 
50.000 U 
50.000 U 
23.000 J] 
50.000 u 
50.000 u 

1000.000 V 
1000.000 V 

50.000 V 
50.000 u 
10.000 J 
50.000 u 
50.000 u 
50.000 u 
50.000 u 

200.000 u 

3 3 3 
OUTLET OUTLET OUTLET 
02-04-96 

1652-1750 
02-04-96 

1802-1842 
02-04-96 

1910-1950 
4 5 6 

40.00 40.00 40.00 
1.49 1.50 1.50 
6.38 7.44 6.81 

43.48 45.39 44.26 
503.48 505.39 504.26 
22.441 22.218 23.278 
1.0060 1.0060 1.0060 
30.28 30.28 30.28 

0.8489 0.8373 0.8792 
950 950 950 

330.000 4600.000 E 2500.000     I 
87.000 260.000 360.000 

100.000 U 100.000 V 100.000   V 
100.000 U 100.000 u 100.000  U 
78.694 JB 114.139 JB 95.148     I 

3146.852 J 2188.704 1548.178 
7.000 J 50.000 U 6.000     J 

50.000 U 50.000 u 50.000   U 

50.000 u 50.000 u 50.000  U 
50.000 u 50.000 u 50.000  U 
13.565 J 13.380 J 14.049     J 
50.000 u 50.000 TJ 50.000  V 

1000.000 V 1000.000 U 1000.000   U 
50.000 u 50.000 U 50.000  U 
50.000 u 50.000 u 50.000   U 

200.000 u 200.000 u 200.000  U 
50.000 u 50.000 u 50.000  U 
50.000 u 50.000 u 50.000   U 
50.000 u 50.000 u 50.000   V 

50.000 u 50.000 u 50.000   U 
50.000 u 50.000 u 50.000   U 
50.000 u 50.000 u 50.000  U 
25.000 JB 19.000 JB 18.000     J 
50.000 V 50.000 u 50.000  V 

50.000 V 50.000 u 50.000   U 
1000.000 V 1000.000 V 1000.000   U 

1000.000 V 1000.000 V 1000.000  u 

50.000 V 50.000 V 50.000   U 

50.000 V 50.000 V 50.000   U 
8.000 J 7.000 J 5.000     J 

50.000 V 50.000 u 50.000  U 
50.000 V 50.000 u 50.000  U 
50.000 V 50.000 u 50.000  U 

3.000 J 3.000 J 50.000  U 
200.000 V 200.000 u 200.000   U 

U = detection limit value. 
J = Estimated value below the detection limit. 
E= Estimated value above the detection limit. 
B = Compound also detected in blank. Reported values are not blank corrected. 
(1) Volumetric flow rate based on average of Particulate/HCl and MMTL tests flow measurements. 
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Table 7-14 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T3) 
(Continued) 

TESTTJATA: 
Test njo number 3 3 3 3 3 3 3 

Test location OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET 

Test date 02-04-96 02-01-96 02-04-96 02-04-96 02-04-96 02-04-96 

Test time 1418-1458 1503-1543 1600-1640 1652-1750 1802-1842 1910-1950 

Test tube pair 1 2 3 4 5 6 AVERAGE'21 

VOST EMISSIONS (]bs/d»cf): 
Ch brometnane (Meftyl Chloride) 1.41E-09 J 1.13E-09 2.05E-09 8.57E-10 1.21E-08 E 6.27E-09 E 3.97E-09 

Bromomethane (Methyl Bromide) 3.69E-I0 JB 6.20E-10 B 2.19E-10 2.26E-10 6.85E-10 9.03E-10 5.04E-10 

ViiylCh bride 
Chbroelhane (E4yl Ch loride) 

< 2.72E-10 < 2.62E-10 < 2.80E-10 < 2.60E-10 < 2.63E-I0 < 2.5IE-10 < 2.65E-10 
< 2.72E-10 < 2.62E-10 < 2.80E-10 < 2.60E-10 < 2.63E-10 < 2.51E-10 < 2.65E-10 

Meftiykoe chbride 3.7TE-10 B 2.37E-10 B 2.12E-10 JB 2.04E-10 JB 3.01E-10 JB 2.39E-10 B 2.62E-10 

Acetone 7.36E-09 6.57E-09 4.35E-09 J 8.17E-09 J 5.76E-09 3.88E-09 6.02E-09 

Carbon Disulfide 2.99E-11 J 3.40E-11 J 1.96E-11 J 1.82E-11 J < 1.32E-10 1.50E-11 J < 4.14E-11 

1,1-Dicbbroelhene < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 

l,l-Didibroed>ane < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 

1,2-Dichbroetbene (nans) < 1.36E-10 < 1.3IE-10 < 1.40E-IO < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 

Chbroform 3.52E-11 J 3.52E-11 J 3.52E-11 J 3.52E-U J 3.52E-11 J 3.52E-11 J 3.52E-11 

1,2-Dichbroelhane (EDQ < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 

2-Butancne (MEK) < 2.72E-09 < 2.62E-09 < 2.80E-09 < 2.60E-09 < 2.63E-09 < 2J1E-09 < 2.65E-09 
1,1.1-Trichbroethaiie (TCA) < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
Carbou Teuacbbride < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
Vinyl aceöte < 5.43E-10 < 5.23E-10 < 5.60E-10 < 5.19E-10 < 5.27E-10 < 5.01E-10 < 5.29E-10 
Bromcxficn brometnane < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
1.2-Dichbropropane < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
cis-l,3-Dicnbropiopane < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
Trieb broethene (TCE) < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
DibromochbronBtnane < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
1,1,2-Trichbrcelbane < 1.35E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.2SE-10 < 1.32E-10 
Benzene 7.61E-11 JB 1.60E-10 JB 6.44E-11 JB 6.49E-11 JB 5.00E-11 JB 4J1E-11 JB 7.67E-11 
nan s-1 ,3-Dkh bropropene < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
Bromofonn < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
W**yl-3-renoncne (MIBK) < 2.72E-09 < 2.62E-09 < 2.80E-09 < 2.60E-09 < 2.63E-09 < 2.51E-09 < 2.65E-09 
2-Heranone < 2.72E-09 < 2.62E-09 < 2.80E-09 < 2.60E-09 < 163E-09 < 2J1E-09 < 2.65E-09 
Tetrachbroelhene (PCE) < 1.35E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
1,12.3-TeBachbioeftane < 1.3&E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
Toluene 2.99E-11 J 6.54E-11 2.80E-11 J 2.08E-11 J l.ME-11 J 1.25E-11 J 2.92E-11 
Chbrotxomie < 1.35E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
ElbyTbanzene < 1.36E-10 < 1.31E-10 < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.32E-10 
Styrene < 1.35E-10 3.14E-11 J < 1.40E-10 < 1.30E-10 < 1.32E-10 < 1.25E-10 < 1.16E-10 
Xylenes (total) 2.72E-11 J 2.35E-11 J < 1.40E-10 7.79E-12 J 7.90B-12 J < 1.25E-10 < 5.53E-11 
2-Chbioediy] vkiyl ether < 5.43E-10 < 5.23E-10 < 5.60E-10 < 5.19E-10 < 5.27E-10 < 5.01E-10 < 5.29E-10 

B = Compound abo detecisd in bbnL Reported values are not blank corrected. 
J=Estimated vakie below &e detection limit. 
fc Estimated value above tbe detection limit. 
(2) Detection limit values Deluded in overall average. 
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Table 7-14 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T3) 
(Continued) 

TEST DATA: 
Test run number 3 3 3 3 3 3 3 

Test location OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET 

Test date 03-04-96 02-04-96 02-04-96 02-04-96 02-04-96 02-04-96 

Test time 1418-1458 1503-1543 1600-1640 1652-1750 1802-1842 1910-1950 

Test tube pair 1 2 3 4 5 6 AVERAGE l2> 

VOST EMISSIONS (ug/dscm): 
Clbiomeftane (Metbyl Cl bride) 2.26E+01 I 1.81E401 3.28E+01 1.37E+01 1.94E+02 E 1.00E+02 E 6.36E+01 

BromometbaDe (Metbyl Bromide) 5.92E+O0 IB 9.93E4O0 B 3.50E+O0 3.62E+O0 1.10E401 1.45E401 8.07E+O0 

VijylClbride < 4.35E4O0 < 4.19E+00 < 4.49E+00 < 4.16E+O0 < 4.22E+O0 < 4.02E-*O0 < 4.24E4O0 
Clbroeiaue (Ethyl Cl bride) < 4.35E4O0 < 4.19E-H30 < 4.49E+00 < 4.16E4O0 < 4.22E+00 < 4.02E-KM) < 4.24E+O0 

Methykoe cb bride 6.04E4O0 B 3.796+O0 B 3.4CE+O0 IB 3.27E+O0 IB 4.81E+O0 IB 3.82E+O0 B 4.19E+O0 

AcetoDe 1.18E402 1.05E+O2 6.97E401 I 1.31E402 J 9.23EKU 6.22E401 9.64E+01 

CarbouDisulfide 4.796-01 J 5.45E-01 J 3.14E-01 I 2.91E-01 I < 2.11E+O0 2.41E-01 I < 6.63E-01 

1,1-Dkbbroetbeoe < 2.18E+O0 < 2.10E*O0 < 2.24E*O0 < 2.08E400 < 2.11E+O0 < 2.01E+O0 < 2.12E+O0 

l.lrDichbroetbaiie < 2.18E+O0 < 2.10E4O0 < 2.24E+O0 < 2.08E-K10 < 2.11E+O0 < 2.01E+O0 < 2.12E+O0 

1,2-Dichbroeuleue (trans) < 2.18E+00 < 2.10E4O0 < 2.24E+O0 < 2.08E4O0 < 2.11E4O0 < 2.01E+00 < 2.12E4O0 
Cbbroform 5.64E-01 J 5.64E-01 J 5.64E-01 1 5.64E-01 I 5.64E-01 I 5.64E-01 J 5.64E-01 

1.2-Oichbroefcar.e (EDC) < 2.18E+O0 < 2.10E+00 < 2.24E+O0 < 2.08E4O0 < 2.11E4O0 < 2.01E+O0 < 2.12E+00 

2-Butar.ane (MEK) < 4.35E+01 < 4.19E-W1 < 4.49EKU < 4.16E401 < 4.22E-W1 < 4.02E+OI < 4.24E-KH 

LU-Tricbbrceäiane (TCA) < 2.18E+O0 < 2.10E4O0 < 2.24E+O0 < 2.08E+O0 < 2.11E4O0 < 2.01E+00 < 2.I2E4O0 
Carbon Tetrachbride < 2.18E4O0 < 2.1OEW0 < 2.24E+00 < 2.08E+00 < 2.11E-KI0 < 2.01E+00 < 2.12E-»O0 

Viayl acetate < 8.70E4O0 < 8.38E+O0 < 8.97E+O0 < 8.32E+O0 < 8.43E+00 < 8.03E+00 < 8.47E4O0 
BromodicbbrometbaDe < 2.I8E4O0 < 2.10BtO0 < 2.24E+00 < 2.08E+O0 < 2.11E400 < 2.01E+O0 < 2.I2E4O0 
1,2-üicbbropropane < 2.18BK» < 2.10E+00 < 2.24E-tO0 < 2.08E+00 < 2.11E+O0 < 2.01E+O0 < 2.12E4O0 
cb-l.^Dichbropfopeoe < 2.18E+O0 < 2.10E+O0 < 2.24E+00 < 2.08E+O0 < 2.11E+00 < 2.01E+O0 < 2.12E+00 
Trieb broelhene (TOE) < 2.18E4O0 < 2.1CE4O0 < 2.24E+00 < 2.08E4O0 < 2.11E+O0 < 2.01E+O0 < 2.12E+00 
DibraoochbromBtbane < 2.18E+O0 < 2.10E+00 < 2.24E-KJ0 < 2.08E+00 < 2.11E+O0 < 2.01E+O0 < 2.12E+O0 
1.1,2-Tricbbrcethane < 2.18E+O0 < 2.10E4O0 < 2.24E+O0 < 2.08E4O0 < 2.11E+O0 < 2.01EW0 < 2.12E+O0 
Became 1.22E+00 JB 2J6E4O0 IB 1.03E4O0 IB 1.04E4O0 IB 8.01E-01 IB 7.23E-01 IB 1.23E+00 
trans-l,3-DicbbrcpropBne < 2.18E+00 < 2.106*00 < 2.24E+O0 < 2.08E*O0 < 2.11E+O0 < 2.01E-4O0 < 2.12E4O0 
Bromoform < 2.18E+00 < 2.10E+O0 < 2.24E4O0 < 2.08E4O0 < 2.11E+00 < 2.01E4O0 < 2.12EK10 
4-Methyl-2-Pernancoe (MIBK) < 4.35E401 < 4.19E+01 < 4.49E401 < 4.16E401 < 4.22E+01 < 4.02E+01 < 4.24E+01 
2-Heranone < 4.35E*01 < 4.19B401 < 4.496*01 < 4.16E-K11 < 4.22E+01 < 4.02E+01 < 4.24E401 
Tetrachbroelbene (PCE) < 2.18E+O0 < 2.10E+00 < 2.24E+00 < 2.08B+O0 < 2.11E+00 < 2.01E+00 < 2.12E+00 
1,1,2,2-TetracbbiDethane < 2.1SE+00 < 2.10E4O0 < 2.24E+00 < 2.0SE+O0 < 2.11E+00 < 2.01E4O0 < 2.I2E+O0 
Toluene 4.79E-01 J 1.05E+O0 4.49E-01 J 3.33E-01 I 2.95E-01 I 2.01E-01 I 4.67E-01 
Chbrobanzene < 2.18E+O0 < 2.10E+00 < 2.24E4O0 < 2.08E+O0 < 2.11E*O0 < 2.01E4O0 < 2.12E4O0 
EtbylbeoaBne < 2.18E*O0 < 2.10E+O0 < 2.24E4O0 < 2.08EW0 < 2.11E-KI0 < 2.01EW0 < 2.12E+00 
Styreoe < 2.18E400 5.03E-01 J < 2.24E4O0 < 2.08E+O0 < 2.11E-HJ0 < 2.01E+00 < 1.85E+O0 
Xykues (r>El) 4.35E-01 J 3.77E-01 I < 2.24E+00 1.25E-01 I 1.27E-01 I < 2.01E4O0 < 8.86E-01 
2-dbloetbyl viiyl efter < 8.70E4O0 < 8.38E+O0 < 8.97E400 < 8.32EK10 < 8.43E4O0 < 8.03E+00 < 8.47E+O0 

B=Compound abo detected fa bhnL Reported values are not blank corrected. 
J=Estimated value below the detection limit. 
E= Estimated value above the detection limit. 
(2) Detection limit values Deluded fa overall average. 
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Table 7-14 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T3) 
(Continued) 

TEST DATA: 
3 3 

Test run number 3 3 3 3 3 

Test location OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET 

Test date 02-01-96 02-04-96 02-04-96 02-04-96 02-04-96 02-04-96 

Test tsne 1418-1458 1503-1543 1600-1640 1652-1750 1802-1842 1910-1950 
AVERAGE121 

2 3 4 5 6 
Test tube pair 1 

VOST EMISSIONS (ppnVv): 
Chbromeäiane (Melhyl Cbbride) 
BromometiaDe (Metbyl Bromide) 
VtaylCt bride 
Chbroealane (Ethyl Chbride) 
MetbvleDe di bride 

1.08E-02 J 8.61E-03 1.56E-02 6.54E-03 9.24E-02 E 4.78E-02 E 3.03E-02 

< 
1JOE-03 JB 
1.67E-03 < 

2.52E-03 B 
1.61B03 < 

8.87E-04 
1.73E-03 < 

9.17E-04 
1.60E-03 < 

2.78E-03 
1.62E-03 < 

3.66E-03 
1.55E-03 < 

2.04E-03 
1.63E-03 

< 1.62E-03 < 1J6E-03 < 1.67E-03 < U5E-03 < 1.57E-03 < 1.50E-03 < 1.58E-03 

1.71E-03 B 1.07E-03 B 9.63E-04 JB 9.27&04 JB 1.36E-03 JB 1.08E-03 B 1.I9E-03 

Acetone 4.88E-02 4.36E-02 2.89E-02 J 5.42E-02 J 3.82E-02 2.58E-02 3.99E-02 

Carbon Disulfide 1.51E04 J 1.72E-04 B 9.93E-05 J 9.20E-O5 J < 6.66E-04 7.62E-05 J < 2.10E-04 

1,1-Dich broelben e < 5.40E-04 < 5.20E-04 < 5.57E-04 < 5.16E-04 < 5.23E-04 < 4.98E-04 < 5.26E-04 

1,1-Dich broedlan e < 5.29E-04 < 5.09E-04 < 5.45E-04 < 5.06&04 < 5.13E-04 < 4.88E-04 < 5.15E-04 

1,2-Dicbbroelbene (cans) < 5.40E-04 < 5.20E-04 < 5J7E-04 < 5.16E-04 < 5.23E-04 < 4.98E-04 < 5.26E-04 

Ctbrofonn 1.14E-04 J 1.14E-04 B 1.14E-04 J 1.14E-04 J 1.14E-04 J 1.14E-04 J 1.14E-04 

1.2-Dichbroelnane (EDC) < 5.29E-04 < 5.09E-O4 < 5.45E-04 < 5.06E-04 < 5.13E-04 < 4.88E-04 < 5.15E-04 

2-Butancne (MEK) 
1,1,1-Tricnbrcelbane (TCA) 

< 1.4SE-02 < 1.40E-02 < 1.50E-02 < 1.39E-02 < 1.41E-02 < 1.34E-02 < 1.41E-02 

< 3.92E-04 < 3.78E-04 < 4.05BO4 < 3.75E-04 < 3.80E-04 < 3.62E-04 < 3.82E-04 

Carbon Tetracbbride < 3.40E-04 < 3.28E-04 < 3J1E-04 < 3.25E-04 < 3.30E-04 < 3.14E-04 < 3.31E-04 

Viiyl ace&te 
Bromodidi biometfaane 

< 2.43E-03 < 2.34E-03 < 2.51E-03 < Z32E-03 < 2.36E-03 < 2.24E-03 < 2.37E-03 

< 3.19E-04 < 3.08E-04 < 3.29E-04 < 3.05E-04 < 3.10E-04 < 2.95E-04 < 3.11&04 

1, 2-Dicb bropropan e 
c»-l,M5ichbropiopene 
Trichbroetieoe (TCE) 

< 4.63E-04 < 4.46E-04 < 4.78E-04 < 4.43E-04 < 4.49E-04 < 4.28E-04 < 4.51E-04 

< 4.72E-04 < 4.54E-04 < 4.86E-04 < 4.51E-04 < 4.57E-04 < 4.35E-04 < 4.59E-04 

< 3.98E-04 < 3.84E-04 < 4.11E-04 < 3.81E-04 < 3.86E-04 < 3.68E-04 < 3.88E-04 

DibianochbromBlbane < 2J1E-04 < 2.42E-04 < 2.59E-04 < 2.40E-04 < 2.44E-04 < 2.32E-04 < 2.45E-04 

1.1,2-Trichbroethane < 3.92E-04 < 3.78E-04 < 4.05E-04 < 3.75E-04 < 3.80E-04 < 3.62E-04 < 3.82E-04 

Beo2coe 3.75E-04 JB 7.87E-04 B 3.18E-04 JB 3.20E-04 JB 2.47E-04 JB 2.23&04 JB 3.78E-04 

nan s-13-Dicb bropropsoe < 4.72E-04 < 4J4E-04 < 4.86E-04 < 4.51E-04 < 4J7E-04 < 4.35E-04 < 4.59E-04 

Bromoform < 2.07E-04 < 1.99E-04 < 2.14E-04 < 1.98E-04 < 2.01E-04 < 1.91E-04 < 2.02E-04 

4-Meftyl-WeneaKiie (MIBK) < 1.04E-02 < 1.01E-02 < L08E-02 < 9.99&03 < 1.01E-02 < 9.65E-03 < 1.02E-02 

2-Heranone < 1.04E-02 < 1.01E-02 < 1.08E-02 < 9.99E-03 < 1.01E-02 < 9.65E-03 < 1.02E-02 

Tetracbbroelbene (PCE) < 3.16E-04 < 3.04E-04 < 3.26&04 < 3.02E-04 < 3.06E-O4 < 2.91E-04 < 3.07E-04 

1,1 ,2.2-Tetrach bioetbane < 3.12E-04 < 3.00E-04 < 3.22E-04 < 2.98E-04 < 3.02E-O4 < 2.88E-04 < 3.04E-04 

Tolueoe 1.25E-04 J 2.74E-04 1.17E-04 J 8.69E-05 J 7.71E-05 J 5.24E-05 J 1.22E-04 

Chbrobeozene < 4.65E-04 < 4.48E-04 < 4.80E-04 < 4.45E-04 < 4.51E-04 < 4.29E-04 < 4.53E-04 

Elbylbenzane < 4.93E-04 < 4.75E-04 < 5.08E-04 < 4.71E-04 < 4.78E-04 < 4.55E-04 < 4.80E-04 

Styreoe < 5.02&04 1.16E-04 B < 5.18E-04 < 4.80E-O4 < 4.87E-04 < 4.64E-04 < 4.28E-04 

Xylenes (total) 9.86E-05 J 8.55E-05 B < 5.08E-04 2.83E-05 J 2.87E-05 J < 4.55E-04 < 2.01E-04 

2-Chbioettiy] vnyl enter < 1.96E-03 < 1.89E-03 < 2.03E-O3 < 1.88E-03 < 1.90E-03 < 1.81E-03 < 1.91E-03 

B = Compouixl abo detected m bbnk. Reported values are cot bhnk oorrecled. 
J - Estimated vakie bebw die detection Kmit. 
& Estimated value abow tie detection limit. 
(2) Detection limit values Deluded b overall average. 
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Table 7-14 

VOC Test Data and Test Results—Thermal Oxidizer Discharge Stack (Test T3) 
(Continued) 

TEST DATA: 
Test run Dumber 3 3 3 3 3 3 3 

Test location OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET 

Test date 02-04-96 02-04-96 02-04-96 02-04-96 02-04-96 02-04-96 

Test time 1418-1458 1503-1543 1600-1640 1652-1750 1802-1842 1910-1950 

Test tube pair 1 2 3 4 5 6 AVERAGE12' 

VOSTEMISSIONS (lb/hr): 
ChbromerhaDe (Methyl Chbride) 8.05E-05 J 6.43E-05 1.17E-04 4.89&05 6.90E-04 E 3.57E-04 E 2.26E-04 

Bromometbarie (Methyl Bromide) 2.11E-05 JB 3J3E-05 B 1.25E-05 1.2S&05 3.90E-05 5.15E-05 2.87E-0S 

Viiyl Chbride < 1.55&05 < 1.49E-05 < 1.60E-05 < 1.48E-05 < 1.50E-05 < 1.43E-05 < 1.51E-05 

Clloroerharie (Etbyl Chloride) < 1.55E-05 < 1.49E-05 < 1.60E-05 < 1.48&05 < U0E-05 < 1.43E-05 < 1.51E-05 

Methylene chloride 2.15E-05 B 1.35E-05 B 1.21E-05 JB 1.16E-05 JB 1.71E-05 JB 1.36E-05 B 1.49E-05 

Acetone 4.2CE-04 3.75E-04 2.48E-04 J 4.66E-04 J 3.28E-04 2.21E-04 3.43E-04 

Carbon Disulfide I.70E-06 J 1.94E-06 J 1.12E-06 J 1.04E-06 J < 7.50E-06 8.58E-07 J < 2.36E-06 

l.l-Dichbroerheoe < 7.74E-06 < 7.46E-06 < 7.98E-06 < 7.4CE-06 < 7.50E-06 < 7.15E-06 < 7.54E-06 

1, l-Dkfc loroeth ane < 7.74E-06 < 7.46E-06 < 7.98B-06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 7.54E-06 

1,2-Dicbbroetbene (trans) < 7.74E-06 < 7.46E-06 < 7.98E-06 < 7.40E-06 < 7.50&06 < 7.15E-06 < 7.54E-06 

Chbrofbrm 2.01E-06 J 2.01E-06 J 2.01E-06 J 2.01E-06 J 2.01E-06 J 2.01E-06 J 2.01E-06 

l,2-Dicbbroethane(EDC) < 7.74E-06 < 7.46E-06 < 7.98E-06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 7.54E-06 

2-Buonone (MEK) 
l.U-Trichbrcefcane (TCA) 

< 1.55E-04 < 1.4SE-04 < 1.60E-04 < 1.48E-04 < 1.50E-04 < 1.43E-04 < 1.51E-04 
< 7.74E-06 < 7.46E-06 < 7.988-06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 7.54E-06 

Carbon Terrachloride < 7.74E-06 < 7.46E-06 < 7.98&06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 7.54E-06 

VnylaceBte < 3.1CE-05 < 2.9SE-05 < 3.19E-05 < 2.96E-05 < 3.00E-05 < 2.86E-05 < 3.02E-O5 

BromodichtorometfaaDe < 7.74E-06 < 7.46EK16 < 7.98E-06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 7.54E-06 

1,2-Dich loropropene < 7.74E-06 < 7.46E-06 < 7.9S&06 < 7.40E-06 < 7.50E-O6 < 7.15E-06 < 7.54E-06 

cj»-l,3-©ichbropropene < 7.74E-06 < 7.46E-06 < 7.98E-06 < 7.40&06 < 7.50E-06 < 7.15E-06 < 7.54E-06 

Trieb loroethene (TCE) < 7.74E-06 < 7.46E-06 < 7.98E-06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 7J4E-06 

Dibrcmocbbromerhane < 7.74E-06 < 7.46E-06 < 7.98E-06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 7.54E-06 

1.13-Trichbrcethane < 7.74E-06 < 7.46E-06 < 7.98E-06 < 7.40&06 < 7.50E-06 < 7.15E-06 < 7.54E-06 

Benzene 4.34E-06 JB 9.10E-06 JB 3.67E-06 JB 3.70E-06 JB 2.85E-06 JB 2.57E-06 JB 4.37E-06 
rrans-1 3-Dichbropropane < 7.74&06 < 7.46E-06 < 7.9SB-06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 7J4E-06 

Bromoform < 7.74E-06 < 7.46&06 < 7.98E-06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 7.54E-06 
4-Merhyl-H'entanane (MIBK) < 1J5E-04 < 1.49E-04 < 1.60E-04 < 1.48E-04 < 1.50E-04 < 1.43E-04 < 1.51E-04 
2-He;BDaoe < U5E-04 < 1.49E-04 < 1.60E-04 < 1.48E-04 < 1.50E-04 < 1.43E-04 < 1.51E-04 
Teuacbbroethene (PCE) < 7.74E-06 < 7.46E-06 < 7.98E-06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 7.54E-06 
1,1.2,2-Tetrachbioerhane < 7.74E-06 < 7.46E-06 < 7.98E-06 < 7.40&06 < 7.50E-06 < 7.15E-06 < 7J4E-06 

Toluene 1.70E-06 J 3.73E-06 1.60E-06 J 1.18E-06 J 1.05E-06 J 7.15E-07 J 1.66E-06 
CnbrobBDZene < 7.74E-06 < 7.46B-06 < 7.98E-06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 7.54E-06 
Efcylbenaene < 7.74E-06 < 7.46E-06 < 7.98E-06 < 7.4OE-06 < 7.50E-06 < 7.15E-06 < 7.54E-06 
Styrene < 7.74E-06 1.79E-06 J < 7.98E-06 < 7.40E-06 < 7.50E-06 < 7.15E-06 < 6.59E-06 
Xylenes (teal) 1J5E-06 J 1.34E-06 J < 7.98E-06 4.44B-07 J 4.50E-07 J < 7.15E-06 < 3.15E-06 
2-Cfcbioelby] vhyl erber < 3.10E-OS < 2.98E-05 < 3.19B-05 < 2.96E-05 < 3.00E-05 < 2.86E-05 < 3.02E-05 

B = Compound also detected in blank. Reported values are not blank corrected. 
J = Estimated vakie below ihe detection limit. 
E= Estimated vakie above tbe detection limit. 
(2)Detection limit values »eluded in overall average. 
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Table 7-14 

VOC Test Data and Test Results—Thermal Oxidlzer Discharge Stack (Test T3) 
(Continued) 

TESTIJATA: 
Test run number 3 3 3 3 3 3 3 
Test location OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET OUTLET 
Test dale 02-04-96 02-OW16 02-04-96 02-04-96 02-04-96 02-04-96 
Test time 1418-1458 1503-1543 1600-1640 1652-1750 1802-1842 1910-1950 
Test tube pair I 2 3 4 5 6 AVERAGE'21 

VOST EMISSIONS (g/sec): 
Ctbromethane (Methyl Cb bride) 1.01E-05 J 8.1CE-06 1.47E-05 6.16E-06 8.70E-05 E 4.50E-05 E 2.85E-05 
Bromometbane (Methyl Bromide) 2.65E-06 JB 4.45E-06 B 1J7E-06 1.62E-06 4.92E-06 6.48E-06 3.62E-06 
Vinyl Ch bride < 1.95E-06 < I.88E-06 < 2.01E-06 < 1.87E-06 < 1.89E-06 < 1.80E-06 < 1.90E-06 
Ciloroefhane (Ethyl Chbride) < 1.95E-06 < 1.88E-06 < 2.01E-06 < 1.87E-06 < 1.8SE-06 < 1.80E-06 < 1.90E-06 
Methylene chloride 2.71E-06 B 1.70E-O6 B 1.52E-06 JB 1.47E-06 JB 2.16E-06 JB 1.71E-06 B 1.88E-06 
Acetone 5.29E-05 4.72E-05 3.13E-05 J 5.87E-05 J 4.14E-05 2.79E-05 4.32E-05 
Carbon Disulfide 2.15E-07 J 2.44E-07 J 1.41E-07 J I.31E-07 J < 9.45E-07 1.08E-07 J < 2.97E-07 
1,1-Dichloroethene < 9.75E-07 < 9.40E-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
1,1-Dichioroerhane < 9.7SE-07 < 9.40E-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
1,2-Didlbroethene (trans) < 9.75E-07 < 9.4CE-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
Chbroronn 2.53E-07 J 2.53E-07 J 2.53E-07 J 2.53E-07 J 2.53E-07 J 2.53E-07 J 2.53E-07 
1 .2-Dich loroethane (EDQ < 9.75E-07 < 9.4CE-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
2-Butancne (MEK) < 1.95E-05 < 1.88E-05 < 2.01E-O5 < 1.87E-05 < 1.89E-05 < 1.80E-05 < 1.90E-05 
1,1.1-Trich loroethane (TCA) < 9.75E-07 < 9.40EO7 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
Carbon Terrachbride < 9.7SE-07 < 9.4CE-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
Vnyl acetate < 3.90E-06 < 3.76E-06 < 4.02E-06 < 3.73E-06 < 3.78E-06 < 3.60E-06 < 3.80E-06 
Bromodichtaromeftiane < 9.75E-07 < 9.40E-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
1,2-Dich loroptopane < 9.75E-07 < 9.40E-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
cis-1 ,^Oich loropiDpea e < 9.75E-07 < 9.40E-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
Trkhbroetbone (TCE) < 9.75E-07 < 9.4CE-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
DibromodiloromBthane < 9.75E-07 < 9.4CE-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-O7 
1,1-2-Trich loroethane < 9.7SE-07 < 9.4CE-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-O7 
Benaoe 5.46E-07 JB 1.15E-06 JB 4.63E-07 JB 4.66E-07 JB 3.59E-07 JB 3.24E-07 JB 5.51E-07 
Iran 9-13-Dich bropropan e < 9.75E-07 < 9.40E-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.0OE-O7 < 9.50E-O7 
Broroororm < 9.75E-07 < 9.4CE-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
4-Methyl-2-Pentanciie (MIBK) < 1.95E-05 < 1.88E-05 < 2.01E-05 < 1.87E-05 < 1.89E-05 < 1.80E-05 < 1.90E-05 
2-Hexanone < 1.95E-05 < 1.88E-05 < 2.01E-05 < 1.87E-05 < 1.89E-05 < 1.80E-05 < 1.90E-05 
Tetrachbroeftene (PCE) < 9.75E-07 < 9.40E-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-O7 < 9J0E-O7 
1.1,2,2-Tetrachbroethane < 9.75E-07 < 9.40E-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-O7 
Toluene 2.15E-07 J 4.70E-07 2.01E-07 J 1.49E-07 J 1.32E-07 J 9.00E-08 J 2.10E-07 
Chbrobonzeoe < 9.75E-07 < 9.4CE-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9.50E-07 
Etbylbeozeoe < 9.75E-07 < 9.4CE-07 < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 9J0E-07 
Styrene < 9.75E-07 2.26E07 J < 1.01E-06 < 9.33E-07 < 9.45E-07 < 9.00E-07 < 8.31E-07 
XyJenes (total) 1.95E-07 J 1.69E-07 J < 1.01E-06 5.60BO8 J 5.67E-08 J < 9.00E-07 < 3.97E-07 
2-Otbroethyl vijyl efcer < 3.90E-06 < 3.76E-06 < 4.02E-06 < 3.73E-06 < 3.78E-06 < 3.60E-06 < 3.80E-06 

B=Compound also detectBd b bhnk. Reported va hies are not blank corrected. 
J=Estimated value below the detection limit. 
Es= Estimated value abow lbe detection limit. 
(2)Detectian limit values included in overall average. 
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HGD Validation Test Report 

SOURCE EMISSIONS SAMPLING, ANALYSIS, AND RESULTS 

Summaries of the metals and Cr+6 test results are presented in Tables 7-15 and 
7-16, respectively. Detailed metals and Cr+6 test data and test results are presented 
in Tables 7-17 and 7-18, respectively. Of the 12 target metals, nonmeasurable 
quantities above the method detection limits were reported for arsenic, selenium, 
silver, and thallium. Of the remaining eight metals, barium, chromium, lead, 
mercury, and nickel were present in measurable quantities in all three validation 
test samples. Chromium was detected at the highest concentration, with a reported 
average mass rate of 3.9 x 10"5 lb/hr. 

For each validation test run, the measured Cr+6 concentration result obtained from the 
EPA Cr+6 sampling train was 12% higher (on average) than the total chromium 
concentration determined from the EPA Method 29 sampling train. The ratio of Cr^6 to 
total chromium is typically less than 10%, based on data obtained from typical 
combustion sources. 

The Cr+6 sampling train has been validated by EPA for use on sources with stack 
temperatures of less than 300 °F. During this test program, the sample train was 
modified to allow for sampling at elevated temperature (>1,500 °F) at the thermal 
oxidizer discharge test location. The modifications involved the use of a quartz nozzle, 
quartz probe, and a quartz tube inside the sample probe (near the back of nozzle) to 
recirculate the potassium hydroxide (KOH) impinger solution. A water-cooled jacket 
was used to cool the quartz probe. The remaining train components followed the 
reference method. None of these modifications are thought to have affected the 
collection of representative Cr+6 results. The data suggest that there may have been 
conversion of trivalent chromium to Cr+ . 

Discussions with EPA indicated that the elevated temperature would not influence 
conversion of trivalent chromium to Cr+6. The presence of lime, however, coupled with 
the high temperature and excess oxygen, may contribute to the conversion. It should be 
noted that cement blocks were used to support clay pipe inside the furnace during each 
validation test run. There was a possibility that lime dust generated from the cement 
block entered the system. Although the chance of these minute quantities of lime dust 
causing the conversion from trivalent chromium to Cr+6 is small, it must be considered. 
Future studies of the HGD system may warrant additional evaluation of total 
chromium and Cr+6 sampling. 

Metals emissions for mercury; low-volatility metals (Sb, As, Be, and Cr); and 
semivolatile metals (Pb and Cd) were significantly below the existing metals 
standards. 
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Table 7-15 

Summary of Metals Emissions at the Thermal Oxidizer Discharge 

Test Run No.: 

Metals Emissions Rate (Ib/hr) 
T1 

31 Jan 96 

1834-0103 

T2 

2 Feb 96 

1406-2011 

T3 
4 Feb 96 

1415-2026 Average 
Date: 
Time: 

Parameter 

Antimony 4.11E-06 9.54E-07 <1.11E-05 5.39E-06 

Arsenic <7.50E-06 <7.38E-06 <7.46E-06 <7.45E-06 

Barium 2.16E-05 2.78E-07 2.16E-07 7.36E-06 

Beryllium 1.96E-08 <2.40E-08 <2.45E-08 <2.27E-06 

Cadmium 1.57E-06 7.57E-07 <6.87E-07 1.00E-06 

Chromium 4.28E-05 4.27E-05 3.13E-05 3.89E-05 

Lead 1.70E-05 3.55E-06 2.45E-06 7.67E-06 

Mercury 1.37E-07 2.35E-07 2.95E-08 1.33E-07 

Nickel 1.03E-05 1.22E-05 2.55E-06 8.35E-06 

Selenium <8.68E-06 <8.53E-06 «8.64E-06 <8.55E-06 

Silver <2.20E-06 <2.16E-06 <2.20E-06 <2.18E-06 

Thallium <7.65E-06 <7.48E-06 <7.66E-06 <2.59E-06 

- Indicates the analyte was detected at values less than the detection limit indicated. 
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Table 7-16 

Summary of Hexavalent Chromium at Thermal Oxidizer Discharge 

Test Run No.: T1 
31 Jan 96 
1837-0127 

T2 
2 Feb 96 

1404-2043 

T3 
4 Feb 96 

1416-2050 
Average 

Date: 
Time: 

Emission Rate (Ib/hr) 

Hexavalent chromium 5.10E-05 5.29E-05 3.85E-05 4.24E-05 

Notes: The hexavalent chromium values reported may not be truly representative. 

The hexavalent chromium values exceed the total chromium values obtained using the multimetals test train. 

The hexavalent chromium test train has not been validated by EPA for use on sources > 300 *F. 
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Table 7-17 

Metals Test Data and Test Results at the Thermal Oxidizer Discharge 

TEST DATA 
Test run number 
Test location 

Test dale 
Test time period 

SAMPLING DATA 
Sampling duration, mia 
Nozzle diameter, in. 
Cross sectional nozzle area, sq.ft. 
Barometric pressure, in. Hg 
Avg. orifice press, diff., inHjO 
Avg. dry gas meter temp., deg F 
Avg. abs. dry gas meter temp., deg. R 
Total liquid collected by train, ml 
Std. vol. of HjO vapor coll., cu.ft. 
Dry gas meter calibration factor 
Sample vol. at meter cond, dcf 
Sample vol. at std. cond., dscf(1) 

Percent of isokinetic sampling 

GAS STREAM COMPOSITION DATA 
COj, % by volume, dry basis 
02, % by volume, dry basis 
N2, % by volume, dry basis 
Molecular wt. of dry gas, lb/lb mole 
HjO vapor in gas stream, prop, by vol. 
Mole fraction of dry gas 
Molecular wt. of wet gas, lb/lb mole 

GAS STREAM VELOCITY AND VOLUMETRIC FLOW DATA 
Static pressure, in. Hg 
Absolute pressure, in. Hg 
Avg. temperature, deg. F 
Avg. absolute temperature, degR 
Pitot tube coefficient 
Total number of traverse points 
Avg. gas stream velocity, ft./sec. 
Stack/duct cross sectional area, sq.ft. 
Avg. gas stream volumetric flow, wacf/min. 
Avg. gas stream volumetric flow, dscf/min(1) 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-31-96 02-02-96 02-04-96 
1834-0103 1406-2011 1415-2026 

320.0 320.0 320.0 
0.586 0.586 0.586 

0.001873 0.001873 0.001873 
29.73 29.59 30.28 
0.60 0.57 0.46 
53 43 44 

513 503 504 
262.6 255.9 196.1 
12.4 12.0 9.2 

0.9958 0.9958 0.9939 
133.154 130.320 118.896 
135.801 134.777 125.265 

103.3 105.6 103.1 

5.7 5.8 6.1 
12.1 11.9 11.9 
82.2 82.3 82.0 
29.4 29.4 29.5 

0.083 0.082 0.069 
0.917 0.918 0.931 
28.4 28.5 28.7 

DATA 
-0.10 -0.10 -0.10 
29.72 29.58 30.27 
1681 1646 1638 
2141 2106 2098 
0.84 0.84 0.84 
16 16 16 

16.3 15.6 14.3 
4.59 4.59 4.59 
4480 4290 3920 
1010 980 930 

(1) Standard conditions = 68 deg. F. (20 deg. C.) and 29.92 in Hg (760 mm Hg) 
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Table 7-17 

Metals Test Data and Test Results at Thermal Oxidizer Discharge 
(Continued) 

TEST DATA 
Test run number 
Test location 
Test date 
Test time period 

Tl T2 T3 
AFTERBURNER DISCHARGE 

01-31-96 02-02-96 02-04-96 
1834-0103 1406-2011 1415-2026 

METALS LABORATORY REPORT DATA, ug 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Chromium (Cr) 
Lead (Pb) 
Mercury (Hg) 
Nickel (Ni) 
Selenium (Se) 
Silver (Ag) 
Thallium (Tl) 

4.20 1.00 < 11.30 
< 7.65 < 7.70 < 7.60 

22.04 0.29 0.22 
0.02 < 0.03 < 0.03 
1.60 0.79 < 0.70 

43.70 44.52 31.89 
17.30 3.70 2.50 
0.14 0.25 0.03 

10.53 12.70 2.60 
< 8.85 < 8.90 < 8.80 
< 2.25 < 2.25 < 2.24 
< 7.80 < 7.80 < 7.80 

METALS CONCENTRATIONS, ug/dscm « 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Chromium (Cr) 
Lead(Pb) 
Mercury (Hg) 
Nickel (Ni) 
Selenium (Se) 
Silver (Ag) 
Thallium (Tl) 

1.09E+00 2.61E-01 <3.19E+00 
< 1.99E+00 < 2.02E+00 <2.14E-K)0 

5.73E400 7.60E-02 6.20E-02 
5.20E-03 < 6.55E-03 < 7.05E-03 
4.16E-01 2.07E-O1 < 1.97E-01 
1.14E401 1.17E401 8.99E+00 
4.50E4O0 9.70E-01 7.05E-01 
3.64E-02 6.42E-02 8.46E-03 

2.74E+O0 3.33E+00 7.33E-01 
<2.30E+O0 < 2.33E+00 <2.48E+00 
< 5.84E-01 < 5.90E-01 < 6.32E-01 
<2.03E+00 < 2.04E+O0 <2.20E+O0 

METALS CONCENTRATIONS, Ib/dscf <'» 
Antimony (Sb) 6.81E-11 1.63E-11 < 1.99E-10 
Arsenic (As) < 1.24E-10 < 1.26E-10 < 1.34E-10 
Barium (Ba) 3.58E-10 4.74E-12 3.87E-12 
Beryllium (Be) 3.25E-13 < 4.09E-13 < 4.40E-13 
Cadmium (Cd) 2.60E-11 1.29E-11 < 1.23E-11 
Chromium (Cr) 7.09E-10 7.28E-10 5.61E-10 
Lead(Pb) 2.81E-10 6.05E-11 4.40E-11 
Mercury (Hg) 2.27E-12 4.01E-12 5.28E-13 
Nickel (Ni) 1.71E-10 2.08E-10 4.58E-11 
Selenium (Se) < 1.44E-10 < 1.46E-10 < 1.55E-10 
Silver (Ag) < 3.64E-11 < 3.68E-11 < 3.94E-11 
Thallium (Tl) < 1.27E-10 < 1.28E-10 < 1.37E-10 

(1) Standard conditions = 68 deg. F. (20 deg. C.) and 29.92 in Hg (760 mm Hg) 
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Table 7-17 

Metals Test Data and Test Results at Thermal Oxldizer Discharge 
(Continued) 

TEST DATA 
Test run number 

Test location 
Test date 
Test time period 

Tl T2 T3 

AFTERBURNER DISCHARGE 
01-31-96       02-02-96       02-04-96 
1834-0103      1406-2011      1415-2026 

METALS MASS EMISSION RATES, lb/hr 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Chromium (Cr) 
Lead(Pb) 
Mercury (Hg) 
Nickel (Ni) 
Selenium (Se) 
Silver (Ag) 
Thallium (Tl) 

4.11E-06 9.54E-07 < 1.11E-05 
< 7.50E-O6 < 7.38E-06 < 7.46E-06 

2.16E-05 2.78E-07 2.16E-07 
1.96E-08 < 2.40E-08 < 2.45E-08 
1.57E-06 7.57E-07 < 6.87E-07 
4.28E-05 4.27E-05 3.13E-05 
1.70E-05 3.55E-06 2.45E-06 
1.37E-07 2.35E-07 2.95E-08 
1.03E-05 1.22E-05 2.55E-06 

< 8.68E-06 < 8.53E-06 < 8.64E-06 
< 2.20E-06 < 2.16E-06 < 2.20E-O6 
< 7.65E-06 < 7.48B-06 < 7.66E-06 
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Table 7-18 

Hexavalent Chromium Test Data and Test Results at the Thermal Oxidizer 
Discharge 

TEST DATA: 
Test run number 
Test location 
Test date 
Test time period 

SAMPLING DATA: 
Sampling duration, min. 
Nozzle diameter, in. 
Barometric pressure, in. Hg 
Avg. orifice press, diff., in H20 
Avg. dry gas meter temp., deg F 
Avg. abs. dry gas meter temp., deg. R 
Total liquid collected by train, ml 
Std. vol. of H20 vapor coll., cu.ft. 
Dry gas meter calibration factor 
Sample vol. at meter cond., dcf 
Sample vol. at std. cond, dscf(1) 

Percent of isokinetic sampling 

GAS STREAM COMPOSITION DATA: 
OOr % by volume, dry basis 
02, % by volume, dry basis 
CO, % by volume, dry basis 
N2, % by volume, dry basis 
Molecular wt. of dry gas, lb/lb mole 
H20 vapor in gas stream, prop, by vol. 
Mole fraction of dry gas 
Molecular wt. of wet gas, lb/lb mole 

GAS STREAM VELOCITY AND VOLUMETRIC FLOW DATA: 
Static pressure, in. H20 
Static pressure, in. Hg 
Absolute pressure, in. Hg 
Avg. temperature, deg. F 
Avg. absolute temperature, deg.R 
Pitot tube coefficient 
Total number of traverse points 
Avg. gas stream velocity, ft/sec. 
Stack/duct cross sectional area, sq.ft. 
Avg. gas stream volumetric flow, wacf/min. 
Avg. gas stream volumetric flow, dscf/min.(I) 

Tl T2 T3 

AFTERBURNER DISCHARGE 
01-31-96 02-02-96 02-04-96 
1837-0127 1404-2043 1416-2050 

360.0 360.0 360.0 
0.586 0.586 0.586 
29.73 29.59 30.28 
0.53 0.52 0.45 

53.11 49.00 44.17 
513 509 504 

288.9 276.5 229.5 
13.6 13.0 10.8 

1.002 1.002 1.002 
158.264 157.762 145.159 
162.292 162.313 154.262 

104.0 104.2 106.1 

5.7 5.8 6.1 
12.1 11.9 11.9 
0.0 0.0 0.0 

82.2 82.3 82.0 
29.4 29.4 29.5 

0.077 0.074 0.065 
0.923 0.926 0.935 
28.5 28.6 28.7 

TA: 
-0.10 -0.10 -0.10 

-0.007 -0.007 -0.007 
29.72 29.58 30.27 
1546 1513 1493 
2006 1973 1953 
0.84 0.84 0.84 
12 12 12 

16.0 15.7 14.1 
4.59 4.59 4.59 
4400 4330 3870 
1060 1060 990 

LABORATORY REPORT DATA(2) 

Hexavalent Chromium (Cr**), ug 58.94 61.19 45.37 

HEXAVALENT CHROMIUM EMISSIONS 
Concentration, lb/dscf 
Concentration, ug/dscm 
Mass emission rate, lb/hr 

8.01E-10 8.31E-10 6.48B-10 
12.83 13.31 10.39 

5.10E-O5 5.29B-05 3.85B-05 

(1) Standard conditions = 68 deg. F. (20 deg. C.) and 29.92 in Hg (760 mm Hg) 
(2) Per EPA Cr** method the laboratory results are blank corrected. A blank KOH value of 2.4 ug. per liter was used. 
NOTE: The Cr* values reported above may not be truly representative. The Cr** values exceed the total chromium values obtained using 

the multi-metals test train. The Cr** test train has not been validated by EPA for use on sources exceeding 300° F. 
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HGD Validation Test Report 

SOURCE EMISSIONS SAMPLING, ANALYSIS, AND RESULTS 

7.3.7 Continuous Emissions Monitoring 

Continuous emissions monitoring (CEM) testing of the furnace discharge and 
thermal oxidizer discharge gas streams was performed during all 15 validation test 
runs. The CEM parameters measured at each test location and the associated EPA 
reference methods are provided as follows: 

Sample CEM EPA Reference 
Location Parameter Method 

Furnace Discharge NOx 7E 

THC 25A 

Thermal Oxidizer NOx 7E 
Discharge 

THC 25A 

CO 10 

so2 6C 

02 and C02 3A 

Table 7-19 presents the minimum, maximum, and average concentrations of NOx, 
THC, S02, and CO determined for each location during tests Tl, T2, and T3. 
Table 7-20 presents the mass emission rates for NOx, THC, S02, and CO. The 
mass rates are calculated using average volumetric flow rates measured by the 
isokinetic sampling trains during tests Tl, T2, and T3. 

Appendix G presents summaries of CEM test results obtained during all 15 
validation test runs. A graphical presentation of the CEM concentrations measured 
during each validation test also is provided. 

A review of the data shows that the highest emissions are attributed to NOx 

measured at the thermal oxidizer discharge. The NOx emissions at the thermal 
oxidizer discharge are the result of propane combustion and the associated high 
temperature of the thermal oxidizer. The NOx trends clearly show a rise in NOx 

concentrations following thermal oxidizer startup, a leveling off during the ramp 
and soak periods, and then a decline during the cooldown period. Concentrations 
averaged 30 to 60 ppm/v during each test period, with peaks observed over 100 
ppm/v. 
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SOURCE EMISSIONS SAMPLING, ANALYSIS, AND RESULTS 

The NOx levels measured at the furnace discharge are directly related to 
decomposition and exit-gassing of the explosives, with some NOx generated by 
natural gas combustion in the furnace. The NOx levels were typically less than 5 
ppm/v, with periodic spikes as high as 120 ppm/v. The THC levels measured at 
the furnace discharge are also related to the decomposition of explosives and are 
believed to be the result of solvent (acetone) volatilization. During explosives 
introduction to the furnace, the acetone was mixed with the explosive materials to 
form a paste to facilitate application. The THC analyzer was calibrated in the 0 to 
100 ppm range. Readings periodically went off scale (>100 ppm/v). Typically, 
THC concentrations ranged between 20 to 80 ppm/v. 

The THC, CO, and S02 concentrations measured at the thermal oxidizer discharge 
were generally low (<1 to 5 ppm on average). Periodic spikes of THC and CO 
were observed during some of the validation tests. The average CO levels 
determined at the thermal oxidizer discharge were well below the existing standard 
of 100 ppm/v. THCs were below the standard of 12 ppm/v. No applicable 
standard exists for NOx. 

7.4 DEVIATIONS FROM THE TEST PLAN 

During validation testing, the sampling and analytical procedures followed those 
outlined in Section 6 of Revision 2 to the Treatability Study Test Plan.1 Any 
modifications to sampling and analytical procedures are noted in the following 
subsection. 

7.4.1  Sampling 

An additional explosives sample using EPA Method 0010 sampling procedures was 
obtained at the furnace discharge/thermal oxidizer inlet test location during test Tl. The 
purpose of this additional test was to measure furnace discharge explosive emissions at 
the midpoint of the 12-hour soak period. Discussions regarding the additional test are 
provided in Subsection 7.3.2. 

During explosives testing at the thermal oxidizer discharge location, some traverse 
point sampling times were modified to avoid port changes during critical furnace 
temperature periods when the potential for explosive exit-gassing was increased. As a 
result, sampling was extended approximately 10 to 15 minutes prior to port change. 
The sample duration for the next port was adjusted to offset the time difference. This 
occurred at least once during each of tests Tl, T2, and T3 and is not believed to have 
impacted the representativeness of the explosive results. Although the sample times for 
some points were changed, no traverse points were missed as a result of the sampling 
point time adjustments. 

Treatability Study Test Plan for the Evaluation of a Transportable Hot-Gas 
Decontamination System for the Decontamination of Explosives-Contaminated Piping 
and Debris. Revision 2. Dated January 1996. Prepared by Roy F. Weston, Inc. 
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SOURCE EMISSIONS SAMPLING, ANALYSIS AND RESULTS 

No sampling problems were noted during validation test Tl, T2, or T3. All test train 
leak checks, sample volumes, train operating parameters, and isokinetic results met the 
reference method acceptance criteria. 

7.4.2 Sample Handling and Analysis 

The EPA Method 29 back-half (impinger portion) nitric acid/hydrogen peroxide 
sample collected during validation test Tl was broken; therefore, the sample was lost 
prior to analysis. Because most detected metals were collected in the front-half 
(filterable paniculate) fraction of the EPA Method 29 test train, the loss of this sample 
fraction is not believed to have significantly affected the overall results for test Tl. The 
reported back-half catch fraction results for arsenic, beryllium, cadmium, mercury, 
lead, silver, antimony, selenium, and thallium for test Tl were calculated using the 
average detection limit values obtained for tests T2 and T3. Barium, chromium, and 
nickel were detected in the test T2 and T3 back-half samples. The Tl results for these 
three metals were calculated based on the ratio of back-half to front-half concentrations 
for tests T2 and T3. The average ratio was then applied to the Tl test front-half values 
to obtain the Tl test back-half values for barium, chromium, and nickel. 

During VOC sampling, a total of six individual VOST tube pair samples were 
collected in conjunction with each test run. For validation test Tl, the VOST tube pair 
2 and 6 results are not available; the samples were lost during analysis as a result of 
instrument failure. The VOC results for test Tl are based on the remaining four tube 
pair results. Use of the four tube pair results provides representative VOC data for test 
Tl. 

SVOCs were quantified for all three validation test runs using the EPA Method 0010 
test train. With few exceptions, SVOCs were measured below detection limit values. 
Because of multiple extracts analyzed for explosives using the EPA Method 0010 test 
train, the detection limit values for SVOCs were higher than anticipated. As a result, 
WESTON elected to also analyze the EPA Method 23 (dioxin/furan) sample extracts 
for tests Tl and T2 and the field blank sample for SVOCs. The test T3 sample extract 
was totally consumed during dioxin/furan analysis; therefore, SVOC analysis of the 
EPA Method 23 test T3 sample could not be performed. 

Discussions regarding the additional SVOC analytical results are provided in 
Subsection 7.3.3. 

No other sample handling or analytical problems were noted during any of the 
validation test periods (Tl, T2, and T3). 
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8. 
AIR SAMPLING: ANALYSIS AND RESULTS 

The primary goal of an air monitoring program is to collect data that quantifies 
personal exposures, thereby ensuring worker safety. To support the validation 
testing of the HGD equipment, WESTON designed a monitoring program that 
would provide data of sufficient quality that worker exposures to explosives- 
contamination during validation test activities could be evaluated. 

Time-integrated air sampling was conducted during the first three validation test 
runs to quantify concentrations of airborne TNT, RDX, and tetryl1 and during the 
last validation test run (17C) for asbestos. During all spiking and materials 
loading operations, airborne explosive vapors and dust were measured using real- 
time monitoring. 

The following subsections present a description of the monitoring equipment, 
monitoring procedures, number and types of samples, and the quality assurance 
(QA) procedures used to support the air sampling and monitoring program at the 
HGD site. Results of the air sampling and monitoring program conducted at the 
ALAAP HGD site are discussed in this section. Analytical results for integrated 
samples for explosives and asbestos are provided in Appendices J and K, 
respectively. 

8.1  TIME-INTEGRATED AMBIENT AIR SAMPLING RESULTS 

8.1.1 TNT, RDX, and Tetryl Sampling—Perimeter and Personal 

OSHA Method 44, the accepted personal sampling method for TNT, was used to 
support personal sampling for TNT, RDX, and tetryl. Note, however, that OSHA 
Method 44 has not been validated for RDX and tetryl. 

Six sample sets were collected for explosives analysis between 29 January and 20 
February 1996. The samples were sent to WESTON's laboratory in Lionville, 
Pennsylvania, and were analyzed for explosives in accordance with OSHA 
Method 44, modified for HPLC analysis. Results are summarized in Table 8-1. As 
shown in this table, no samples contained explosives concentrations above the 
detection limit. The absence of detectable levels of explosives indicates that no 
airborne explosives were present during the spiking, loading, and unloading 

1 Total paniculate samples were collected, but the sample results and documentation, 
contained in the site trailer, were transferred with the HGD equipment to USAEC's 
designated trustee. 
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Table 8-1 

Time-Integrated Results for Explosives 

Sample Date RFWNo.3 Sample ID Sample Type Explosives Results 

29 Jan 96 
001 EAED29JAN96-1 Air Non-Detectb 

002 EPED29JAN96-1 Personal Non-Detect 

003 EPIM29JAN96-1 Personal Non-Detect 

004 EPIM29JAN96-1 Personal Non-Detect 

005 EPIS29JAN96-1 Personal Non-Detect 

006 EPIS29JAN96-2 Personal Non-Detect 

007 EAEU29JAN96-1 Air Non-Detect 

008 EAEU29JAN96-1 Air Non-Detect 

31 Jan 96 
001 EPIS31JAN96-2 Personal Non-Detect 

002 EPIS31JAN96-2 Personal Non-Detect 

003 EPIM31JAN96-2 Personal Non-Detect 

004 EPIM31JAN96-2 Personal Non-Detect 

005 EAED31JAN96-2 Air Non-Detect 

006 EAED31JAN96-2 Air Non-Detect 

007 EAEU31JAN96-2 Air Non-Detect 

008 EAEU31JAN96-2 Air Non-Detect 

6-7 Feb 96 

001 TB06FEB97F Trip Non-Detect 

002 TB06FEB97B Trip Non-Detect 

003 BL06FEB96F Blank Non-Detect 

004 BL06FEB96B Personal Non-Detect 

005 EPPM07FEB96F Personal Non-Detect 

006 EPPM07FEB96B Personal Non-Detect 

007 EPIM06FEB96-3F Personal Non-Detect 

008 EPIM06FEB96-3B Personal Non-Detect 

009 EPIS06FEB96-3F Personal Non-Detect 

010 EPIS06FEB96-3B Personal Non-Detect 

Oil EAEU06FEB96-3F Air Non-Detect 

012 EAEU06FEB96-3B Air Non-Detect 

013 EAED06FEB96-3F Air Non-Detect 

014 EAED06FEB96-3B Air Non-Detect 

015 EPPS07FEB96F Personal Non-Detect 

016 EPPS07FEB96B Personal Non-Detect 

12 Feb 96 004 XAED12FEB96-1 Air Non-Detect 

005 XAEU12FEB96-1 Air Non-Detect 

15 Feb 96 006 XAEU15FEB96-2 Air Non-Detect 

007 XAED15FEB96-2 Air Non-Detect 

20 Feb 96 002 XAEU20FEB96-3 Air Non-Detect 

003 XAED20FEB96-3 Air Non-Detect 

*RFW = Roy F. Weston, Inc. 
"Detection limits are provided in Appendix J. 
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activities associated with the operation of the HGD system. Based on these data, 
Level D personal protective equipment was determined to be adequate to protect 
workers from exposure to explosives during spiking, loading, and unloading 
activities. Because spiking is conducted using a solvent, it may be advisable to 
conduct personal sampling for VOCs during future operations. However, 
monitoring during spiking activities indicated that vapors from the acetone were 
well below the NIOSH-recommended exposure limit of 250 ppm. 

8.1.2 Total Particulate Monitoring—Perimeter 

Total particulate samples were collected around the perimeter of the HGD 
equipment pad in accordance with NIOSH Method 0500. Sample results and 
documentation are included with the health and safety files located in the control 
area and were transferred with the HGD equipment to USAEC's designated 
trustee. 

8.1.3 Asbestos Monitoring—Perimeter and Personal 

Perimeter and personal asbestos sampling was conducted on 18 March 1996 
during test run 17C. The purpose of test run 17C was to determine the effect, if 
any, that the HGD process would have on asbestos-containing materials. For 
example, would the asbestos become friable after treatment at normal processing 
times and temperatures? 

HGD personnel loaded 1 lb of asbestos-containing transite siding into the HGD 
furnace and treated the materials using a 250 °F/hour ramp and 600 °F treatment 
temperature for a 1-hour soak time. The asbestos sampling conducted during the 
loading and unloading activities and the subsequent analyses were conducted in 
accordance with NIOSH Method 7400, Phase Contrast Microscopy, which 
determines a total fibers count. Three investigative samples (one personal and two 
work area samples) and a field blank were collected. The results of the analysis 
are presented in Table 8-2. 

Table 8-2 

Asbestos Results from HGD Furnace Run 17C of 18 March 1996 

WESTON 
Sample No. Sample ID Fibers/cc 

DS013 USAEC/AAEU 0.005 

DS014 USAEC/AAED <0.003 

DS015 USAEC/APIS O.026 

DS016 USAEC/AFIELD 
BLANK 

— 
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The results presented in Table 8-2 indicate that the fiber counts are below the 
OSHA-permissible exposure limit (PEL) of 0.1 fibers/cc. 

8.2 REAL-TIME AIR SAMPLING MONITORING 

Real-time air sampling monitoring was conducted as part of the ambient air 
sampling program. A combination of permanently installed combustible gas 
indicators (CGIs), portable CGIs, and a Miniature Real-Time Aerosol Monitor 
(MiniRAM) was used during validation testing to monitor levels of explosive 
vapors and dust. 

8.2.1  Explosive Vapors 

8.2.1.1 Propane 

A CGI, calibrated to detect propane fuel leaks, was permanently mounted at each 
of the following four equipment locations and operated continuously during all 
phases of the HGD equipment validation testing: 

■ Main propane supply valve to the equipment pad. 
■ Main fuel valve to the furnace fuel train. 
■ Main fuel valve to the thermal oxidizer fuel train. 
■ Thermal oxidizer burner. 

Each CGI was tested regularly to verify functionality and was electrically operated 
and equipped with both audible and visual (blinking light) alarms. Each CGI was 
calibrated to alarm if the lower explosive limit (LEL) increased above 5,250 ppm 
(> 25 % of the LEL for propane). No gas leaks were detected during the validation 
test operations. 

8.2.1.2 Other than Propane 

Monitoring for explosive gases or vapors other than propane was conducted using 
a portable CGI on an as-needed basis. Regular monitoring by the HGD staff 
indicated that explosive gases and vapors did not pose a problem during HGD 
equipment operations. 

8.2.2 Dust Monitoring 

A MiniRAM was used to monitor for dust in the HGD work area during 
validation testing. MiniRAM results obtained throughout validation testing 
indicated that dust levels at the HGD site, and especially in the HGD work areas 
used to perform loading, spiking, and processing activities, were below the 
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WESTON-recommended action level of 5.0 mg/m3 and well below the time 
weighted-average (TWA) using an 8-hour average of 10 mg/m3. 

8.3 QUALITY ASSURANCE/QUALITY CONTROL 

8.3.1  Explosives 

Two types of blank samples (field and trip) were collected at the HGD site during 
air monitoring activities. The purpose of these samples was to measure the 
possible contamination introduced by field sampling procedures, sampling media, 
sampling equipment, or sample shipment. Field blanks are handled in the same 
manner as actual samples, undergoing the same preparation, installation in the 
sampler module, and cleanup procedures. The only difference between a field 
blank and an actual sample is that no air volume is drawn through the field blank. 
A trip blank is a sample that is handled similar to an actual sample, but is not 
exposed to the environment (i.e., it is kept in the shipping container). Each field 
blank was shipped to the field, and prepared and handled as were the other 
samples. Each field blank was then returned to the laboratory without drawing air 
through the sample. 

As indicated in Table 8-1, both the trip and field blanks for the explosives samples 
collected in accordance with OSHA Method 44 indicated non-detect; therefore, no 
contamination was introduced into the samples by field sampling procedures, 
sampling media, sampling equipment, or sample shipment. 

8.3.2 Asbestos Analysis 

For asbestos, one field blank was submitted with the three samples taken on 18 
March 1996. The results of the asbestos field blank indicated that no fibers were 
present; therefore, no contamination was introduced into the sample by field 
sampling procedures, sampling media, sampling equipment, or sample shipment. 
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9. 
DISCUSSION OF RESULTS 

This section of the Validation Test Report will discuss the results of the post- 
treatment sampling and analysis conducted at the end of each validation test run. 
As noted in Section 5, wipe samples were taken from all test specimens and 
furnace wall plates in accordance with EPA wipe sampling techniques and 
analyzed in accordance with modified Method 8330. Concrete block, clay, and 
nonmetal contaminated debris samples were also ground into a powder and 
analyzed for explosives residuals. Method 8330 analysis uses an HPLC to analyze 
for the nine explosives and explosives-breakdown compounds noted below: 

Octahydro-1,3,5,7 tetranitro-l,3,5,7-tetrazocine (HMX). 
Hexahydro-l,3,5-trinitro-s-triazine(RDX). 
1,3,5-Trinitrobenzene (1,3,5-TNB). 
1,3-Dinitrobenzene (1,3-DNB). 
Nitrobenzene (NB). 
2,4,6-Trinitrophenylmethylnitramine (tetryl). 
2,4,6-Trinitrotoluene (2,4,6-TNT). 
2,6-Dinitrotoluene (2,6-DNT). 
2,4-Dinitrotoluene (2,4-DNT). 

9.1  TREATMENT CRITERIA 

At the start of validation testing, an extremely simple pass/fail criterion was 
established: any test specimen or furnace wall plate able to meet 99.99% removal 
of the initial spike explosives quantity was considered a pass. Samples that could 
not meet this criterion failed. Unfortunately, as testing progressed, it became 
obvious that more stringent acceptance criteria would be needed if the resulting 
data were to clearly indicate the optimal operating conditions for decontamination 
of TNT, RDX, and tetryl. Three levels of acceptance criteria were established and 
used throughout the validation test program. These acceptance criteria are 
described as follows: 

■ Acceptance Level 1: To pass this acceptance criterion, post-treatment 
analysis must indicate 99.999% or better removal efficiency (RE) of the spike 
explosives. Residual levels of explosives or explosives-breakdown compounds 
are acceptable. 

■ Acceptance Level 2: To pass this acceptance criterion, post-treatment results 
must indicate the removal of all spike-explosives compounds. The presence of 
TNT, RDX, or tetryl residuals caused test specimens and furnace wall plates 
to fail regardless of detection level. 
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NOTE:   A sample that passed the Level 1 criterion could fail this level if trace 
levels of TNT, RDX, ortetryl existed.  

Acceptance Level 3: To pass this acceptance level, the post-treatment sample 
must be completely free of explosives and explosives-breakdown compounds. This 
was the most difficult criterion to meet. Test specimens and furnace wall plates 
that passed Level 1 and Level 2 criteria could fail this acceptance level if trace 
levels of explosives-breakdown compounds existed, such as 1,3-DNT. 

9.2 DISCUSSION OF LEVEL 1 RESULTS 

Table 9-1 provides a test matrix indicating the results of validation tests 1 through 
16C, using the Level 1 acceptance criterion. Green boxes indicate that the test 
specimen or furnace wall plate met or exceeded the established 99.999% RE 
criterion. White boxes indicate a failure. Level 1 was the easiest acceptance 
criterion to meet. Contaminated debris from the ALAAP remediation area was not 
considered for this acceptance level because initial contamination levels were 
unknown, and an RE could not be established. 

Level 1 results indicate that at treatment temperatures between 500 °F and 600 °F, 
the HGD process can successfully decontaminate explosives-contaminated debris 
to at least 99.999% RE. In most cases the REs were actually a magnitude higher 
(i.e., 99.9999%). At 600 °F, all test plates and specimens passed the Level 1 
criterion with no soak time at all. Zero soak time tests were not conducted at 
500 °F; therefore, Table 9-1 indicates that at 500 °F, a 1-hr soak time was 
required to meet the 99.999% RE criterion. At 400 °F, with a 6-hr soak, tetryl and 
RDX can pass the 99.999% RE, but one of the TNT-spiked metal specimens 
failed to meet the treatment criterion even though a 6-hr soak was used. At 400 °F, 
and 1-hr soak, the TNT-spiked metal specimen passed the 99.999% criterion, but 
the TNT-spiked clay and block specimens did not. The tetryl-contaminated block 
that failed this same test contained 134 ug of tetryl after processing. 

The most interesting results at this acceptance level are the results from test runs 
16A, 16B, and 16C. These test runs used a 300 °F/hr ramp to 600 °F. At 600 °F, 
the furnace was shut off, and there was no soak time at treatment temperature. 
Only one type of explosive was placed in each furnace run: TNT in 16A, tetryl in 
16B, and RDX in 16C. For each of these test runs, the furnace operated 
approximately 2 hr to reach treatment temperature and was then shut down. As 
indicated in Table 9-1, all of the TNT-contaminated block samples failed. A 
similar event occurred in test run 16C for tetryl-contaminated block; however, all 
of the RDX-contaminated specimens and test plates treated in test run 16C passed. 
Clearly, the combination of fast ramp and no soak time affects the ability of the 
process to decontaminate explosives-contaminated materials. 

In general, the results of the Level 1 acceptance criterion suggest certain treatment 
trends that do not become obvious until a Level 3 acceptance criterion is applied to 
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Table 9-1 
Level 1 Acceptance 

300°F 400'F 500°F 550°F 

No Soak 

Test #12: 3hr8min Test #11: 2hr41 min Test #13: 3 hr 14 min Test #10: 4 hr 46 min 

1 hr Soak TN-S TN-C TN-B FP-Te TN-S TN-C TN-B -FP-Ri TN-S TN-C •■TN-B FP-TN TN-S TN-C TN-B FP-TN 

&R-S R-C R-B Dup *R-S¥- S-R-C?? ^'R-Br Dup ■:$KS% ■■'•'R-C* a:R^B Dup R-S R-C R-B Dup 

liTe-S* '":Te-C? Te-B *Te-Sr *T*C Te-B Te-S' Te-C" -T*B Te-S Te-C Te-B 

Test #8: 5 hr 48 min 

2 hr Soak TttS* TN-C TN-B1; ?FP-R 

■~'R-S^ ■'R-Cfe 3>R-B Dup 

" TthSi .-Te-tf STe-B- 

Test #3: 13hr42min 

4 hr Soak m&; STN-C TN-B 'FP-Te 

■*R-S'f> -s R-CC *R-B Dup-Te 

■:-T¥Si? ^T*CS tTei-B 

Test #2: 11hr30min Test #4:12 hr 43 min 

6 hr Soak TN-S iTN-rJ: •fcn*Bl' SFPftS tTN-'SÄ STN^G* 4TN-B" "FP-TN 

sTO-S*. &£ti§ WÜm iR4Si §«•£». &R;B& 

#Te-S? Sä*öl VX&&- iwsjf ?Te-6S &TeiBi" 

Test #1: 20 hr 47 min 

12 hr Soak TN^Sl *TN-Gf* mn-m ;FP-TN 

SW$$ j3R$£ S*R.B*- 

sresf' *x&M $Te-S* 

KEY: 

B- Block         TN - TNT       FP - Furnace Plates 
C- Clay          Te- Tetryl       Dup - Duplicated Test Plate & Analysis 
S- Steel         R - RDX 

50° F/hr ramp: Tests 1,2, & 3                                          150° F/hr ramp:   Tests 10 & 11 
75° F/hr ramp: Tests 4, 5 & 6                                          200° F/hr ramp: Test 12 
100° F/hr ramp: Tests 7, 8 &9                                        200° F/ramp:        Test 13 

300° F/hr ramp: Test 14, 15, 16A, 16B, & 16C 
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Table 9-1 
Level 1 Acceptance Criterion 

550°F 600°F 600°F 600°F 600° 

Test #9: 6hr15min                                 Test16A Test16B: T« 

TN-S TN-C TN-B FP-Te TN-S- «TN-C TN-B FP-TN a-Te-S ! STe-C? CTe-B FP-Te 'R-S- R-C 

R-S ■R-C R-B Dup TN-S? *TN-C TN-B S'Te-S-; S-Te-CA »Te-B R-S ■R-C 

Te-S Te-C Te-B TN-s TN-C TN-B Te-S Te-C Te-B R-S R-C 

hr14min Test #10: 4 hr 46 min Test #7: 7 hr 53 min Test #14: 3 hr 20 min Test #15 3hr3min 

TN-B FP-TN TN-S- ?TN-Cr TN-B FP-TN TN-S; TN-C TN-B FP-TN TN^S*' ■WCfc VTN-B? FP-R« •TN-S llN-C? TN-B FP-Te 

: R-B Dup R-S': *»R-C'- ■ R-B Dup R-S; R-C R-B Dup-Te ? R-Si *R-C* **R:B Dup ?::R-S".' F'R-C'S R-B Dup 

-: Ta-B Te-S~ "Te-C Te-B Te-S •Te-C Te-B -TÖ-S4 -'T*C- -ÄTe-B -Te-S -\ 3-Te-C Te-B 

hriSmin Test #6: 7 hr 43 min 

TN-B- ?FP-R TN-S TN-C TN-B FP-Te 

j R-B Dup >R-S?: R-C < R-B Dup-Te 

fcTe-B Te-Sä> Te-C Te-B 

Ihr 42 min Test #5:11 hr8min 

frTN-B :FP-Te :TN-S- -TN-C- TN-B FP-R 

8?R-B Dup-Te -. R-S* -R-C R-B Dup-Te 

?Te-B ''TefSV Te-C~ Te-B 

hr 43 min 

%TN-B FP-TN 

fsR**- 

S*Te-B 

hr47min 

lTN-8'- FP-TN 

SiR-B- 

fere** 

>:   Tests 10 & 11 
>: Test 12 

Test 13 
>: Test 14, 15, 16A, 16B, & 16C 

LEVEL 1 Acceptance Criterion: 

>99.999% Explosives Removal Efficiency must be Achieved 

Fail 



)0"F 600'F 600"F 

Test 16A Test16B: Test 16C: 

N-C TN-B -FP-TN; STe-S- «Te-C Te-B FP-Te :R-S R-C R-B FP-R 

N-C TN-B m*s STe-C Te-B R-S ■R-C R-B 

N-C TN-B Te-S Te-C Te-B R-S R-C R-b 

»14: 3 hr 20 min Test #15 3hr3min 

NO- *TN-B1 i.FP-Rl SETN-S 3TN-C TN-B FP-Te 

*-c i'RiB:- Dup feR-S~ •R-C R-B Dup 

*cs ÄTeh-Bi 2-Te-S ■•;■ iTe-C Te-B 

■^■H 

Criterion: 

sives Removal Efficiency must be Achieved 

9-3 



HGD Validation Test Report 

DISCUSSION OF RESULTS 

the data. One of those trends is that TNT is more difficult to successfully 
decontaminate than either RDX or tetryl. A second trend that becomes more 
obvious as more stringent acceptance criteria are applied, is that metals- 
contaminated test plates and debris are easier to decontaminate than porous 
materials (clay, block, and nonmetal debris) contaminated with the same explosive 
and treated for the same treatment temperatures and times. 

9.3 DISCUSSION OF LEVEL 2 RESULTS 

Table 9-2 provides a test matrix indicating the results of validation tests meeting 
the acceptance criterion defined by Level 2. White blocks indicate those test 
specimens that failed to meet the established criterion: no explosives hits. 
Therefore, any post-treatment sample that indicated residual levels of TNT, RDX, 
or tetryl failed to meet the Level 2 criterion. In some instances, test specimens and 
wall plates that had passed the Level 1 criterion did not pass the Level 2 criterion. 
As noted in Level 1 discussions, contaminated debris from the ALAAP 
remediation area was not considered in this acceptance level because initial 
contamination levels were unknown and REs could not be calculated. 

Applying Level 2 acceptance criterion, the data presented in Table 9-2 indicate 
that spike explosives were successfully decontaminated at treatment temperatures 
of 550 °F and 600 °F, regardless of soak time. Successful decontamination means 
no trace of the original spike explosives and meeting at least 99.999% RE. 

Note the failure of a TNT-contaminated block in test run 16 A, whereas a TNT- 
contaminated block passed under similar treatment circumstances in test run 9. 
Although the REs for the samples from test 16A ranged between 99.999% and 
99.93%, residual levels of TNT detected after treatment were between 6,302 and 
10,000 ug. Although the actual cause of the failure is unknown, it is likely that the 
TNT-contaminated block never reached a temperature hot enough to vaporize the 
contaminant. During all validation test runs, treatment temperature was based on 
the average of the five material thermocouples distributed throughout the load. 
Because this test run had a zero soak time, when the five-thermocouple average 
indicated 600 °F, the furnace was shut off. There was no soak period, which 
allows materials within the load to equalize at temperatures closer to the 
thermocouple average. The system datalog for test run 16A indicated that the 
highest surface temperature reached by the concrete blocks contained in the 
furnace load was only 394 °F, whereas the metal pipe in the same load reached 
treatment temperatures between 565 and 710 °F. Discussion in Subsection 9.4 will 
highlight the importance of reaching material temperatures in excess of 500 °F. 

Table 9-2 also indicates that spike explosives were successfully decontaminated to 
the Level 2 criterion (no trace of the original spike explosives and meets or 
exceeds 99.999% RE) at treatment temperatures of 500 °F, provided that the soak 
time was greater than or equal to 2 hr. Test 13, which was also conducted at 
500 °F, but with a 1-hr soak, failed to meet the Level 2 criterion because of a 
66-ug hit of TNT found in the ash residual left behind the TNT-spiked furnace 
wall plate located in the left rear of the furnace. 
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Table 9 
Level 2 Acceptan 

300°F 400'F 500°F 550°F 

No Soak 

Test#12:3hr8min Test #11: 2 hr 41 min Test #13: 3 hr 14 min Test #10: 4 hr 46 min 

1 hr Soak TN-S TN-C TN-B FP-Te TN-S TN-C TN-B FP-R TN-S' "TN-C TN-B FP-TN TN-S TN-C TN-B, FP- 

R-S R-C R-B Dup-Te '■RiS':-' *R-C# ■R-B" Dup-te *R-S- R-Cl ÜR-B^ Dup-Te R-S R-C R-B Dup 

STe-S" Te-CT Te^B kTe-S~ =Te-CS -Te-B T«-Su ";.Te-OS *Te-B'fc Te-S Te-C Te-B 

Test #8: 5 hr 48 min 

2 hr Soak «TN-S: •m-ct §TNiB~ ■FP-R 

*R-SS *-R-C& Sfllffl*' 'Dup-Te 

3Te-S£, '■*TaiC# 'sT6i-&^ 

Test #3: 13hr42min 

4hrSoak fTN-Sl fTN^ÜTNiBl tFP-Te 

ÄR-S& &RicS iR-Bf Dup-Te 

"■Te-S-2 '8T«-Ö§ ir*B? 
Test #2: 11hr30min Test #4: 12 hr 43 min 

6 hr Soak TN-S TN-C TN-B #F-Ri 'SNSf' M N-Cl iTNiBl SFPiTN 

llRrSl .VfR-Cä© iwsi Dup-Te a?RsSiiäR ?t^wOäK ÜR-Bf Diip-Te 

£T.e-St ff*£f IT^B'-:. Srm fsfSßÜ ir^Bfr 
Test #1: 20 hr 47 min 

12 hr Soak SFNiSf %MX% Uhu! iFP-TN 
W-&?- <*F$ÖI *R=BI* 

%&&wmi0& 

KEY: 

B- Block TN - TNT FP - Furnace Plates 50° F/hr ramp: Tests 1,2, & 3 

C- Clay Te- Tetryl Dup - Duplicated Test Plate & Analysis 75° F/hr ramp: Tests 4, 5, & 6 

S- Steel R-RDX 100° F/hrramp: 
150° F/hrramp: 
200° F/hr ramp: 
300° F/hr ramp: 

Tests 7, 8 & 9 
Tests 10 & 11 
Tests 12 & 13 
Tests 14, 15, 1 
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Table 9-2 
Level 2 Acceptance Criterion 

550-F 600°F 600°F 600°F 600°l 

Test #9: 6hr15min Test 16 A: Test 16B Te 

TN-S TN-C TN-B FP-Te ^TN-SK ?TN-C TN-B SFP^TN m-S ' iTe-C^ -Te-Bi .FP-Te •R-S' R-C 

R-S" iR-C R-Bl Dup^i :TN^S> ATN-C TN-B *Te-S-T STfrC: cTe-B4 R-S R-C 

Te-S "Te-C Te-B TN-s TN-C TN-B Te-S Te-C Te-B R-S R-C 

hr14min Test #10:4 hr 46 min Test #7: 7 hr 53 min Test #14: 3 hr 20 min Test #15: 3hr3min 

TN-B FP-TN TN-S ^TN-C TN-Br FP-TN TN-S- 'TN-C TN-B7 FP-TN TN-S^ *TN-Cl «TN^f *FP-RS «TN-S*, *TN-CI; TN-B FP-Te 

&R-B"* Dup-Te T*-S* *R-C R-B" Dup-Te • R-S? *l R-C - R-B" Dup-Te >5R--S^' ■-'R-CW *R-B^ Dup-Te §&&*" §R-C& R-B Dup-Te 

'Te-B Te-Si: feTe-C Te-B Te-S* -J+C Te-B ;:,Te-Sf /'T*<£ #T*B<.- $Te-S.-::! $Te-C* ■Te-B 

ir 48 min Test #6: 7 hr 43 min 

TNiB FP-R !TNiS5 m-c TN-B- ;-FP-Te 

*R-B* Dup-Te 3 R-S» -R-C" R-B " Dup-Te 

^Tai-B T*S* .Te-C Te-B- 

hr42min Test #5: 11 hr8min 

LTN-B? *FP-Te ^msi: *TN-Cf •TN-B: ! FP-R 

fcR-B'^ Dup-Te *R-S'$ SR-C> ■Riß-' Dup-Te 

vTe-B fTe^S'l fHTe-C rrre-B' 

hr 43 min 

ETNiBf FP-TN 

5W-B£ Dup-Te 

fTe-B' 

hr47min 

pSfiSg iFP-TN 

rR-B* 

B«SB* 

50° F/hr ramp: Tests 1, 2, & 3 
75° F/hr ramp: Tests 4, 5, & 6 
100° F/hr ramp: Tests 7, 8 & 9 
150° F/hr ramp: Tests 10 & 11 
200° F/hr ramp: Tests 12 & 13 
300° F/hr ramp: Tests 14, 15, 16A, 16B, & 16C 

LEVEL 2 Acceptance Criterion: 

Any explosives hit (TNT, RDX, or Tetryl) regardless of removal 
efficiency or quantity found constitutes a failure 

IfjfeSfe-1 Pass 

I I  Fail 

>   ) 
y 



7 :.¥-?.*■'• 

)*F 600°F 600"F 

est 16 A: Test 16B Test 16 C 
-C TN-B 'FPiTN Sff*S>- iTe-C Te-Bi FP-Te * R-S R-C R-B FP-R 
-C TN-B ir»« &Te-C -Te-B ' R-S R-C R-B 
-C TN-B Te-S Te-C Te-B R-S R-C R-b 

14: 3 hr 20 min Test #15: 3hr3min 
■Cf *WBf &pm ItrtSi ?TN-C TN-B FP-Te 
c* *R^Bt Oup^Te iR-si &R-C R-Bv Dup-Te 

c> ~l*8h |»sJf 
£Te-C- Te-B 

ice Criterion: 

res hit (TNT, RDX, or Tetryl) regardless of removal 
quantity found constitutes a failure 

3 
9-5 -h- 



HGD Validation Test Report 

DISCUSSION OF RESULTS 

As noted earlier, TNT was the most difficult of the explosives to decontaminate. 
At treatment temperatures below 600 °F, TNT usually left behind a residue. The 
residue typically had a shiny, glass-like appearance. It was very light in weight, 
and in most cases formed a thin layer crust that would collapse into an ash when 
touched on the test plates. The residual was sampled, whenever encountered, by 
removing the ash from the test specimen and grinding the residue into a powder, 
before sampling the ground powder in accordance with Method 8330. 

In general, results evaluated to the Level 2 criterion narrowed the selection of 
optimal treatment temperatures, but not sufficiently to discern a clear treatment 
temperature and soak period. Level 2 results indicated the HGD process was 
capable of decontaminating the explosives contaminants of concern over a fairly 
wide range of treatment temperatures (500 °F to 600 °F) and soak times (0 to 12 
hr). As with Level 1, TNT still proved to be the most difficult explosive to treat, 
and nonporous surfaces were easier to treat than materials such as concrete and 
clay. 

9.4 DISCUSSION OF LEVEL 3 RESULTS 

Table 9-3 provides a test matrix indicating the results of validation testing using 
the most stringent acceptance criterion, Level 3. The white blocks indicate a test 
specimen or furnace wall plate failed to meet the acceptance criteria established by 
Level 3. To pass the Level 3 criterion, a test specimen or furnace wall plate cannot 
contain any detectable level of spike explosives (TNT, RDX, or tetryl) or any 
detectable level of explosives-breakdown compounds (HMX, 1,3,5-TNB, 1,3- 
DNB, NB, 2,6-DNT, or 2,4-DNT) regardless of RE. Contaminated debris was not 
considered for this criterion because initial concentration levels are unknown and 
RE could not be established. 

Using the Level 3 acceptance criterion narrowed the range of acceptable treatment 
temperatures and soak times considerably. As indicated by Table 9-3, only 
treatment temperatures of 600 °F with at least 1-hr soak times (test runs 6, 7, and 
14) are capable of decontaminating explosives-contaminated materials to levels 
where neither the spike explosives nor their breakdown compounds are detected. 
These test runs also successfully decontaminated the contaminated debris. Test 15, 
which was run at 600 °F, 300 °F/hr ramp, and no soak, failed to completely 
decontaminate the contaminated debris because of traces of 1,3,5-TNB and 2,4,6- 
TNT (0.5 ug and 0.7 g, respectively) found in a randomly selected nonmetal 
debris sample. Although this level of contamination is clearly nonreactive, these 
concentrations may not be low enough to pass a locally imposed treatment 
criterion. 

In contrast to test runs 6, 7, and 14, test runs 9, 16A, 16B, and 16C were 
conducted with a 600 °F treatment temperature and no soak, and were only 
partially successful. Although test 9 failed to completely decontaminate 
contaminated debris for trace levels of 1,3,5-TNB and 2,4,6-TNT (1.4 ug and 
2.2 ug, respectively), tests 16A and 16B failed to successfully decontaminate 
concrete blocks that had been spiked with TNT or tetryl. Test 16A treated only 
TNT-contaminated samples, and test 16B only tetryl-contaminated samples. Post- 
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Table 9-; 
Level 3 Acceptanc 

300°F 400°F 500°F 550»F 

No Soak 

Test #12: 3 hr8 min Test #11: 2hr41 min Test #13: 3 hr 14 min TEST #10: 4 hr 46 min 

1 hr Soak TN-S TN-C TN-B FP-Te TN-S TN-C TN-B FP-R TN-S TN-C TN-B FP-TN TN-S TN-C TN-B FP- 

R-S R-C R-B Dup-Te '? R-S> :R-C R-B Dup* ^'R-Sr R-C? »R-B* -Dup R-S R-C R-B Du 
-Te-S *Te-C Te-B?1 Conti £Te-S Te-C Te-B Cont <T«-S^ *Te-Ct 'Te-B Cont Te-S Te-C Te-B Co 

Test #8: 5 hr 48 min 

2 hr Soak TN-S TN-C TN-B ■FP-R 

■?R-Sf *R-C* «R-Bi Dup 

-*T*S* •■vTe-C Te-B Cont 

Test #3: 13hr42min 

4hrSoak TN-S KTN-Ct- *?TN-B FP-Te 

ä*.R-S»:". SR-CS >.R-B-if Oup-Te 

ferthS? ?Te-C Te-B 

Test #2: 11hr30min Test #4: 12 hr 43 min 

6 hr Soak TN-S TN-C TN-B ?FP-RI *TN^; ^TNiC TN-B FP-TN 

RSZ ?£rtiC& äHfcB* %RS% sraci &R-B^ Dup-Te 

"-Teig-- STahC Te-B '?T*S| ^TeiCfc Sr«-B Cont 

Test #1: 20 hr 47 min 

12 hr Soak fSTNt^i &m*$ ISTN^S" FP-TN 

R-S #fcC$' #R-'B'":' 

?vTe-St 'fcrecfc Sr»B-- I 
KEY: 

B- Block TN - TNT FP - Furnace Plates 50° F/hr Ramp: Tests 1, 
C- Clay Te- Tetryl Dup -  Duplicated Test Plate & Analysis 75° F/hr Ramp: Tests 4( 

S- Steel R-RDX Cont - Contaminated Debris After Treatment 100° F/hr Ramp 
150° F/hr Ramp 
200° F/hr Ramp 
300° F/hr Ramp 

Tests 7, 
Tests 1! 
Tests 11 
Tests V 
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Table 9-3 
Level 3 Acceptance Criterion 

500°F 550°F 600°F 600'F OOO-F 

Test #9: 6hr15min Test 16 A: Test16B 

TN-S TN-C "TN-B FP-Te TN-S TN-C TN-B FP^TN Te-S Te-C Te-B FP-Te R-S 

R-S: R-C -'■■ R-B Dup TN-S TN-C TN-B ^Te-SKj Te-C Te-B R-S 

Te-S Te-C Te-B Cont TN-s TN-C TN-B Te-S- Te-C Te-B R-S 

t #13: 3 hr 14 min TEST #10: 4 hr 46 min Test #7: 7 hr 53 min Test #14: 3 hr 20 min Test #15: 3hr3min 

TN-C TN-B FP-TN ■TN-S TN-C TN-B FP-TN TN-S TN-C TN-B FP-TN TN-SL TN-C TN-Bs *FP-RT TN-S "TN-C TN-B FP-Te 

R-C: -R-B' Dup -R-S R-C R-B Dup R-S R-C R-B Dup -R-S?: XR-CS? J R-B Dup R-S* •R-C R-B Dup 

Te-Ci "Te-B Cont .rre-s Te-C Te-B Cont Te-S Te-C Te-B Cont Te-S" Te-C Te-Bt X'Conte Te-S:. Te-C Te-B Cont 

st #8: 5 hr 48 min Test #6: 7 hr 43 min 

TN-C TN-B FP-R* TN-S TN-C TN-B' FP-Te 

R-C- PiRiBi •.* Dup' R-S R-C R-B Dup-Te 

Te-C Te-B Cont Te-S Te-C Te-B Cont 

it #3: 13hr42min Test #5:11 hrSmin 

TN-C- TN-B FP-Te TN-S' TN-C TN-B FP-R 

-R-C'i *R-B>* Oup^Te R-S: R-C; R-B Dup-Te 

Te-C Te-B Te-S Te-C Te-B Cont 

t#4: 12 hr 43 min 

mc TN-B FP-TN 

'R-C*. £R-B£ Dup-Te 
tTe-Cl «Te-B Cont 

t#1: 20hr47mln 

TN-Ci 7<TN^" FP-TN 

&WS* &WBV- 

Sre-cf £r»& 

50° F/hr Ramp:    Tests 1, 2 & 3 

sis 75° F/hr Ramp:    Tests 4, 5, & 6 

Batment 100° F/hr Ramp: Tests 7, 8, & 9 
150° F/hr Ramp: Tests 10 & 11 
200° F/hr Ramp: Tests 12 & 13 
300° F/hr Ramp: Tests 14, 15, 16A, 16B, & 16C 

LEVEL 3 Acceptance Criterion: 

Any hit for explosives or explosives breakdown compo 
of removal efficiency or quantity found, constitutes a fa 

Pass 

Fail 

i 2 s 



600°F 600°F 600"F 

Test 16 A: Test 16B Test 16 C 

TN-S" TN-C TN-B ?FP-TN Te-S Te-C Te-B FP-Te R-S R-C R-B FP-R 

TN-S TN-C TN-B 4Te-S Te-C Te-B R-S R-Cr. R-B 

TN-s TN-C TN-B Te-S T*C Te-B R-S R-C R-b 

Test #14: 3 hr 20 min Test #15: 3hr3min 

TN-S? "TN-C5 *TNias £FP-R-, TN-S "TN-C TN-B FP-Te 

> R-S? SR-CSs &R*T. Dup R-S • • R-C : R.ß:i Dup 

Te-S" T*C? •Te-Bf Sfcbritl Te-S: Te-C Te-B Cont 

.EVEL 3 Acceptance Criterion: 

Any hit for explosives or explosives breakdown compound, regardless 
of removal efficiency or quantity found, constitutes a failure 

!***-    Pass 

Fail 

9-7 



HGD Validation Test Report 

DISCUSSION OF RESULTS 

treatment samples of TNT-spiked blocks from test 16A contained levels as high as 
7,962 ug 2,4,6-TNT and 10,000 ug of 2,4-DNT. Post-treatment samples of tetryl- 
spiked blocks taken after test 16B contained levels of 1,3,5-TNB from 0.6 to 
191 ug. In tests 16B and 16C (RDX only), some of the furnace test plates failed to 
meet the treatment criterion. 

These failures point to the importance of ramp times and treatment temperature in 
decontaminating explosives-contaminated materials. In each test load, spiked steel 
pipe, spiked clay plates, spiked concrete blocks, and five furnace wall plates were 
treated. Precontaminated debris (metal valving, pieces of clay and metal piping, 
and chunks of concrete) from the remediation effort were placed with similar items 
in the furnace. Like the other test runs, five thermocouples were placed throughout 
the furnace load to track material temperatures during the test runs. The average 
of the five thermocouples was used to determine when the furnace had reached 
treatment temperature. When the average thermocouple value, as tracked by the 
data logger, was equal to 600 °F, the soak period started. In the case of a zero 
soak time, the test run was completed and the furnace burner was shut off. Figures 
9-1, 9-2, and 9-3 provide a comparison of metal, clay, and block temperatures at 
the end of the test ramp to 600 °F and at the end of soak times for tests 7, 9, 14, 
15, 16A, and 16B. Tests 7 and 9 were performed with a slow ramp rate of 
100 °F/hr to 600 °F treatment temperature. Tests 14, 15, 16A, and 16B used the 
fastest ramp rate to 600 °F (i.e:, 300 °F/hr); however, tests 16A and 16B did not 
use a soak period. Tests 14 and 15 ramped at 300 °F/hr but were maintained at 
600 °F for 1 hr before shutting down the furnace burner. 

For tests 7, 9, 14, 15, 16A, and 16B, all metal test specimens and furnace wall 
plates were successfully decontaminated regardless of the original spike 
contaminant. Figure 9-1 indicates that a common material temperature of 565 °F 
was reached by the metal specimens in as little as 1 hr and as long as 5 hr and 15 
minutes, depending on ramp times and specimen location within the furnace. This 
figure also illustrates that the time to reach a required temperature for 
decontamination is not important; however, having the material reach the 
decontamination temperature is important for complete decontamination to occur. 

In the case of spiked clay specimens, Figure 9-2 indicates that a common 
treatment temperature of 571 °F was reached by the clay specimens in as little as 
1 hr and 5 minutes, and as long as 4 hr and 35 minutes, depending on ramp times 
and location within the furnace. Like Figure 9-1, this figure illustrates that the 
time to reach the decontamination temperature is not as important as the ability of 
the contaminated material to reach that temperature. The clay specimen failure 
indicated in Table 9-3 for test run 16B occurred because of a concentration of 
0.6 ug 1,3,5-TNT. 

Figure 9-3 was prepared for the block specimens treated in test runs 7, 9, 14, 15, 
16A, and 16B. In tests 16A and 16B, the HGD process failed to treat block 
specimens contaminated with TNT and tetryl. Figure 9-3 shows that the concrete 
block in test run 16A never reached 400 °F and block in test run 16B barely 
reached an average temperature of 450 °F. As noted in Table 9-3, these tests failed 
to decontaminate the spiked block. For test runs 7, 9, 14, and 15, however, 
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HGD Validation Test Report 

DISCUSSION OF RESULTS 

Figure 9-3 shows the average material temperature did reach at least 500 °F 
before the test was ended and all spiked materials were successfully 
decontaminated. 

Based on the information provided in this figure, one can conclude that 
contaminated materials in test runs 16A and 16B could have passed the Level 3 
criterion if the test runs had used a soak period, slower ramp to 600 °F, or a 
combination of both. 

From the graphs presented in Figures 9-1, 9-2, and 9-3, the evidence indicates 
contaminated materials that are allowed, by virtue of ramp to treatment 
temperature and soak at treatment, to reach temperatures between 500 °F and 
565 °F, are able to successfully pass the Level 3 criterion. In other words, post- 
treatment sampling of these materials indicates complete decontamination of TNT, 
RDX, and tetryl and their breakdown compounds. An examination of the same 
data for the lower temperature test runs indicates that contaminated materials that 
do not reach at least 500 °F do not meet the criterion for complete 
decontamination. 

These figures seem to indicate that soak and ramp are unimportant as long as the 
contaminated load is able to achieve the minimum required temperature for 
complete decontamination during the furnace run. However, from an operational 
standpoint, WESTON found that 300 °F/hr ramps were too fast. With a 300 
°F/hour ramp, the furnace chamber temperature reaches treatment temperature 
(600 °F) much sooner than the load temperature reaches treatment temperature; 
therefore, the furnace burner over-fires during the lag period needed for the 
material load temperature to catch up to the furnace chamber temperature. 
Therefore, a 250 °F/hr ramp to treatment temperature is more desirable, and 
allows better process control of the furnace burner. Finally, Figures 9-1, 9-2, and 
9-3 illustrate the inherent disadvantages to processing materials having distinctly 
different material types in the same furnace load. For instance, if only metal were 
processed in a batch load instead of metal and block, the temperature differential 
problems highlighted in Figures 9-1 through 9-3 could be avoided. 

9.5 TRENDS OBSERVED THROUGHOUT VALIDATION TESTING 

Throughout testing, regardless of test conditions, TNT was the most difficult 
explosives compound and RDX the easiest compound to decontaminate. Test 2 
was conducted at 300 °F to define a temperature that did not successfully treat 
RDX. 

Nonporous materials (metal) were easier to decontaminate than porous materials 
such as clay or concrete block; however, once materials reached treatment 
temperatures of at least 500 °F, the likelihood of successful decontamination was 
excellent. 

A review of post-treatment sampling results indicates that many of the residual 
contamination levels that caused specimens and wall plates to fail the Level 3 
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HGD Validation Test Report 

DISCUSSION OF RESULTS 

criterion are quite small. However, the question becomes: "Are the residual levels 
low enough to pass standard accepted treatment criteria for explosives?" 

To provide a comparison of the residual contamination levels found during 
validation testing to an accepted treatment criterion, WESTON converted the 
residual levels of contaminants found on the post-treatment wipes and ground 
samples to a concentration (ug/g for ground samples and ug/in.2 for wipe 
samples). The resultant concentrations were graphed against the pretreatment 
concentration of spike explosives and then compared against a 99.99% removal 
requirement (see Figures 9-4 and 9-5). In the case of the solid samples (concrete 
block, clay, and contaminated debris), the final concentration was also compared 
against a 1-ppm treatment criterion for explosives, which WESTON was required 
to meet prior to backfilling explosives-contaminated soils at ALAAP. Figure 9-4 
illustrates that all wipe samples, except for those taken following test 3 (which 
was conducted at 300 °F), are able to successfully pass the 99.99% removal 
criterion. Figure 9-5 indicates that all but one of the solid samples that passed the 
99.99% removal criterion were able to pass the 1-ppm backfill criterion. The solid 
samples that did not meet the 99.99% removal criterion had not reached 
temperatures sufficiently hot enough (at least 500 °F) to completely decontaminate 
the spike explosives. 

9.6 RECOMMENDED TREATMENT TIME AND TEMPERATURE 

After reviewing the post-treatment sampling results with USAEC, it was 
determined that the optimal conditions necessary to ensure complete 
decontamination of explosives-contaminated materials placed in the transportable 
HGD system would be a 250 °F/hr ramp to a 600 °F treatment temperature for 
a 1-hr soak. This set of conditions has been proven to decontaminate furnace 
loads containing metal and clay piping, concrete block, and contaminated debris 
containing no more than 1 lb. TNT, RDX, and tetryl combined. 

The efficiency of all thermal processes will vary, depending on the contaminant to 
be treated, material loading, contaminant type, and local regulatory requirements 
for cleanup. A close examination of the data gathered during validation testing 
with the HGD system at ALAAP indicates that successful decontamination of 
TNT, RDX, and tetryl was achieved at operating temperatures that are much 
lower than the optimal conditions selected for the decontamination of a furnace 
load containing a variety of material types and contaminants. Therefore, it is 
strongly recommended that future users of the transportable HGD system conduct 
a treatability study on their specific wastes and contaminants of concern to verify 
that the treatment temperatures, soak and ramp times, and general system 
operating conditions (e.g., interlocks and alarm points) defined by these validation 
tests are adequate for decontamination. 

9.7 NOx EMISSIONS TRENDS IN THE INTERCONNECTION DUCT 

During earlier HGD studies, high-level intermittent NOx spikes had been observed 
at the stack. The spikes were of short duration (1 to 2 seconds) and occurred once 
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DISCUSSION OF RESULTS 

or twice during the entire length of a furnace run. Because the explosives that 
would be treated by the transportable HGD system were nitrogen-based, the 
phenomenon seemed worth investigating. To verify the spiking NOx was indeed 
real, a second CEM probe, separate from the stack probe, was installed in the 
interconnection duct between the furnace exit and thermal oxidizer inlet. The data 
gathered by the CEM system were sent to the control area datalog and displayed 
on the system's real-time trending screen. A copy of the NOx trends at the furnace 
exit for each test run is provided in Appendix L of this test report. 

Once a furnace run started it did not take long before the CEM data collected from 
the interconnection duct probe showed increased NOx activity well above baseline 
levels. This activity would begin at approximately 300 °F, during the ramp period, 
and continue until the average material load reached about 400 °F. After this point 
the NOx would return to baseline. This same trend was not seen at the stack. NOx 

measured at the stack indicated NOx concentrations rise during thermal oxidizer 
startup, as expected, and then level off during furnace ramp and soak periods. As 
expected, NOx at the stack tapers off during cooldown. This clearly shows that 
stack NOx was a direct result of propane combustion and the high temperatures at 
the thermal oxidizer exit. Closer inspection of the NOxdata from all the validation 
test runs indicates that NOx levels at the furnace exit are essentially at nondetect 
levels, except during pre- and post-ramp periods and stack NOx seemed to directly 
correlate to the thermal oxidizer and not decontamination activities in the furnace. 
The increased NOx activity at the furnace exit during ramp periods seems to be an 
indication of bulk decontamination taking place; however, there are no data from 
this test program to support this theory. 

9.8 ASBESTOS-CONTAMINATED MATERIALS 

In the process of decommissioning explosives manufacturing facilities, the Army 
encounters many buildings that have been constructed using transite siding or 
contain asbestos-insulated piping, and much of this asbestos-containing material is 
also explosives-contaminated. Therefore, one of the final objectives of the 
validation test was to place asbestos-containing materials into the HGD furnace 
and evaluate the effect of processing on the asbestos-contaminated materials. 

There was a concern that the asbestos-containing materials would break down and 
become friable as a result of treatment. Transite siding was obtained from the 
ongoing remediation activities at ALAAP. On 11 March 1996, approximately 
1 lb. of asbestos-containing transite siding was placed in the HGD furnace. No 
other materials were placed in the furnace with the transite. The HGD furnace was 
operated with a 300 °F/hr ramp, a treatment temperature of 600 °F, and a 2-hr 
soak at 600 °F prior to shutting down the furnace. 

Once the system cooled, the furnace door was opened and the processed transite 
was visually inspected to identify its condition. The operators donned air sampling 
cartridges during all handling procedures to determine if any asbestos had become 
airborne during processing or final handling. The visual inspection of the transite 
indicated no noticeable effect on the transite. The asbestos contained in the transite 
had not become friable, and the siding itself was intact and showed no signs of 

MK01IOA02281012.012WTR-S9.DOC Q-16 10/1/96 



HGD Validation Test Report 

DISCUSSION OF RESULTS 

structural breakdown. The results of the personal air monitoring indicated fiber 
counts less than detection limits for two samples. One sample had a fiber count of 
0.005 fibers/cc versus the detection limit of 0.003 fibers/cc. 

Based on these limited data, it appears that explosives-contaminated transite could 
be processed by the HGD process, without concern that the material would 
become friable during processing. However, additional studies to evaluate the 
effects of the HGD process with different types of asbestos-containing materials, 
such as asbestos-containing pipe insulation, and longer soak times at treatment 
temperatures is strongly recommended. 
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10. 
SYSTEM COST 

The total costs associated with the transportable HGD system can be broken down 
into the following cost items, and are further detailed in Subsections 10.1 through 
10.3: 

■ Capital equipment costs. 
■ Installation and startup costs. 
■ Operating costs. 

10.1  CAPITAL EQUIPMENT COSTS 

All capital equipment costs provided in this subsection are based on the skid- 
mounted, transportable HGD system that was procured for USAEC in fiscal 1995. 
All instrumentation and electrical systems supplied with the transportable HGD 
equipment were capable of remote and local operations, and qualified to operate in 
National Electrical Code (NEC) and NFPA Class 1, Division 2, Group D 
environments. 

Furnace $156,000 

Includes furnace, 1 million Btu/hr gas-fired burner, burner 
controls, combustion air blower, and local and remote 
control panels. 

Thermal Oxidizer $180,000 

Includes 2.75 million Btu/hr gas-fired thermal oxidizer, 
stack, air pre-mix system, and local and remote control 
panels. 

Interconnection Duct $5,500 

Includes materials and fabrication costs. 

I.D. Fan $9,000 

Centrifugal-type rated for 2,250 cfm at 650 °F (700 °F 
maximum operating temperature) remote-controlled variable frequency drive. 

Miscellaneous Equipment $35,000 

Power and instrument cables, computers, software, 
treatment racks, uninterruptable power supply. 
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Continuous Emission Monitoring System (Optional) $286,000 

Extractive-type, redundant system for monitoring 02, CO, 
C02, THC, S02, and NOx. System meets 40 CFR 60, Appendix 
A and B requirements. 

Control Trailer (Optional) $18,000 

8 feet by 40 feet with office space and restroom. 

10.2 INSTALLATION AND STARTUP COSTS 

Installation costs will vary from site to site and from job to job because of local 
conditions, labor costs, and equipment transportation costs. Items that should be 
considered in estimating installation costs are identified in Subsections 10.2.1 
through 10.2.4. 

10.2.1 Site Preparation 

Site preparation costs can be expected to vary, depending on the location and 
condition of the site to be used. Site preparation items can also have a significant 
impact on installation costs, especially if a selected site is undeveloped. Site 
preparation items that may be required prior to mobilization of the HGD 
equipment to the selected site include the following: 

Site clearing and grubbing. 
Site grading. 
Installation of static control, lightning protection grid, and grounding grid. 
Equipment pad installation. 
Installation of site lighting. 
Installation of an electrical service. 
Installation of telephone service. 
Installation of a fuel source. 
Installation of water service. 
Installation of sanitary sewer system. 
Installation of fire protection. 

10.2.2 Transportation and Mobilization to Site 

The transportable HGD system is mobilized using three low-boy-style trailers (one 
each for the furnace, the thermal oxidizer, and the stack and miscellaneous 
equipment). A low-boy style trailer would be required for either the CEM or the 
control trailer should they be required to support operations. The skid-mounted 
equipment can be removed from the trailers, by a crane or heavy forklift, and 
placed on an equipment pad, as required for operations. A 1-day crane or heavy 
forklift rental is adequate to support this operation. 
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10.2.3 System Shakedown and Startup 

SYSTEM COST 

System shakedown to verify electrical connections, instrument calibrations, and 
general system operating integrity should be performed prior to actual treatment of 
contaminated materials by the HGD system equipment. Shakedown operations 
include: 

■ Installation of interconnecting instrument and control cabling. 
■ Instrument calibration and checkouts. 
■ System functionality testing. 

Cost associated with system shakedown and startup is approximately $18,000 
(assuming three people for 10 days). 

10.2.4 Procurement and Installation Schedule 

A generic project schedule to procure and install a transportable HGD system is 
illustrated in Figure 10-1. This schedule is based on the actual project schedule to 
procure and install the transportable HGD system at ALAAP. Please note 
schedule task durations may vary, depending on project or site-specific 
requirements. 

10.3 OPERATING COSTS 

The pricing listed below is based on one transportable HGD system operated at 
ALAAP between December 1995 and March 1996. Costs are expected to vary 
from site to site, depending on the costs of labor and utilities and the selected 
operating conditions. A day assumes 24-hour operation. 

Electricity: $100/day 

Propane: $725/day 

Propane delivery system equipment 
(15,000 GWC storage tank): $40/day 

CEM calibration gases: $60/day 

Incidentals and miscellaneous parts: $60/day 

Labor 
(assume 2 workers: 1 operator 
and 1 shift supervisor): $5,200/day 

To increase production, additional furnaces can be installed and connected to one 
common thermal oxidizer, provided the capacity of the thermal oxidizer is 
adequate. Operation of the multiple furnace arrangement would be staggered so 
that as one furnace is heating up and operating, the second furnace would be 
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loaded with the next batch of material to be treated. The estimated incremental 
increase in operating cost for each additional furnace is as follows: 

Electricity: $100/day 

Propane: $725/day 

Incidentals and miscellaneous parts: $20/day 

Labor 
(assume one more operator 
for each additional furnace): $2,600/day 

Note: Additional propane delivery system equipment and CEM calibration gases 
are not required for each additional furnace installed. 
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11. 
RECOMMENDATIONS 

11.1  CONCLUSIONS 

The validation test program conducted by WESTON at ALAAP was a success. 
Eighteen test runs were conducted. Each test run processed approximately 3,000 
lb of TNT-, RDX-, and tetryl-contaminated metal, clay, and concrete block, as 
well as contaminated debris from an ongoing remediation project at ALAAP. No 
more than 1 lb of total explosives was processed in any test run. 

11.1.1 Validation Test Results 

The validation test program demonstrated the soundness of the transportable HGD 
equipment design and the efficacy of the HGD process to remove and destroy 
explosives residues, such as TNT, RDX, and tetryl from metal, clay, and concrete 
materials and debris. Results of the validation test program indicate the following: 

■ The optimum operating conditions for achieving complete removal of TNT, 
RDX, tetryl, and their breakdown constituents to levels below method 
detection levels are: 

-     250 °F/hr ramp rate to treatment temperature. 
600 °F treatment temperature. 
1 -hour soak at treatment temperature. 

■ The bulk of explosives decontamination seems to occur during the furnace 
ramp period, as indicated by NOx levels monitored in the interconnection duct 
between the furnace exit and thermal oxidizer inlet. Sampling conducted for 
explosives at the furnace exit during the soak periods associated with tests 1, 
2, and 3 detected small quantities of explosives during the soak periods. 

■ Post-treatment sampling and analysis consistently indicated removal 
efficiencies for TNT, RDX, and tetryl of 99.999%, based on an initial 
quantity of total explosives contamination. 

■ The removal efficiency (RE) of the thermal oxidizer ranged from >67.15% to 
99.97%. The low REs, however, do not reflect poor oxidizer efficiency. No 
detectable explosives concentrations were detected at the thermal oxidizer's 
discharge. These REs reflect the inherent bias in the RE calculation when 
discharger concentrations are below detection limits. 

■ The HGD process effectively processes explosives-contaminated debris to 
microgram quantities or less. 
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The transportable HGD process is a controlled and fully instrumented process 
that has demonstrated its repeatability, test after test. 

Asbestos-containing transite siding did not become friable or show signs of 
structural breakdown after processing with a 300 °F/hr ramp and a treatment 
temperature of 600 °F. 

11.1.2 Source Emissions Test Results 

Stack emission data were collected during validation test runs 1, 2, and 3. 
Continuous Emissions Monitoring (CEM) data were collected during all test runs. 
Emissions results are summarized in Table 11-1 and in the following statements: 

■ No detectable explosives contamination was determined to be present in the 
thermal oxidizer's discharge stream. 

■ Sampling and analysis of volatile and semivolatile organic compounds (VOCs 
and SVOCs) was conducted to identify Products of Incomplete Combustion 
(PICs) and explosives breakdown compounds. Results indicate the following: 

Only acetone, which was used to make the explosives-spike mixtures, was 
found in significant quantities. 

-     Samples were analyzed for SVOC Target Compound List (TCL) 
compounds; however, only nontarget SVOCs were identified. 

11.1.3 Continuous Emissions Monitoring Results 

Total hydrocarbons, sulfur dioxide, nitrous oxides, carbon monoxide, and 
carbon dioxide emissions, measured by the CEM system, were significantly 
below the limits usually associated with permitting. 

NOx levels monitored in the furnace exit gas duct (thermal oxidizer inlet) 
indicated increased NOx activity during ramp-up periods and a return to 
baseline NOx levels after the furnace chamber temperature reached 
approximately 400 °F. 

NOx emissions at the stack are slightly higher than expected, and are suspected 
to be a result of propane combustion and the high operating temperature 
(approximately 1,800 °F) of the thermal oxidizer. 
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Table 11-1 

Transportable HGD System Equipment Emissions Results 

Hazardous Air Pollutant 
Existing Standard 
(as of June 1996) Test Run Average 

Total hydrocarbons (ppm/v) 12 <1.0 

Carbon monoxide (ppm/v) 100 <1.0 

Sulfur dioxide (ppm/v) 30 0.69 

Nitrous oxides (ppm/v) 180 52.78 

Paniculate (gr/dscf at 7% 02) <0.08 0.0004 

Hexavalent chromium (ug/dscm) NA 12.18 

Low volatility metals (ug/dscm) 
(antimony, arsenic, beryllium, chromium) 

210 (currently) 
62 (proposed) 

15.03 

Semivolatile metals (ug/dscm) 
(lead and cadmium) 

270 (currently) 
62 (proposed) 

2.33 

Hydrochloric acid, HC1 (lb/hr) 4.0 1.56 x 10"3 

Chlorine, Cl2 (ppm/v) NA 0.08 

Total HC1 and Cl2 (ppm/v) 280 (currently) 
67 (proposed) 

0.36 

Mercury (ug/dscm) 50 0.04 

Dioxins/furans (ng TEQ/dscm) 0.2 0.03 

Notes: 
lb/hr - pounds/hour. 
ppm/v - parts per million per volume. 
gr/dscf- grains per dry standard cubic foot. 
Ug/dscm - micrograms per dry standard cubic meter. 
ng TEQ/dscm - nanograms toxic equivalents per dry standard cubic meter. 
NA - not applicable. 
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11.1.4 Regulatory Approval Requirements 

Future users of the transportable HGD system should expect to apply for an 
operating permit, granted by federal and state regulatory agencies, prior to starting 
HGD operations at their facility. Federal and state regulatory agencies should be 
contacted to verify permit/approval requirements prior to equipment mobilization. 
Based on WESTON's experience, requirements for approval will depend primarily 
on the following: 

■ Classification of the site with regard to the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA). 

■ The type of contaminants to be treated (RCRA, TSCA, or nonhazardous). 

■ Levels of contaminants (high concentrations of contaminants may trigger air 
emissions limitations, which vary throughout the country). 

Anticipated permit/approval requirements, in relation to waste type, are presented 
in Table 11-2. 

Table 11-2 

Permit/Approval Requirements 

Type of Waste CERCLA Site Non-CERCLA Site 

RCRA Part B Permit Part B Substantive Technical Information Requirements 

State Air Permit State Air Permit Substantive Technical Information Requirements 

TSCA TSCA Permit TSCA Permit Substantive Technical Information Requirements 

State Air Permit State Air Permit Substantive Technical Information Requirements 

Nonhazardous State Air Permit State Air Permit Substantive Technical Information Requirements 

11.2 RECOMMENDATIONS 

Over the life of the validation test program at ALAAP, a number of observations 
were made regarding future operations and testing of the transportable HGD 
equipment. Those observations and associated recommendations are as follows: 

1.   NOx levels measured at the furnace exit indicated an increase in NOx above 
baseline during the ramp-up periods for each validation test run. Once the 
ramp period was completed, increased NOx activities steadied and levels 
returned to baseline. Based on this observation, WESTON recommends 
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conducting additional testing to determine whether NOx levels at the furnace 
exit can be used as an indicator of completed decontamination. 

2. Test runs 1, 2, and 3 used 50 °F/hr ramps and soak times in excess of 4 hr, 
thereby resulting in total test times of 21.1, 11.3, and 14.5 hr long, 
respectively. Stack testing did not begin until furnace temperatures were equal 
to 250 °F, and initial explosives-spike quantities were sufficiently small to 
limit the ability to demonstrate >99.99% RE consistently. As a result of these 
facts, actual system REs could not be calculated. Future emissions testing 
should be conducted to determine the actual RE for the thermal oxidizer. 

3. If test items or contaminants to be treated during future operations are 
significantly different from those treated during this validation test, further 
testing (sampling and analysis) should be conducted to verify optimum 
operating conditions. 

4. If explosives or propellant compounds other than TNT, RDX, or tetryl are to 
be treated by the HGD system, additional source emissions testing should be 
conducted to determine the associated REs. 

5. Several indications of flashing, melting, or boiling events occurring in the 
furnace chamber during processing were observed by the equipment operators 
during post-treatment sampling. Although post-treatment analysis can confirm 
decontamination, there is currently no way to observe the actual 
decontamination process. A remote-controlled, water-cooled camera installed 
inside the furnace chamber would allow the equipment operators to observe 
the decontamination process as it is occurring. 

6. Validation testing at ALAAP limited the total explosives load to 1 pound. This 
quantity was artificially selected to ensure both operator safety and equipment 
integrity. Before validation testing began, it was thought that system pressures 
might be affected by the vaporization and/or flashing that occurs during 
decontamination. System pressures, however, remained constant throughout 
processing, despite evidence that flashing or boiling might have occurred. 
Although the maximum load of 3,000 lb cannot be increased because of 
furnace design limitations, it is strongly suggested that USAEC define the 
explosives load for this HGD system. Additional explosives loading would 
also support future RE calculations. 

7. During the course of conducting this treatability study, WESTON has 
received several inquiries from government agencies interested in using HGD 
for treating contaminants other than explosives; i.e., propellants and PCBs. 
For this reason, WESTON suggests that USAEC consider testing to 
investigate the effectiveness of the HGD technology on other contaminants 
such as propellants and PCBs. 
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