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ACRONYMS AND ABBREVIATIONS 

ACFM actual cubic feet per minute 

AWFCO automatic waste feed cutoff 

CEM continuous emission monitor  

CEMS continuous emission monitoring system 

cfm cubic feet per minute 

CFR Code of Federal Regulations 

CO carbon monoxide 

CO2 carbon dioxide 

CRO control room operator 

CRR Carbon Reduction Reformer 

CWI CH2M-WG Idaho, LLC 

DEQ Idaho Department of Environmental Quality 

DMR Denitration Mineralization Reformer 

DOE U.S. Department of Energy 

dscf dry standard cubic foot 

dscm dry standard cubic meter 

EDF Engineering Design File 

EL emissions limit 

EPA U.S. Environmental Protection Agency 

ft/sec feet per second 

GC gas chromatograph 

gpm gallons per minute 

gr/dscf grains per dry standard cubic foot 

H2 hydrogen 

HEPA high-efficiency particulate air (filter) 
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HVAC heating, ventilating, and air conditioning 

HWMA Hazardous Waste Management Act 

ID internal diameter or identification (depending on context) 

INL Idaho National Laboratory 

in. w.c. inches of water column 

INTEC Idaho Nuclear Technology and Engineering Center 

IWTU Integrated Waste Treatment Unit 

MACT maximum achievable control technology 

MS mass spectrometer 

ηg nanogram 

NFM nuclear facility manager 

NOx nitrogen oxides 

NWCF New Waste Calcining Facility 

O2 oxygen 

OGC off-gas cooler 

OGF off-gas filter 

PAH polynuclear aromatic hydrocarbon 

PCDD/PCDF polychlorinated dibenzo-p-dioxins and polychlorinated dibenzo furans 

PGF process gas filter 

PLN plan 

ppmv parts per million by volume 

ppmw parts per million by weight 

PTC Permit to Construct 

QA quality assurance 

QAPjP Quality Assurance Project Plan 

QC quality control 
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RCRA Resource Conservation and Recovery Act 

SBW sodium-bearing waste 

scfm standard cubic feet per minute 

SGV superficial gas velocity 

SPT System Performance Test 

SRE system removal efficiency 

SVOC semivolatile organic compound 

TCDD tetrachloro dibenzo-p-dioxin 

TIC tentatively identified compound 

μg microgram 

VOC volatile organic compound 

WFT waste feed tank 
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1. INTRODUCTION 

1.1 Facility and Background Information 

The Idaho Nuclear Technology and Engineering Center (INTEC), located at the Idaho National 
Laboratory (INL), is a Department of Energy (DOE) facility that was previously used to reprocess nuclear 
fuel. INTEC currently has in storage approximately 840,700 gallons of sodium-bearing liquid radioactive 
(mixed) waste. This waste is comprised of acid decontamination solutions that contain high levels of 
sodium. This waste also contains toxic metals and trace concentrations of organics that are regulated 
under the Hazardous Waste Management Act (HWMA)/Resource Conservation and Recovery Act 
(RCRA). 

Based upon an agreement with the Idaho Department of Environmental Quality (DEQ), DOE is 
preparing to treat this waste. CH2M-WG Idaho, LLC (CWI) has been contracted by DOE to build and 
operate the Integrated Waste Treatment Unit (IWTU) to process this waste. The IWTU has been 
constructed at INTEC and will use a patented steam reforming technology. This technology was selected 
because it will immobilize the radionuclides, sodium, potassium, sulfate, chlorides, fluorides, and 
nonvolatile heavy metals into a stable granular solid product, while destroying nitric acid, nitrates, and 
organic compounds present in the waste. The process converts nitrates and nitrites directly to nitrogen 
gas. Organic material in the waste is converted to carbon dioxide and water vapor. The off-gas (mainly 
carbon dioxide, water, nitrogen, and oxygen) from the process is filtered through sintered metal filters, 
high-efficiency particulate air (HEPA) filters, and sulfur-impregnated granular-activated carbon. The 
filtered off-gas then will be vented to the atmosphere through a stack. 

The IWTU facility is defined as a miscellaneous treatment unit under the HWMA/RCRA 
Subpart X regulations, and has received a HWMA/RCRA Part B Permit. The IWTU also has a Permit to 
Construct and is included in the INL Title V air permit. At the time the Air Permit to Construct was 
submitted, the DEQ Air Program determined that Maximum Achievable Control Technology (MACT) 
EEE was not applicable to the IWTU. Both the Air and HWMA/RCRA permits were developed to follow 
this approach and the HWMA/RCRA permit was reviewed and concurred with by EPA at the time of its 
issuance. Although compliance with MACT is not required, these regulations were considered during the 
development of this plan. As a miscellaneous unit, the purpose of the test is to demonstrate that the 
emissions from the unit do not pose an unacceptable risk to human health and the environment. This will 
be completed by comparing the measured test emissions with the acceptable risk concentrations in the 
risk assessment plans. 

Because the IWTU is newly constructed, it is necessary to provide an orderly and systematic 
startup and testing of all components. The testing performed in support of IWTU startup is described in 
PLN-2020, “IWTU Commissioning, Transition, and Readiness Plan.” The scope of PLN-2020 includes 
vendor testing, construction acceptance testing, component testing, system operability testing, and 
integrated testing. The IWTU Startup Plan (PLN-3350) provides a brief description of the approach for 
the System Performance Test (SPT) described in this test plan. The scope of PLN-2020 also includes the 
system turnover process used to transfer control of each system to other organizations when construction 
is completed and when testing is completed. The anticipated testing schedule is as follows: 

• Component testing began in September 2009 

• Construction completed June 2011 

• Hot nitrogen integrated testing completed March 2012 

• Integrated testing with water feed in March–April 2012 
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• SPT in May 2012 

• Submission of SPT report in August 2012, but no later than 90 days following completion of the 
SPT. 

1.2 Test Plan Purpose and Organization 

As stated in Section 1.1, the IWTU is classified under the HWMA/RCRA regulations as a 
miscellaneous treatment unit. A miscellaneous treatment unit must be located, designed, constructed, 
operated, maintained, and closed in a manner that will ensure protection of human health and the 
environment. Permits for miscellaneous treatment units contain such terms and provisions as necessary to 
protect human health and the environment, and include those requirements of other HWMA/RCRA-
regulated treatment units that are appropriate for the miscellaneous unit being permitted. 

Because the IWTU is a thermal treatment process, the standards applied to other hazardous waste 
thermal treatment processes have been identified as the most appropriate targets. Specifically, the 
standards applicable to new sources, 40 Code of Federal Regulations (CFR) 63.1219(b), “Emission 
Limits for New Sources,” will be used, where appropriate, to evaluate the performance of the IWTU, 
along with an evaluation of the potential risk posed by the IWTU emissions. 

This test plan has been prepared to serve as a SPT plan for the IWTU. The objective of the SPT is 
to gather emissions data that can be used in evaluating the IWTU against the identified performance 
targets, and for validation of the existing IWTU Risk Assessments. The SPT will also document process 
operating conditions that can be incorporated into the permit to ensure that continuing operations conform 
to the conditions under which the SPT was conducted. 

Successful treatment is defined as demonstration that the steam reforming process performs as 
designed to convert liquid waste to a solid granular product within the limits set by the approved permit, 
and that the emissions observed during the test validate the risk assessments which ensure that the IWTU 
operations do not pose a threat to human health or the environment. 

The purpose of this SPT plan is to identify and document the necessary process details; sampling, 
analytical, and quality assurance/quality control (QA/QC) procedures; and anticipated HWMA/RCRA 
permit operating conditions necessary to demonstrate compliance with the applicable permit conditions. 
This SPT plan has been organized into the following major sections: 

1. Introduction 

2. Feed Stream Description 

3. Engineering Description 

4. Test Design and Protocol 

5. Sampling, Analysis, and Monitoring Procedures 

6. Test Schedule 

7. Operating Limit Objectives 

8. Test Report. 

Appendix A contains sampling procedures to be used during the test. Appendix B contains specific 
analytical method descriptions. Appendix C contains the Quality Assurance Project Plan (QAPjP) for the 
test activities. Appendix D contains EDF-9483, “IWTU System Performance Test: Risk Evaluation for 
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Organic Compounds Emissions,” describing how the emissions data will be used in risk evaluation. 
Appendix E contains the locations of emission sampling points. Appendix F contains supplemental 
sampling information. 

1.3 Waste Feed and Treatment Process Overview 
Liquid mixed waste has been generated over the last five decades at INTEC, formerly called the 

Idaho Chemical Processing Plant, as a result of normal operations and facility deactivation and 
decommissioning activities. From December 1963 until June 2000, the Waste Calcining Facility and the 
New Waste Calcining Facility (NWCF) processed the high-level liquid waste generated from 
reprocessing nuclear fuel into a granular, solid form. As of April 2011, approximately 840,700 gallons of 
sodium-bearing waste (SBW) remained in Tank Farm tanks at INTEC. 

The IWTU is designed to treat liquid SBW to produce a solid treatment product for disposal. The 
IWTU will utilize steam reforming technology, which includes a dual fluidized-bed process that uses 
superheated steam, carbon, and other additives to convert the SBW into a solid, granular treatment 
product that is packaged into canisters suitable for disposal. The process is named the IWTU because two 
fluidized-bed steam reformers, the Denitration Mineralization Reformer (DMR) and the Carbon 
Reduction Reformer (CRR), are integrated into a single treatment process with a common air pollution 
control system. The DMR, CRR, and material transfer and loadout systems utilize filters that are integral 
to the processing system used to capture and package the solid treatment product; these filters are not part 
of the air pollution control system. The IWTU air pollution control system includes the process HEPA 
filter system (which is located downstream from the DMR and CRR), the building ventilation HEPA 
filter system, and a granular-activated carbon mercury adsorption system. 

1.4 Test Objectives and Approach 
This SPT plan has been prepared to provide system performance testing of the IWTU system, with 

the objective of gathering emissions data that can be used to evaluate the IWTU against the identified 
performance targets, and for validation of the existing IWTU Risk Assessments. The SPT will also 
document process operating conditions that can be incorporated into the HWMA/RCRA permit to ensure 
that continuing operations conform to the conditions under which the SPT was conducted. During the 
SPT, the IWTU will be operated at “bounding” conditions, which have been selected to maximize 
emissions. 

It may not be possible to maximize all conditions at one time. Therefore, two test conditions have 
been incorporated into the test protocol. The IWTU will process mixed waste during the SPT. Conducting 
the SPT on mixed waste will establish operating conditions that will be included in the HWMA/RCRA 
permit. More specifically, the objectives of the SPT are as follows: 

1. Demonstrate compliance with the operating conditions found in Module VI of the HWMA/RCRA 
Part B Permit, and determine actual emissions rates of carbon monoxide, particulate, hydrocarbon, 
hydrogen chloride, chlorine, mercury, semivolatile metals, low volatility metals, and dioxins and 
furans 

2. Establish permit operating limits for waste feed rate, process operating conditions, gas flow rate, 
and off-gas treatment system components 

3. Gather emissions information for validation of the existing IWTU Risk Assessments 

4. Demonstrate nitrogen oxide emissions performance for air permit compliance. 
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1.5 Test Protocol Summary 

The proposed SPT is comprised of two test conditions, each comprised of four replicate sampling 
runs. (Note that three runs are required by the regulations. The fourth run is being added as a 
contingency.) During the testing, the IWTU system will be operated at maximum waste feed rate, 
maximum process gas flow rate, minimum DMR and CRR temperature, minimum DMR off-gas 
hydrogen concentration, minimum CRR off-gas oxygen concentration, and conditions for the off-gas 
treatment components (as described in Section 4.2). 

A more detailed description of the test operating conditions and objectives is provided in 
Section 4.3 of this plan. 

1.6 Development of Permit Limits 

Operating limits will be developed and included in the HWMA/RCRA permit to ensure that the 
IWTU complies with the applicable environmental performance standards at all times. These operating 
parameters as well as suggested limits and a list of anticipated process operational parameters are fully 
described in Section 7 of this plan. 

1.7 System Performance Test Team Roles and Responsibilities 

Successful completion of the SPT will require strong communication and coordination between all 
participants. To ensure success, an SPT team will be established that provides overall coordination and 
oversight of the test activities. This team will be comprised of CWI Environmental, IWTU Operations, 
DEQ, DOE, Sampling Contractor, and consultant personnel. The roles and responsibilities for each of 
these entities are as follows: 

• SPT Team Lead – CWI Environmental will have overall responsibility for safe completion of the 
testing, review of the results, and submittal of the final test reports and HWMA/RCRA permit 
modification requests to the DEQ. The SPT Team Lead ensures effective communication and 
interface occurs across all disciplines. 

• IWTU Operations – The IWTU nuclear facility manager (NFM) directs actual safety and operation 
of the facility. Requested changes to the operational parameters must be discussed and approved by 
the NFM who will then direct operations personnel to make the desired changes. The NFM will be 
the primary interface between the SPT team and operating personnel. 

• IWTU Test Engineer – The IWTU Test Engineer ensures test parameters are reached and 
maintained and that required samples and data are collected in accordance with IWTU-TI-103, 
“IWTU System Performance Test.” 

• DEQ Observer – The DEQ Observer provides regulatory oversight of the test to ensure the testing 
is completed in a manner that supports the final regulatory approval of the SPT Report. Proposed 
deviations to the test conditions or upset conditions will be discussed and approved by the DEQ 
Observer prior to continued testing. 

• DOE Observer – The DOE Observer provides department oversight and consultation. 

• Test Manager – The Test Manager (CWI contractor) coordinates the field activities of the 
Sampling Contractor, provides consultation to the team, and maintains the test log including 
documenting sampling activities and issue description and resolution. The Test Manager also 
reviews sample analyses results, and prepares and submits the draft final test report to CWI SPT 
Team Lead. 
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• Technical Advisor – The Technical Advisor (CWI contractor) provides technical support and 
recommendations. 

• Sampling Contractor Lead – The Sampling Contractor Lead provides sampling oversight and 
direction to the sampling team to ensure the safe completion of sampling activities and sample 
recovery. The Sampling Contractor Lead also coordinates shipment of samples to the laboratory.  

A fundamental tenet of safe operation of a nuclear facility is to maintain Conduct of Operations 
principles, especially as they pertain to the IWTU Control Room. Permission will be required from the 
Control Room Operator (CRO) prior to entering the control room. Only business related conversations 
may be held in the control room and personnel need to recognize that even business discussions can be 
distracting. Upon completion of the required work, personnel shall immediately leave the area. 
Discussions with operating personnel shall be limited to the alternate operator on duty. No discussions 
shall be held with the primary operator at the controls. The area immediately surrounding the control 
station has been clearly identified and is marked At-the Controls. No personnel other than the operators 
on duty can enter the At-the Controls. No food or drink is allowed in the At the Controls. 

To ensure that the SPT Team is cognizant of these Conduct of Operations requirements and able to 
successfully monitor the test, a dedicated computer work station will be set up in close proximity to the 
IWTU control room. Test personnel will have access to this station throughout the test. This system will 
allow the test team to monitor the operating conditions of the process, including access to process and 
utility instrumentation. It will have a read-only interface with the Distributed Control System to allow the 
user to monitor data. 

1.8 Reference Documents 

Reference documents used in developing this plan include the following: 

• Permit No.: P-2008.0199, Permit to Construct (PTC) for Integrated Waste Treatment Unit (IWTU) 
at Idaho National Laboratory (INL), Idaho Nuclear Technology and Engineering Center (INTEC), 
Issued May 3, 2007, Modified August 31, 2009 

• Permit No.: TI-2009.0114, Idaho National Laboratory Site, Tier I Operating Permit (Facility ID 
Nos. 023-00001, 011-00022), Issued June 28, 2005, Modified October 30, 2009 

• American Society for Testing and Materials, Annual Book of ASTM Standards, latest annual edition 

• 40 CFR 60, “Standards of Performance for New Stationary Sources, Appendix A, “Test Methods 
and Procedures,” U.S. Environmental Protection Agency 

• SW-846, Test Methods for Evaluating Solid Wastes Physical/Chemical Methods, Third Edition, 
U.S. Environmental Protection Agency, 1986 and updates 

• EPA530-R-01-001, Risk Burn Guidance for Hazardous Waste Combustion Facilities, 
U.S. Environmental Protection Agency, July 2001 

• PER-111, “Partial Permit for HWMA Storage and Treatment for the Liquid Waste Management 
System at the Idaho Nuclear Technology and Engineering Center on the Idaho National 
Laboratory,” September 13, 2011. 
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Waste Characterization and Process Information Sources: 

• Barnes, C. M., Millet C. B., and Johnson, V. J., Feed Composition for the Sodium Bearing Waste 
Treatment Process, INEEL/EXT-2000-01378, Rev. 4, Idaho National Engineering and 
Environmental Laboratory, Bechtel BWXT Idaho, LLC, June 2004 

• EDF-8471, “VES-WM-187, VES-WM-188, AND VES-WM-189 Tank Characterization,” Rev. 0, 
July 30, 2008 

• SDD-227, “IWTU - Sodium Bearing Waste Steam Reforming Unit,” Rev. 3, April 9, 2009 

• SDD-230, “IWTU – Process Exhaust System,” Rev. 4, April 1, 2009. 

2. FEED STREAM DESCRIPTION 

The IWTU is designed to treat acidic liquid waste resulting from normal operations and facility 
deactivation and decommissioning activities. The process is also fed several reactants and fluidized bed 
materials. 

The mixed waste will be delivered from INTEC Tank Farm tanks and transferred to the IWTU feed 
tank. From the IWTU feed tank, the waste will be pumped into the steam reforming process. 

The mixed waste from the tank farm and the waste product produced from this waste will not be 
sampled for the SPT. The feed has been characterized in INEEL/EXT-2000-01378, Revision 4, Feed 
Composition for the Sodium Bearing Waste Treatment Process, provided in the HWMA/RCRA Part B 
Permit for the IWTU. Using this process knowledge and the process controls the composition of the waste 
product will be known and will not require further characterization. Sampling of these two streams is 
further complicated by the high radiation levels associated with the samples. Obtaining a laboratory to 
provide the analytical services, transporting the samples to the laboratory and back to the INL for disposal 
is not practicable due to the high radiation levels. In addition, analysis of the samples would not be 
accurate due to the dilution of the samples to get the radiation levels down to a point where the samples 
can be handled. 

2.1 Feed Stream Characteristics 

2.1.1 Waste Feed Streams 

The liquid mixed wastes consist of radioactive aqueous solutions with high concentrations of nitric 
acid, nitrates, alkali metals, aluminum, undissolved solids, and a wide variety of other inorganic oxides, 
referred to as “sodium-bearing waste” (SBW). This waste also contains toxic metals and trace 
concentrations of organics that are regulated under HWMA/RCRA. Detailed information concerning the 
waste material is included in the HWMA/RCRA permit. A summary of the maximum concentrations of 
major constituents in the waste streams (based on the most recent analysis) is provided in Table 2-1. 

Table 2-1. Sodium-bearing waste maximum constituent concentrations.a 

Constituent/Tank 
VES-187 
(mol/L) 

VES-188 
(mol/L) 

VES-189 
(mol/L) 

Maximum 
(mol/L) 

Hydrogen 1.66E+00 3.10E+00 2.67E+00 3.10E+00 

Aluminum 5.72E-01 7.47E-01 6.91E-01 7.47E-01 

Antimony 5.34E-06 8.64E-06 1.89E-06 8.64E-06 
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Table 2-1. (continued). 

Constituent/Tank 
VES-187 
(mol/L) 

VES-188 
(mol/L) 

VES-189 
(mol/L) 

Maximum 
(mol/L) 

Arsenic 3.79E-06 3.92E-06 3.93E-06 3.93E-06 

Barium 6.54E-05 1.06E-04 5.90E-05 1.06E-04 

Beryllium 8.58E-06 1.75E-05 1.68E-05 1.75E-05 

Boron 9.76E-03 2.10E-02 1.95E-02 2.10E-02 

Cadmium 7.84E-04 3.15E-03 3.59E-03 3.59E-03 

Calcium 4.47E-02 7.31E-02 7.15E-02 7.31E-02 

Cesium 1.10E-05 3.91E-05 2.68E-05 3.91E-05 

Chlorine 2.12E-02 1.70E-02 2.62E-02 2.62E-02 

Chromium 3.36E-03 6.10E-03 5.65E-03 6.10E-03 

Copper 2.50E-09 8.64E-04 9.54E-04 9.54E-04 

Fluorine 3.91E-03 7.65E-03 7.81E-03 7.81E-03 

Iron 2.01E-02 2.74E-02 2.68E-02 2.74E-02 

Lead 1.12E-03 1.12E-03 1.15E-03 1.15E-03 

Magnesium 2.49E-02 2.78E-02 2.21E-02 2.78E-02 

Manganese 1.42E-02 1.68E-02 1.94E-02 1.94E-02 

Mercury 1.74E-03 6.33E-03 6.33E-03 6.33E-03 

Nickel 2.14E-03 2.88E-03 2.37E-03 2.88E-03 

Nitrate 5.32E+00 7.56E+00 7.10E+00 7.56E+00 

Phosphate 8.07E-03 7.49E-04 2.35E-03 8.07E-03 

Potassium 1.68E-01 2.08E-01 2.39E-01 2.39E-01 

Selenium NMb 4.74E-06 9.79E-07 4.74E-06 

Silicon 3.44E-04 4.13E-04 4.04E-04 4.13E-04 

Silver 1.77E-06 4.40E-06 2.89E-06 4.40E-06 

Sodium 1.71E+00 1.74E+00 1.93E+00 1.93E+00 

Sulfate 4.29E-02 5.83E-02 5.85E-02 5.85E-02 

Vanadium 1.55E-05 2.75E-05 2.55E-05 2.75E-05 

Zinc 1.00E-03 1.08E-03 1.15E-03 1.15E-03 

Zirconium 2.67E-05 2.58E-03 3.59E-04 2.58E-03 

Radionuclides Ci/liter Ci/liter Ci/liter Maximum Ci/liter

Cesium (Cs) 3.04E-02 6.96E-02 5.01E-02 6.96E-02 

Strontium (Sr) 2.38E-02 5.24E-02 3.88E-02 5.24E-02 

Yttrium (Y) 2.38E-02 5.24E-02 3.88E-02 5.24E-02 
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Table 2-1. (continued). 

Constituent/Tank 
VES-187 
(mol/L) 

VES-188 
(mol/L) 

VES-189 
(mol/L) 

Maximum 
(mol/L) 

Barium (Ba) 2.87E-02 6.58E-02 4.74E-02 6.58E-02 
a. Concentration data are reported in EDF-8471 with the following exceptions: 

1. Cesium, copper, and magnesium were not measured in EDF-8471, so the results are from estimates reported in 
interoffice memo MIL-05-05 from Clark Millet to Scott Roesener, July 11, 2005. 

2. Reported nitrate concentration is based on charge balance of all measured species and not on the measured 
concentration of nitrate. 

b. NM = not measured. 
 

2.1.2 Other Feed Streams 

A variety of materials are added to the IWTU as reactants, fluidizing media, and fluidized bed 
material. These materials include air, water, steam, nitrogen, oxygen, coal, carbon/coke, alumina, and 
aluminum hydroxide.  

2.2 Feed Stream Management 

SBW from the INTEC Tank Farm is transferred to the three existing Blend and Hold Tanks in the 
NWCF and then transferred in batches to the IWTU waste feed tank (WFT). A transfer/isolation valve in 
the line between the NWCF and IWTU establishes the boundary between the two facilities. The waste 
feed pump can empty the WFT through the transfer line back to the NWCF Blend and Hold Tanks. The 
WFT is utilized on the front of the IWTU to provide retention time during the periods that waste is not 
being transferred from the NWCF. The feed pump normally recirculates the solution in the feed tank at 
30 gpm. A side stream is sent to the DMR as the waste feed. The liquid waste feed is introduced as a 
controlled spray mist into the DMR. 

The WFT is a vertical interim/day storage tank designed to store SBW feed, which is hazardous 
and radioactive (mixed). The tank is sized for 8 hours of IWTU operation at a normal processing rate of 
3.1 gpm to reduce the impact of interruption of SBW supply from the NWCF or from the Tank Farm 
Facility. It is a 2,192-gallon vessel with a working volume of 1,500 gallons. The WFT is constructed of 
304L SS (stainless steel) to eliminate the possibility of corrosion, provide protection/shielding from 
radiation, and provide a surface for decontamination, as needed. The WFT has an overall height of 
115 1/8 in. and shell thickness of 7/8 in., with an inside diameter of 84 in. It is constructed with dished 
heads. The tank has design conditions from 10 to 79°C, with a normal operating temperature of 16 to 
52°C. Maximum design pressure is 50 psig, but the tank normally operates at ambient pressure 
(12.38 psia). The WFT is overfill protected and vented through a vent separator where liquid is routed to 
the 4-pack sump and gas is routed to the 4-pack cell. Lugs on the WFT are bolted to the WFT support 
frame, which is anchored to the floor of the process cell. The WFT is provided with an external waste 
feed pump and a waste feed mixing jet. 

Superheated steam is injected at the bottom of the DMR into a sparge ring, and steam enriched 
with oxygen is injected just above the sparge ring through four fluidizing gas distributors. The sparge ring 
is fed with steam only. This maintains fluidization at the DMR wall and maintains an oxygen-free 
environment in the bottom of the DMR.  
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Granular coal is used in the DMR as a fuel/reactant and is fed by gravity to the DMR from the coal 
airlock. Alumina is fed to the DMR as startup bed material. A common air lock is utilized to isolate the 
DMR atmosphere from the solids feed system. One solids injection location is provided for all additives.  

A flow of oxygen and air is introduced into the lower, middle, and upper section of the CRR bed, 
where the oxygen converts the CRR bed and freeboard into an oxidizing environment. 

Petroleum coke and a mixture of air and oxygen are added to the CRR to maintain the desired 
temperature. Aluminum hydroxide is used in the CRR as a reactant. Alumina is fed to the CRR as startup 
bed material. A common air lock is utilized to isolate the CRR atmosphere from the solids feed system. 
One solids injection location is provided for all additives. 

3. ENGINEERING DESCRIPTION 

3.1 Facility Process Overview 

The IWTU treats mixed wastes. Mixed wastes at INTEC consist of radioactive aqueous solutions 
with high concentrations of nitric acid, nitrates, alkali metals, aluminum, undissolved solids, and a wide 
variety of other inorganic oxides. The IWTU destroys nitric acid, nitrates, and organic materials present in 
the SBW, and produces a dry, solid, particulate carbonate product. The steam reforming process has been 
proven to efficiently treat and solidify radionuclides, sodium, potassium, sulfate, chlorides, fluorides, and 
nonvolatile heavy metals into a dry solid particulate matrix. In addition, the process converts nitric acid 
and nitrates directly to nitrogen gas in the reformer. Organic material in the SBW is converted to carbon 
dioxide and water vapor in the steam reformers by a combination of steam reforming and oxidation 
reactions.  

The IWTU consists of several subsystems and components. The waste transfer and feed subsystem 
transfers mixed waste from the Tank Farm Facility into the WFT within the IWTU facility and supplies it 
to the steam reforming process equipment for treatment. The DMR reduces nitrates and nitric acid into 
nitrogen and produces a dry solid product. The process gas filter (PGF) removes entrained particulates 
from the gas stream as the gas is transferred from the DMR to the CRR. The CRR reduces nitrogen oxide 
and oxidizes hydrogen, carbon monoxide, and organics in the process gas stream. The off-gas cooler 
(OGC) cools the process gas exiting the CRR, and the off-gas filter (OGF) removes particulate out of the 
gas exiting the OGC.  

The process exhaust system receives the effluent of the OGF, and filters, monitors, and then 
exhausts process gases. The process exhaust system is composed of off-gas blowers, HEPA filters, 
granular-activated carbon beds used as a mercury adsorber, exhaust blowers, a mixing box, and a stack. 

3.1.1 Principles of Operation  

The principal process functions of the SBW Reforming Unit are: 

• Conversion of metals to stable solids  

• Treatment of hazardous metals  

• Nitrate reduction to nitrogen gas  

• Capture of radioactive constituents in a carbonate product 

• Destruction of HWMA/RCRA organics. 
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3.1.2 Conversion of Metals to Stable Solids  

The alkali metals present in the SBW will form mainly carbonates, the other inorganic constituents 
will form metal oxides and spinels with the iron in the SBW, and aluminates will form from the 
aluminum in the SBW. The carbonates are made from the reaction of carbon dioxide, from the steam 
reforming reactions in the DMR, with the alkali oxides from the SBW. The combined SBW inorganic 
minerals are largely carbonates and will have melting points in the 750 to 850°C range. Therefore, in 
order to reliably convert SBW constituents into carbonates, the DMR will be operated at no higher than 
680°C in the fluidized bed to prevent the carbonates and other salts from partially melting in the DMR.  

3.1.3 Treatment of Hazardous Metals  

The strong reducing environment in the DMR is expected to convert certain hazardous metals to 
nonhazardous valence states [for example, Cr(VI) to Cr(III)]. Mercury present in the waste feed will not 
be bound-up in the solid product, but will be volatilized and converted to elemental mercury in the 
reformers. The gases from the DMR and the CRR will be treated in mercury adsorbers using a 
sulfur-impregnated granular-activated carbon bed prior to exhausting to the atmosphere.  

3.1.4 Nitrate Reduction to Nitrogen Gas  

The steam reforming process technology reduces nitrates and nitric acid to elemental nitrogen to 
the following extent:  

• Residual nitrate content in reformed solid waste product is expected to be less than 10 parts per 
million by weight (ppmw)  

• Greater than 97% of nitrates and nitric acid in waste feed to nitrogen gas  

• Total nitrogen oxide in off-gas from the reformers is expected to be less than 1,500 ppmw.  

Several specific features and reactions have been incorporated into the steam reforming process to 
achieve the referenced results:  

• Fluidized bed material with high surface area and high heat transfer capability.  

• High-energy generation in the DMR to evaporate and superheat the water in the waste feed.  

• Strongly reducing condition that is provided by the carbonaceous and metal-based reactants in the 
DMR. Superheated steam that generates carbon monoxide and hydrogen inside the bed from the 
reaction of steam with the carbon reductant(s) ensures that all oxygen fed to maintain temperature 
is consumed, thus maintaining the reducing atmosphere.  

The incoming waste feed to the DMR is atomized into small droplets that react with the fluidized 
mineral particles and are instantly dried. The large active surface of dried nitrates readily reacts with the 
hot carbon reductant particles, carbon monoxide and hydrogen gases, and the reduced metal and metal 
oxide particles in the fluidized bed. The presence of excess carbon and metal oxides from the SBW results 
in the reduction of nitrates to only trace levels of residual nitrates in the solid reformed product and the 
reduction of nitrogen oxide. A list of several of the reaction mechanisms whereby nitrates are converted 
to nitrogen gas follows:  

2NaNO3 + C → Na2CO3 +NO + NO2  
NO2 + C → NO + CO  
NO2 + H2 → NO + H2O  
NO2 + CO → NO + CO2  
2NO + 2C → N2 + 2CO  
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2NO + 2CO → N2 + 2CO2  
2NO + 2H2 → N2 + 2H2O.  

3.1.5 Destruction of HWMA/RCRA Organics  

The steam reforming process destroys organics in the waste, including HWMA/RCRA organic 
constituents. Specifically, the process destroys HWMA/RCRA organic waste codes F001, F002, and 
F005 that are present in trace concentrations in the SBW waste stream. This destruction occurs through 
oxidation. The organics are initially volatilized and steam reformed into carbon dioxide (CO2), carbon 
monoxide (CO), hydrogen (H2), and a small quantity of light hydrocarbons (generally less than 
1,000 parts per million by volume [ppmv], with methane being the main constituent). These reduction and 
reforming reactions occur in the DMR and lower portion of the CRR. Generally, the ratio of carbon 
dioxide to carbon monoxide is 50:1 from the DMR. The light hydrocarbons and the carbon monoxide and 
hydrogen gases generated from the steam reformation of carbon and organic materials are further 
oxidized to carbon dioxide and water vapor by adding oxygen in the CRR. 

The following typical reactions occur:  

DMR:  
CxHy + xH2O → xCO + (x+y/2) H2  
CxHy + 2(x-y/4)H2 → xCH4  
CO + H2O → CO2 + H2  
 
CRR:  
CH4 + 2O2 → CO2 + 2H2O  
2CO + O2 → 2 CO2  
2H2 + O2 → 2 H2O.  
 

3.2 IWTU System Process Description 
The mixed waste feed is introduced as a controlled spray mist into the DMR. Atomization of the 

waste feed is provided by a combination flow of air and nitrogen. The feed from the waste feed tank is 
pumped into the DMR through three waste feed nozzles. To start the feed to the DMR, atomization gas to 
each nozzle is confirmed on FH-160004, 005, and 006 then FCV-SRC-131-020 is opened. Three flow 
control valves, FCV-SRC-140-017, -018, and -019 control the waste feed to the three waste feed nozzles 
at 0.75 to 1.55 gpm each, with a not-to-exceed total feed rate of 3.5 gpm. Feed pressure in each of the 
nozzles is monitored and alarmed to provide indication of a plug in the nozzle or a line break. The waste 
enters the waste feed nozzles and is atomized into the heated fluidized bed with a controlled flow of 
nitrogen and instrument air. Each waste feed line is provided with a pressure transmitter which provides 
high and low pressure alarms. If a high pressure alarm occurs, it is an indication that the associated waste 
feed nozzle may be plugging with solids. The waste feed nozzles are provided with purge nitrogen 
connections to allow the line to be pressurized with nitrogen to clear any built up solids in the nozzle, 
should this occur. If a low pressure alarm occurs, the waste feed to the DMR will be stopped by closing 
the DMR feed valves. The waste feed pump will remain in tank recirculation mode. The three nozzles can 
be purged/flushed with high pressure nitrogen, water, and/or nitric acid solution in addition to the regular 
nitrogen purge described above. The atomizing instrument air and nitrogen flow to the waste feed nozzles 
are continuously monitored. If a low-low flow alarm occurs, the corresponding waste feed isolation valve 
and corresponding atomizing gas supply valve will be closed, but nitrogen atomizing flow will be 
maintained. The DMR contains a fluidized bed of product particles. The bed particles are fluidized by 
introduction of superheated steam. In the DMR, liquids are evaporated, trace organics are broken down 
into short chain hydrocarbons, nitric acid and nitrates are partially destroyed, and the inorganic chemicals 
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in the waste feed are converted to a solid waste product. Coal is added to the bed to supply the heat 
required for the reactions and to produce a reducing atmosphere. The DMR operates at about 620 to 
660°C. The gases (steam, nitrogen, carbon dioxide, hydrogen, methane, carbon monoxide, mercury, and 
nitrogen oxide) are then passed through a sintered metal PGF and sent to the CRR. During developmental 
testing at Hazen Research Center, it was determined that high calcium content in the coke, used as an 
additive to the process, resulted in bed agglomeration and poor operations. Consequently, there was some 
concern that calcium content in the bed should also be monitored and controlled. However, by replacing 
the coke that was initially used with coal, the bed agglomeration problem from the high calcium content 
was eliminated. During the SPT and all further operation, this same type of coal will always be used. As 
such, it will not be necessary to monitor coke calcium content. 

The CRR contains inert bed material. In the lower part of the fluidized bed, any nitrogen oxide gases 
from the first reformer are further reduced, and in the upper part of the fluidized bed, residual organics, 
carbon monoxide, and hydrogen are oxidized to carbon dioxide and water vapor. The CRR is refractory 
lined and operates at about 900 to 1,000°C. Carbon and oxygen/air are added to this bed to supply the 
required heat for the reactions and to provide the required oxygen to oxidize residual organics, carbon 
monoxide, and hydrogen to carbon dioxide and water vapor. The gases (steam, nitrogen, carbon dioxide, 
oxygen, and mercury) from the process are cooled by a water spray cooler and then filtered through the 
sintered metal OGF. Once out of the OGF, the process gas travels in a duct that exits the process cell and 
enters the process exhaust system. 

The elapsed time from entry of waste to the DMR to offgas exit from the OGF is approximately 
48 seconds. Superficial gas velocity (SGV) will be measured and maximized (1.3 ft/sec) during the SPT as 
an indicator of minimum gas residence time. The SGV is the velocity of gas in the DMR at the fluidizing 
gas distributor. The SGV is calculated by the DCS using the ideal gas law to convert the measured flow at 
the flow element upstream of the superheater to the actual flow rate in the DMR. The SGV is important 
because at too low a flow, the bed would defluidize and reactions would be greatly hindered. If the flow is 
too high, then it would blow the fluidized bed material over the top of the DMR and into the PGF. The 
permit has both high (1.5 ft/sec) and low (0.3 ft/sec) alarms and waste feed cutoffs. SGV flow of 1.0 ft/sec 
is anticipated during normal operations. 

The process exhaust system receives cooled and filtered off-gas from the steam reforming unit. The 
process off-gas stream then flows through a bank of HEPA filters and a granular-activated carbon mercury 
adsorber. A continuous emissions monitor system (CEMS) is provided on the process exhaust to monitor 
for carbon monoxide and oxygen. Filtered air from the facility heating, ventilating, and air conditioning 
(HVAC) system is combined with the process exhaust in the air mixing box. A radiation monitoring system 
is provided for radiological pollutants (radioactive particulate and iodine-129). The off-gas is discharged 
through the facility exhaust stack.  

Figure 3-1 illustrates the IWTU steam reforming process. The process exhaust system is shown in 
Figure 3-2. More detailed descriptions of the IWTU components follow. 

3.2.1 Denitration Mineralization Reformer 

The DMR is constructed of Haynes 556. The DMR is a pressure vessel designed for temperatures 
between -29 and 700°C, with a normal operating temperature of 640°C. The DMR has an internal design 
pressure of 14 psig, with an operating pressure of 2 to 8 psig. The DMR has a capacity of 3,040 gallons. 
The DMR tan-tan length is 18 ft 9 in., with an upper section inner diameter (ID) of 5 ft 8 in. and seam-seam 
length of 10 ft 1 in., a transition of 1 ft 6 in., and a lower section of 4 ft 0 in. ID and seam-tan length of 7 ft 
0 in. The DMR is equipped with three cyclones constructed of Haynes 556, which are located in the upper 
elevation of the DMR. The cyclones keep the fluidized bed particles from flowing through to the SBW 
PGFs by returning the particles to the fluidized bed.  
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The bottom of the DMR is equipped with an auger/grinder, which is constructed of Inconel 625 and 
located above the sump of the DMR under the fluidized bed. The auger/grinder consists of two rotating 
paddles with small augers on each side to rotate the solid material toward the paddles. The paddles rotate 
with the motor shaft to grind the material over a mesh screen, which will allow particles up to 3/8 in. to 
flow through the screen to a collection pot. The solids produced from the grinder are transferred to the 
product receiver cooler.  

It has been determined that given the feed rates of the SPT operational conditions, the bed material 
will need to be transferred up to two times during any sampling activity. Therefore, bed transfers are 
considered a normal part of operation of the IWTU, and SPT sampling activities will continue during bed 
transfers. 
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Figure 3-1. IWTU steam reforming components simplified process flow diagram. 
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Figure 3-2. IWTU process exhaust components simplified process flow diagram. 
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3.2.2 Sodium-Bearing Waste Process Gas Filter 

The PGF is 105 in. ID with 8 in. of insulation, a dished head, and contains sintered powdered metal 
filter elements. The PGF is constructed of Haynes 556 material. It is designed with a maximum 
temperature of 680°C and a maximum pressure between 0 and 13 psig. The PGF operates between 610 
and 660°C, with a normal operating pressure from 2 to 8 psig. The PGF has a capacity of 5,716 gallons. 
The design flow rate for the PGF is 1,829 standard cubic feet per minute (scfm), with a normal flow rate 
of 1,460 scfm, and the PGF removes 99% of particles 2.0 microns or larger. The PGF includes a 
tubesheet comprised of bundles containing multiple filter elements that filter the process gas. Each bundle 
can be remotely removed and replaced if filter-changeout is needed. The inlet pressure and outlet pressure 
of the PGF are monitored, and the differential pressure across the filter is calculated. To prevent reaching 
a high differential pressure across the filter, a timer on the nitrogen system initiates a pulse of nitrogen to 
clean the filter bundles. Nitrogen is pulsed sequentially through the filter bundles and the removed filter 
cake particulates drop by gravity to the bottom cone of the filter vessel for collection. If the differential 
pressure across the filter remains elevated after pulsing with nitrogen, additional pulsing may be 
completed. When necessary, the process is shutdown and the filter bundles are removed and replaced. 

3.2.3 Carbon Reduction Reformer  

The CRR has a capacity of 6,686 gallons. The CRR is designed for temperatures between -29 and 
1,160°C, with an internal design pressure of 10 psig. The normal operating temperature is between 900 
and 1,000°C, with an internal pressure of –1.6 psig. The CRR is manufactured from SA-516-70 carbon 
steel plate, and is refractory lined. The CRR has a tan-tan length of 18 ft 4-3/4 in. (not including sump 
section), with an upper section inner diameter of 8 ft 0 in. The refractory is approximately 10 in. thick 
within the entire vessel; therefore, the upper inner diameter of the vessel is 6 ft 4 in. with the refractory. 
The upper portion of the vessel has a  seam-seam length of 9 ft 11 in., a  transition of 2 ft 3-3/4 in., and a 
lower section inside diameter of 6 ft 2 in. (4 ft 6 in. with refractory), and seam-tan length of 5 ft 10 in. 
The length from the tangent line (at 6 ft 2 in. diameter) to the bottom of the skirt support is 6 ft 3 in. The 
upper portion of the CRR and the entire crossover duct is surrounded by a stainless steel insulated shroud 
that is offset for the outer surface of the CRR.  

3.2.4 Sodium-Bearing Waste Off-Gas Cooler  

The SBW OGC has a capacity of 4,358 gallons. The SBW OGC is a vertically suspended insulated 
vessel located adjacent to the CRR. The vessel insulation covers the top head and the cylindrical shell of 
the vessel. The inlet nozzle is refractory lined. The OGC is designed for off-gas temperatures of 16 to 
1,000°C with a design pressure of –10 psig, with normal operating temperatures between 140 to 925°C 
and an operating pressure of –1.5 psig. Demineralized water enters the OGC at approximately 5.0 gpm, 
which cools the off-gas to approximately 160–200°C. The vessel is constructed of AL6XN for the upper 
shell and Hastelloy C-276 for the lower cone, with a Haynes 556 inner liner through the entire vessel. 
The OGC has an ID of 8 ft, with a liner ID of 7 ft 7 in., and tan-tan height of 10 ft, with a dished top 
head and a conical bottom. The inside of the upper shell is insulation lined and is 3 in. thick, with  
3-to-7-13/16-in.-thick insulation around the head and 7-1/2-in. refractory on the inlet gas nozzle. 
Insulation is also provided for the exterior of the vessel, which reduces the amount of heat transferred 
into the CRR cell.  
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3.2.5 Sodium-Bearing Waste Off-Gas Filter  

The OGF has a capacity of 6,869 gallons. The SBW OGF is a sintered pleated fiber metal, pulse-jet 
type filter that separates solids larger than 2 microns from the cooled CRR off-gas. The filter is operated 
continuously at approximately –2.5 psig, and 140 to 200°C, with design parameters of –5 to 7 psig and 
110 to 250°C. The vessel height is 18 ft 3-3/8 in. from the bottom seam to the face of the head flange, 
with a dished head and a cone-shaped bottom. The vessel diameter is 114 in. The OGF is constructed of 
AL6XN, and is provided with 4 in. of insulation. The OGF is designed to remove more than 99% of 
2.0 micron solids at a normal flow rate of 1,460 scfm in the off-gas stream.  

3.2.6 Sodium-Bearing Waste Off-Gas Blowers  

The SBW off-gas blowers provide the vacuum in the SBW treatment system. Both blowers will be 
sized at 100% capacity and will be normally operating one at a time with an installed spare. Each blower 
is equipped with a variable-speed motor designed to generate a static differential pressure of 
approximately –70 in. water column (w.c.) at approximately 6,000 actual cubic feet per minute (ACFM).  

3.2.7 Process HEPA Filters  

The process HEPA filter unit consists of four filter tiers, stacked vertically. The off-gas flow is split 
equally between the tiers and flows through each one while kept at a constant temperature. All off-gas 
piping and the process HEPA filters are insulated to maintain temperature in the off-gas system above 
120°C. The HEPA filter housings will be manufactured of AL6XN material or equivalent. The filter 
housings are contained behind a shielding wall.  

3.2.8 Mercury Adsorbers 

The mercury adsorber unit is comprised of two beds that remove vapor phase mercury present in 
the off-gas. The mercury beds adsorbent material is sulfur-impregnated granular-activated carbon. The 
off-gas enters the two mercury adsorbers, which are positioned vertically, and flows in series, in an 
upward direction, through each granular-activated carbon bed. The treated off-gas exits the mercury 
adsorbers and enters the process exhaust blowers. The mercury adsorbers can be bypassed if needed by 
opening the two bypass valves and closing the inlet valve. However, during operations, the mercury 
adsorbers are only bypassed in a process upset situation. During the SPT, a test of the automatic waste 
feed cutoff (AWFCO) will be initiated that will bypass the mercury adsorbers and waste feed cutoff. After 
the AWFCO test, the adsorbers will be returned to service. The adsorbers will only be bypassed during 
system upset requiring activation of the AWFCO or the AWFCO test. 

The mercury adsorbers are bypassed by the rapid shutdown system under the following conditions: 

• There will be a time delay of 300 seconds before the mercury adsorbers are bypassed to ensure that 
all the mercury in the system has passed through the mercury adsorbers prior to being bypassed. 
The following are on a time delay after a rapid shutdown system trip: 

- High-high DMR pressure 
- Low-low DMR fluidizing gas flow 
- Low-low oxygen concentration in the CRR off-gas outlet 
- High-high oxygen concentration in the CRR off-gas outlet 
- Seismic switch 



 412.09 (06/03/2009 – Rev. 11)

IWTU SYSTEM PERFORMANCE TEST PLAN 
Identifier: 
Revision*: 
Page: 

PLN-3298 
4  
25 of 257 

 

 
- Low-low INTEC-supplied compressed air pressure 
- Low-low SBW off-gas blower motors current 
- Low-low process exhaust blower motors current 
- Loss of pressure in OGC surge water tank 
- Low-low liquid level in OGC surge water tank 
- Manual shutdown switch. 

• The following are the rapid shutdown system trips that are concerned with personnel safety and 
protecting equipment and require immediate bypass of the mercury adsorbers with no time delay: 

- Low-low temperature in the CRR 

- High-high off-gas temperature after the OGC 

- High-high carbon monoxide at outlet of mercury adsorber 

- High-high temperature in outlet process HEPA filter/inlet to mercury adsorbers 

- Loss of nitrogen 

- Low-low DMR fluidizing gas pressure 

- Loss of electrical power 

- Pressure relief valves release DMR and PGF 

- High-high-high DMR pressure 

- Low-low DMR pressure 

- High-high-high CRR pressure 

- High-high alarm on the steam/N2 to the fluidizing gas superheater 

• Pressure relief valve-activated OGC outlet 

• Pressure relief valve-activated HEPA filter inlet. 

The above trips require immediate bypass of the mercury adsorbers to allow purging with nitrogen to 
prevent condensation or support fire suppression. The rest of the IWTU would be purged and cooled 
slowly to prevent thermal shock and possible failure of the equipment. 

The two bypass valves have a nitrogen purge between them to prevent off-gas from leaking past 
the valves. When the mercury adsorbers are bypassed, a nitrogen purge of the adsorbers is activated. The 
mercury adsorbers are designed and manufactured with AL6XN material or equivalent. The mercury 
adsorbers are safety significant for the confinement of mercury. 

Each mercury adsorber vessel is approximately 12 ft in diameter and 15.5 ft in height and has a 
minimum bed depth of 7.5 ft. The design flow for each of the adsorbers is 5,430 ACFM normal and 
6,788 ACFM maximum. The mercury adsorbers are designed with 48-ft-per-minute face velocity and an 
8.1-second gas residence time at normal flow conditions. At maximum design flow conditions, the face 
velocity increases to 60 ft per minute, with 6.5 seconds of residence time in each bed. 
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3.2.9 Process Exhaust Blowers  

The process exhaust blowers discharge the treated off-gas to the atmosphere through the air mixing 
box and stack while being monitored via the off-gas monitoring systems (CEMS and radiation monitoring 
system). Each blower is designed for 8,334 ACFM, with a design static differential pressure of 2.65 psi. 
The normal operating inlet volume is 5,890 ACFM, with a suction pressure of 10.60 psia and discharge to 
atmosphere via the facility stack (pressure of 12.60 psia). One blower will operate at 100% capacity at 
any one time. The installed spare can easily be placed on-line in the situation that the operating blower 
must be shut down for maintenance or in an emergency situation. The blowers operate under normal 
operating temperature of 135°C and design maximum inlet temperature of 160°C. 

3.2.10 Air Mixing Box  

The air mixing box is designed to blend the process exhaust and building ventilation exhaust 
streams, then exhausts to the stack. The air mixing box is 8 ft 8 in. × 8 ft 8 in. × 16 ft and includes a 
mixing section. The air mixing box provides the volume needed to contain the air exhausted from the 
two systems and supplies the greatest level of mixing in the shortest distance. The air mixing box is 
constructed of carbon steel and operates at atmospheric pressure and a normal operating temperature 
(combined process exhaust and building HVAC exhaust) of 63°C, with a design maximum temperature 
of 175°C. 

3.2.11 Stack  

The gas discharge from the SBW process exhausts to the atmosphere through the stack, 
STK-SRE-140. The stack is 96 in. in diameter at the base, 60 in. in diameter at the discharge point, and 
120 ft high. A gravity drain sump is provided at the base of the stack to collect condensate that may form 
in the stack. The stack and internal support elements are constructed of carbon steel. 

3.3 Process Monitoring, Control, and Operation 
The IWTU system is equipped with instrumentation to monitor and control process flows, 

temperatures, and pressures, and to transmit signals to the distributed control system (DCS). The DCS 
can control valves, motors, pumps, and fans, as well as alarms and initiate waste feed cutoff interlocks if 
process conditions deviate from established limits. 

Table 3-1 summarizes the major compliance-related process instrumentation associated with the 
IWTU system and monitored on the DCS. 

3.3.1 Process Off-gas Continuous Monitoring 

The discharge gas from the process exhaust blowers is continuously monitored with a CEMS. The 
CEMS consists of gas analyzers, gas sampling system, and monitors (temperature, pressure, and flow) 
that are integrated with a data acquisition system. The CEMS unit includes redundant monitors that 
measure carbon monoxide and oxygen. (Note that the oxygen monitor is used to correct the carbon 
monoxide value to 7% oxygen.) Additionally, the CEMS measures the exhaust gas temperature, pressure, 
and flow rate for maintaining adequate sampling conditions. Certification and performance test ports are 
located 90 degrees apart in the same plane, in the process off-gas line. 
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Table 3-1. IWTU compliance monitoring instrumentation. 

Parameter Monitoring Device Units Instrument ID Manufacturer Span Accuracy Cal. Interval 
Waste feed rate Flow meter gal/min FC-C-140-1a 

FC-C-140-2a 
FC-C-140-3a 

Yokogawa 0–3 
0–3 
0–3 

0.1% of measured value Annual 

DMR bed temperature 
(7 of 13 instruments must be 
in service to operate) 

Thermocouple °C TC-C-140-9b Yokogawa 0–800 ±0.1% of full scale Annual 

CRR bed temperature 
(3 of 6 instruments must be in 
service to operate) 

Thermocouple °C TC-C-160-4b Yokogawa 0–1,200 ±0.1% of full scale Annual 

DMR pressurec Pressure transmitter psig PIT-SRC-140-001d Yokogawa 0–15 ±0.4% of full scale Annual 
CRR pressurec Pressure transmitter In. w.c. PIT-SRC-160-023d Yokogawa -100–40 ± 0.4% of full scale Annual 
DMR hydrogen concentration Gas analyzer vol%, dry AY-C-153-1A, B, Ce Yokagowa/ 

Measurementation 
0–10% ±1.0% of full scale Annual 

CRR oxygen concentrationc Gas analyzer vol%, wet AC-C-760-001 A, B, Cf Teledyne 0–12% ±1.0% of measured value Annual 
Off-gas cooler temperaturec Thermocouple °C TIT-SRC-160-001 A/Bg Yokogawa 0–250 ±0.1% of full scale Annual 
DMR superficial gas velocity Fluidizing gas Ft/sec FY-B-365-1h Distributed Control 

System Calculation 
NA NA NA 

HEPA filter pressure 
differential 

Pressure transmitter In. w.c. See Note i Yokogawa 0–10 ±0.4% of full scale Annual 

Process off-gas carbon 
monoxide 

Gas analyzer ppmv AY-SRH-240-007A & 
7B & 7C 

ThermoScientific/ 
Centek 

0–200 ±1.0% of full scale Annual 

Process off-gas oxygen Gas analyzer vol%, dry A-H-941-2A & Bj AMETEK/Centek 0–25% ±0.75% of reading Annual 
a. Instantaneous total waste feed through each nozzle. 
b. This is an average of the values for the thermocouples that are functioning properly. If a thermocouple is malfunctioning, its value is dropped out of the average. There are 13 

thermocouples on the DMR and six on the CRR. If less than seven of the DMR thermocouples are functioning properly, an alarm is activated and a normal shutdown is performed. If 
less than four of the CRR thermocouples are functioning properly, an automatic shutdown is performed. 

c. One instrument must be in service to operate, although they can be temporarily taken out of service to calibrate or purge/clean without shutting down the process. 
d. The DMR and CRR free board pressure are measured.  
e. Three hydrogen sensors are used to calculate the DMR average hydrogen content on a dry basis. If all three fail and if at least one cannot be made functional in a specified amount of 

time, a normal shutdown will be performed. 
f. Three oxygen sensors are used to calculate the CRR average oxygen content. If all three fail and if at least one cannot be made functional in a specified amount of time, a normal 

shutdown will be performed. 
g. There are two temperatures. A is designated the primary, and B is the secondary. 
h. Sum velocity of all fluidizing gas streams. 
i. There are eight delta pressures across the process HEPA filters, PDIT-SRH-140-005A, 5B, 5C, 5D, 6A, 6B, 6C, 6D. 
j. Average of valid O2 sensors. Valid sensors are automatically selected. Operator may manually exclude a sensor from calculation. 
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During the SPT only, the process off-gas will be monitored to determine the total hydrocarbon 

concentration. The process off-gas also will be sampled or monitored for carbon dioxide and oxygen 
concentration so that the gas molecular weight can be determined for use in calculating the gas flow rate 
and the isokinetic conditions for the sampling trains. Moisture content determination is included with 
each isokinetic sampling train run. 

3.3.2 Automatic Waste Feed Cutoffs 

The IWTU includes an AWFCO system. If any one of several conditions is not met, the waste feed 
is cut off. Waste feed cutoff events are described in Table 7-2. A test of the AWFCO system will be 
included in the SPT (see Section 5.6). 

3.3.3 Startup and Shutdown Procedures 

Detailed startup and shutdown procedures are being developed and will be maintained as part of 
the system operating instructions. 

3.3.3.1 Rapidly Stopping Waste Feeds. The IWTU is controlled by a process control computer. 
Alarms and waste feed cutoff interlock set points are included, which will automatically stop waste feeds 
before any limits are reached. If any of these preprogrammed operating set points are reached, the 
computer will take automatic action to immediately stop waste feed. The same action to cease waste feed 
can be activated from the control room by operating personnel. 

3.3.3.2 Shutting Down the System. Shutdowns may occur for two reasons: 

• A loss or malfunction of systems or controllers critical to maintaining performance standards and 
operating requirements 

• A scheduled shutdown for normal maintenance or other operational purposes. 

Critical automation equipment or instrumentation failures will result in automatic stoppage of 
waste feed and partial or complete system shutdown, depending on the severity of the failure or 
malfunction. Operations personnel are able to initiate a system shutdown manually from the control room. 
Standard operating procedures are maintained, including those for normal shutdown of the system. 

3.3.3.3 Controlling Emissions During Equipment Malfunctions. Process gases are directed 
through the emissions control equipment during normal operations. If an equipment malfunction affects 
system performance, waste feed may be automatically discontinued. Because all waste feed is injected 
into the DMR, stopping the waste feed eliminates the potential for uncontrolled emissions. To the greatest 
extent possible, the emissions control equipment will continue to operate while a malfunction is corrected. 
Waste feed may be resumed once the process operating conditions have been returned within the permit 
limits. If the malfunction cannot be corrected in a reasonable time or requires the unit to be taken off line, 
the system will be shut down in an orderly fashion according to operating procedures. Waste feed will not 
resume until the malfunction has been corrected and the system has been returned to operating conditions 
within the permitted limits. 



 412.09 (06/03/2009 – Rev. 11)

IWTU SYSTEM PERFORMANCE TEST PLAN 
Identifier: 
Revision*: 
Page: 

PLN-3298 
4  
29 of  257 

 
4. TEST DESIGN AND PROTOCOL 

4.1 Regulatory Requirements 
This SPT is being conducted to demonstrate compliance with the applicable requirements of 

HWMA/RCRA regulations as they apply to miscellaneous treatment units under HWMA/RCRA 
Subpart X. 

4.2 Test Objectives and Approach 
This SPT plan has been prepared to describe the testing of the IWTU system that will be conducted 

to demonstrate compliance with the applicable environmental regulations and to gather data for use in 
validating the existing IWTU Risk Assessments. The objectives of the SPT are to gather emissions data, 
while operating at “bounding” conditions processing mixed waste. Conducting the SPT on mixed waste 
will establish operating conditions that will be included in the HWMA/RCRA permit. While 40 CFR 63, 
Subpart EEE (“National Emission Standards for Hazardous Air Pollutants from Hazardous Waste 
Combustors”) does not strictly apply, these standards are believed to be the most appropriate for a thermal 
treatment device such as the IWTU, and have, thus, been established as performance targets. More 
specifically, the objectives of the SPT are as follows: 

1. Evaluate emissions performance against the following targets: 

• Particulate emission concentration less than or equal to 0.0016 grains per dry standard cubic 
foot (gr/dscf), corrected to 7% oxygen 

• Emission concentration of dioxins and furans not exceeding 0.11 ηg/dscm, expressed as toxic 
equivalents of 2,3,7,8- tetrachloro dibenzo-p-dioxin (TCDD) toxicity equivalent (rated to 
2,3,7,8-TCDD), corrected to 7% oxygen 

• Mercury emission concentration less than or equal to 8.1 μg/dscm, corrected to 7% oxygen 

• Emission concentration of semivolatile metals (cadmium and lead, combined) less than or 
equal to 10 μg/dscm, corrected to 7% oxygen 

• Emission concentration of low volatility metals (arsenic, beryllium, and chromium, 
combined) less than or equal to 23 μg/dscm, corrected to 7% oxygen 

• Carbon monoxide emissions concentration less than or equal to 100 ppmv, dry basis, hourly 
rolling average, corrected to 7% oxygen 

• Hydrocarbon emission concentration of less than or equal to 10 ppmv, as propane, dry basis, 
hourly rolling average, corrected to 7% oxygen. 

While the IWTU is not a combustion unit, an oxygen correction of emission concentrations has 
been included because the IWTU off-gas oxygen concentration is expected to vary in a manner 
similar to some combustion processes. 

2. Establish permit operating limits: 

• Demonstrate maximum waste feed rate 

• Demonstrate maximum process gas flow rate 

• Establish appropriate operating limits for the process and off-gas treatment system 
components. 
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3. Gather information for evaluating risk: 

• Measure emissions of specific volatile and semivolatile organic emission products, plus 
tentatively identified volatile and semivolatile organics (tentatively identified compounds 
[TICs]) 

• Measure emissions of polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans 
(PCDD/PCDF). 

• Measure emissions of representative volatile, semivolatile, and nonvolatile metals. 

4. Demonstrate nitrogen oxide emissions performance for air permit compliance. 

4.2.1 Bounding Conditions 

With the multiple goals of evaluating emissions performance, establishing operating limits, and 
gathering risk evaluation data, it is important to ensure that the selected test conditions and sampling and 
analytical activities are appropriate for achieving those goals. 

The applicable regulations specifically require establishing certain operating limits as a means of 
demonstrating continuing compliance with associated emission and performance standards. As such, it is 
appropriate to conduct the SPT under “bounding” conditions for those operating parameters that are 
associated with the emission standards being used as targets. The following sections briefly describe the 
test development approach used to ensure that bounding conditions are addressed. 

4.2.1.1 Organic Destruction/Removal. Organic destruction/removal occurs primarily in the high 
temperature environment of the DMR and CRR. Operating parameters related to organic 
destruction/removal are maximum waste feed rate, minimum temperature, and minimum gas residence 
time (maximum process gas flow rate). Thus, operating under conditions of maximum total waste feed 
rate, minimum DMR and CRR temperature, and maximum process gas flow rate would be considered as 
bounding for organic destruction. 

Similar to establishing bounding conditions for organic destruction/removal, these same conditions 
are expected to be bounding for formation and potential emission of dioxins and furans and other thermal 
treatment by-products. As a miscellaneous unit, the purpose of the SPT is to demonstrate that the 
emissions from the unit do not pose an unacceptable risk to human health and the environment. While the 
mixed waste to be processed does carry the F001, F002 and F005 waste codes, the concentrations of 
organic material in the waste stream are extremely low. Spiking of the actual waste feed above the 
organic levels within the waste feed changes the nature of the waste feed and it provides waste solution 
that is not representative of the actual waste. Loading organic materials on the system may also influence 
thermal treatment by-product generation. Therefore, comparison of emissions with acceptable risk 
concentrations is a more appropriate evaluation for this unit. 

In conversations with DEQ, it has been determined that adding organics to the waste, solely for the 
purpose of demonstrating destruction and removal, is not representative of the mixed wastes to be fed to 
the system under normal operations, and therefore is not desirable for this test. Thus, the approach to 
organic destruction and emissions control is to evaluate the emissions of organics during the test and to 
compare those emissions to established risk levels. EDF-9483 describing this approach is provided in 
Appendix D. 
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4.2.1.2 Chlorine/Chloride. Potential chlorine emissions from the IWTU process have been 
reviewed and documented in RPT-354 Risk Assessment for Air Emissions from the Integrated Waste 
Treatment Unit and INTEC Liquid Waste Management System (April 2007) and in EDF-6495 Mass and 
Energy Balance for Sodium Bearing Waste Integrated Waste Treatment Unit – Modified to Support 
Emissions Permitting (February  2009). The results of the evaluation determined that if 100% of the 
chlorine in the liquid feed was emitted out the stack (no credit for the process or any emissions controls) 
that the worst case scenario led to a maximum emission rate of 1.28 lb/hr. This value was over the 
IDAPA 58.01.01 Emission Limit (EL) of 0.2 lb/hr so this was modeled (AERMOD) per State of Idaho 
Air Quality Modeling Guidance AQ-011, Rev 1. The resultant calculated ambient concentration was 
4.63 E-01 µg/m3 which is well below the acceptable ambient concentration of 150 µg/m3. Based upon the 
information contained in these reports a worst case analysis (EDF-10146, September 2011) was also 
conducted to determine what the maximum chlorine emission would be if 100% solids were processed. 
Under this scenario (again with no credit for the process or any emissions controls) it was determined that 
the ambient concentration would be 3.86 µg/m3. 

Lastly, although the IWTU is not an incinerator, the maximum expected emission rate (9% chlorine 
in the waste is emitted) was compared to the chlorine performance standard in 40 CFR 264.343 and 
determined to be below the 4 lb/hr limit for both the normal liquid processing and the worst case 
processing of 100% solids. 

4.2.1.3 Risk Evaluation Data. Data are being gathered for use in a risk evaluation that will 
examine the long-term risks posed by emissions from the facility. As discussed in Section 4.2.1.1, 
EDF-9483 has been developed to describe the risk evaluation approach, and is presented in Appendix D. 
Collecting risk evaluation emissions data during the same bounding test conditions used for emissions 
performance evaluation will yield conservative emissions data and will thus avoid the potential for 
“second guessing” later. As such, the following elements have been incorporated into the test plan. 

Mixed wastes will be used so that a typical emission profile will be present during the test. As 
discussed in Section 4.2.1.1, bounding conditions for organic destruction/removal, formation of thermal 
treatment by-products, and off-gas treatment component operations will be used during the test. These 
conditions, plus the maximum waste feed rate, during the test have been established such that potential 
emissions of organic compounds and metals are maximized. 

4.3 Test Protocol 

The proposed SPT is comprised of two test conditions, each with four replicate sampling runs. 
(Three sampling runs are required by the regulations. The fourth run has been added as a contingency.) 
During the test, the IWTU will be operated at maximum waste feed rate, maximum process gas flow rate, 
minimum DMR and CRR temperatures, and bounding conditions for the remainder of the process 
components. The two test conditions are identical, with the exception of the target DMR temperature. The 
first test condition will target a minimum DMR temperature that is expected to provide compliant 
performance with a very high degree of confidence. The second test condition will target a somewhat 
lower DMR temperature, which would provide more operating flexibility for the system, if appropriate 
performance is demonstrated in this condition. 

Table 4-1 summarizes the operational and sampling protocol for the test. 
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Table 4-1. System Performance Test protocol summary. 

Process Parameter Objective 

Total waste feed rate Maximum 

DMR and CRR pressure Normal 

DMR bed temperature Minimum in both test conditions, but the target in 
Condition 2 will be somewhat more aggressive (lower) than 
in Condition 1 

CRR bed temperature Minimum 

DMR superficial fluidizing gas velocity Maximum 

DMR off-gas hydrogen concentration Minimum 

CRR off-gas oxygen concentration Minimum 

Off-gas cooler outlet temperature Maximum 

Off-gas cooler outlet temperature Minimum 

HEPA filter inlet temperature Normal 

HEPA filter pressure differential Normal 

Mercury adsorber inlet temperature Normal 

Sample Description 

Gaseous emissions for particulate matter, 
hydrogen chloride, and chlorine 

EPA Method 26A during each run 

Gaseous emissions for speciated volatile 
organic compounds and TICs 

SW-846 Method 0031 during each run 

Gaseous emissions for speciated 
semivolatile organics and TICs 

SW-846 Method 0010 during each run 

Gaseous emissions for PCDD/PCDF SW-846 Method 0023A during each run 

Gaseous emissions for polynuclear 
aromatic hydrocarbons  

SW-846 Method 0010 during each run 

Gaseous emissions for multiple metals EPA Method 29 during each run 

Gaseous emissions for carbon monoxide 
and oxygen 

Installed CEMS during each run 

Gaseous emissions for total hydrocarbons, 
nitrogen oxides, carbon monoxide, and 
oxygen 

Temporary CEMS during each run 

 
NOTE:  The temporary CEMS carbon monoxide and oxygen sample are the reference methods used to 

perform the relative accuracy test audit for the installed CEMS. These data are collected for use 
in determining volumetric flow calculations. 



 412.09 (06/03/2009 – Rev. 11)

IWTU SYSTEM PERFORMANCE TEST PLAN 
Identifier: 
Revision*: 
Page: 

PLN-3298 
4  
33 of  257 

 
4.4 Feed Characteristics 

4.4.1 Description and Composition of Feed Streams 

The SPT will be conducted on actual mixed waste. The concentration of radionuclides in the waste 
is less than 160 mg/liter. This small mass is insignificant from a chemical perspective, therefore, it would 
not change the operating parameters or the chemical composition of the off-gas and solid treatment 
product coming from the system. 

4.4.2 Metals Content 

Metals are classified by volatility class. Three classes are defined: (1) volatile metals (mercury), 
(2) semivolatile metals (cadmium and lead), and (3) low volatility metals (arsenic, beryllium, and 
chromium). 

Feed rates during the SPT have been determined to represent upper bound conditions based on 
expected concentrations in the actual wastes. 

4.5 Operating Conditions 

Planned process operating conditions and feed rates are targeted such that the anticipated permit 
operating limits (Section 7) will be achieved. Table 4-2 presents the target process operating conditions 
for the test. 

Table 4-2. System Performance Test target operating conditions. 

Parameter Test 1 Target Test 2 Target 

Total waste feed rate (gal/min) 3.5 3.5 

DMR pressure (psig) <12 <12 

CRR pressure (in. w.c.) <0 <0 

DMR off-gas temperature (°C) 640 605 

CRR off-gas temperature (°C) 875 875 

DMR superficial gas velocity (ft/sec) 1.3 1.3 

DMR off-gas hydrogen concentration (vol%, dry) 3.0 3.0 

CRR off-gas oxygen concentration (vol%, wet) 2 2 

Off-gas cooler outlet temperature (°C) <250 <250 

HEPA filter inlet temperature (°C) <250 <250 

HEPA filter pressure differential (in. w.c.) <5 <5 

Mercury adsorber inlet temperature (°C) <180 <180 

Process off-gas carbon monoxide (ppmv, dry) <100 <100 

Process off-gas total hydrocarbons (ppmv as propane, dry) <10 <10 
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4.5.1 Preconditioning, Steady-State, and Interruptions in Sampling 

The SPT will be conducted under stable conditions at the target process parameters to the extent 
possible. The steady-state conditions will be determined during startup testing and will be bounded by 
these tests. Because the testing is designed to stress the system, variations from the targets can be 
expected, both over time during a run and from run to run at the same condition. Targets may be modified 
during testing as dictated by process conditions, within the envelope of the SPT operating limits. DOE 
and DEQ will be notified and agreement obtained prior to any changes to operating targets during the 
SPT. 

The IWTU will be operated on mixed waste, and the process parameters will be established at the 
target values (as allowed by process conditions) prior to testing in order to establish steady process 
operations. Once this has been achieved (based on process operator judgment), the system will be 
“declared” to be at steady-state, and emissions sampling will begin. A guideline for determining the 
achievement of steady-state conditions will be when temperatures and flows are being controlled to 
within ±5% of the set point for at least 30 minutes. The actual acceptable process stability value will be 
discussed and agreed to by the SPT Team (see Section 1.7) prior to conducting the SPT. 

If an AWFCO or other process problem occurs, or if an emissions sampling problem occurs, all or 
part of the sampling activities may be temporarily halted until the problem is resolved. If mixed waste 
feed is halted, all sampling will be stopped until the problem is corrected and the feed is restored. If the 
feed interruption is less than 15 minutes, sampling will resume immediately. If the interruption is between 
15 and 30 minutes, a 15-minute preconditioning period will be required prior to restarting sampling. If the 
interruption is greater than 30 minutes, then the process operators will re-establish steady-state conditions 
as described in the previous paragraph before resuming sampling activities. Any deviation from these 
procedures will be discussed with DEQ personnel on-site prior to taking action. Following resolution of 
the problem, sampling will be resumed, and the run will be completed. In some cases, an extended period 
may be required to resolve the problem, or the test interruption may have compromised the integrity or 
quality of the samples. In these cases, the on-site DEQ representative(s) will be consulted, and a decision 
may be made to abort the run. Table 4-3 presents guidelines to be used in troubleshooting and in making 
decisions to restart or abort an interrupted run. 

Table 4-3. System Performance Test troubleshooting guidance. 

Condition Resolution Guidance 

Process conditions 
cannot be 
maintained within 
the specifications 
of the test plan 

Document which parameters need to be modified. If modified conditions will be 
more conservative (for example, minimum temperature higher than originally 
planned, waste feed rate less than originally planned), these modifications should 
be acceptable. The operator must understand, however, that certain permit limits 
will be based on actual test conditions. If modified conditions will be less 
conservative than specified in the approved test plan, specific DEQ approval will 
be needed. In all cases, the on-site DEQ observers should be notified of process 
operating changes. 
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Table 4-3. (continued). 

Condition Resolution Guidance 

Run start/restart Prior to starting a run, ensure that the process has attained the desired operating 
conditions and has remained at those conditions (within reasonable bounds of 
normal process variability) as defined in the declaration of steady-state (see 
Section 4.5.1). If a run is stopped due to process deviations, allow the process to 
operate at desired conditions for at least 15 minutes before restarting the run. If the 
interruption lasted between 15 to 30 minutes, allow the process to run at the 
desired conditions for 30 minutes prior to restarting the run. If the run is 
interrupted for more than 30 minutes, re-establish steady-state as described in 
Section 4.5.1 before restarting the run. In most cases, waste feed systems should be 
operated throughout process upsets. If waste feed systems have been interrupted, 
allow these systems to operate at test conditions for at least 30 minutes or for the 
time required to achieve steady-state prior to restarting the run. 

Process conditions 
drift within or 
between runs 

A certain amount of process variability is normal, and will occur due to variability 
in the waste feeds, ambient conditions, operator experience, and process control 
tolerances. The process should be operated as closely as possible to the target test 
conditions for each run, and all runs within a given test condition should be 
conducted at similar conditions so the results of each run within a test condition 
can be compared. Normal process variability within a run or between runs is site-
specific and must be evaluated on a case-by-case basis. Process variability for 
temperatures and flows in this system are expected to be ±5% of the set point 
value. The actual acceptable process stability value will be judged by the SPT 
Team, and will be recorded as appropriate in the test log. 

Minor process 
upset 

If the process experiences short-term, minor process upsets that do not result in a 
waste feed cutoff, the sampling should continue through the event, and a notation 
should be made in the test manager’s log. If the process conditions drift beyond 
what the process operations personnel deem to be normal, and cannot be quickly 
corrected, or if conditions between runs do not meet the process operations 
personnel’s satisfaction, the testing should be halted until appropriate process 
conditions are established. An on-going run can normally be resumed after process 
conditions are corrected (see “Resumption of testing” for additional guidance). At 
the discretion of the facility operator, the run may be aborted and repeated at any 
time. 

Major process 
upset 

If the process deviates from the desired conditions to the extent that a waste feed 
cutoff occurs, all testing activities will be halted. Testing may be resumed after the 
interlock is cleared and the process is stabilized at the test conditions (see 
“Resumption of testing” for additional guidance). If two or more major process 
upsets occur within a run, consideration should be given to aborting and repeating 
the run. At the discretion of the facility operator, a run may be aborted and 
repeated at any time. 
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Table 4-3. (continued). 

Condition Resolution Guidance 

Minor sampling 
system problem 

If a minor problem occurs in an individual sampling system (for example, filter 
changeout, full impinger, power problem, temperature problem), the affected 
sampling system will be temporarily halted until the problem is corrected. All 
other sampling systems will continue as normal. The run may need to be extended 
to allow for collection of the appropriate sample volume in the affected sampling 
system. 

Major sampling 
system problem 

If a major problem occurs in an individual sampling system (for example, broken 
glassware, failure of control module), or if a problem impacts several sampling 
systems (for example, power outage) all sampling will be halted until the problem 
is diagnosed and an appropriate course of action is determined. If it appears that 
the problem can be corrected within approximately 60 minutes, all sampling will 
be suspended until the problem is corrected, and then sampling will resume. If it 
appears that more than 60 minutes will be needed to correct the problem, the entire 
sampling program may be suspended until the problem is corrected, or the 
unaffected systems may resume sampling, and the affected system will be resumed 
after the problem is corrected. It may be necessary to extend the run to allow for 
collection of the appropriate sample volume in the affected sampling system(s). 
(Note: It is not critical that all sampling is conducted concurrently as long as 
process operating conditions are consistent during the entire run.) 

Temporary halt of 
sampling 

If a temporary halt of sampling is required, the test manager will communicate to 
all parties that sampling is to be placed “on hold.” Each sampler will note the event 
and the time on the sample collection sheet, and the test manager will note the 
event and the time in the test log. Emissions sampling trains will be stopped, but 
will be kept in place unless the halt exceeds (or is expected to exceed) about 
15 minutes. If the temporary halt exceeds about 15 minutes, emissions sampling 
train probes will be removed from the duct, and the nozzle openings will be 
capped. Sampling system heating and cooling (as appropriate to each train) will be 
continued. Sample trains that have been removed from the stack will be leak-
checked before resuming sampling. Process samples will be secured at the 
sampling location until the test is resumed. 
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Table 4-3. (continued). 

Condition Resolution Guidance 

Resumption of 
testing after a 
temporary halt 

Once the condition that caused a temporary halt to sampling has been resolved, the 
test manager (in consultation with the SPT Team) may either abort the run or may 
resume it using the following guidance and site-specific considerations. In all 
cases, the decision to abort or resume will be documented in the test log. If 
sampling is resumed, each sampler will note the time of sample resumption on the 
sample collection sheets, and the test manager will note the time in the test log. 

In general, a run can be resumed if it can be completed within the same test period. 
The samples will not be held overnight and resumed the following day. 

If the process downtime during a run exceeds 3 hours, the run should be aborted 
unless sound technical justification is provided and all parties agree. 

If the reason for the sample interruption was a major process upset, or if the 
temporary halt exceeds 1 hour, the volatile organic sample resin tube set that was 
being collected at the time of the test interruption should be discarded, and the test 
resumed with a fresh tube set. Note that this does not apply to the resin in a 
semivolatile organic or PCDD/PCDF sampling train. 

Disposition of 
samples from 
aborted run 

A sample run is aborted because it is deemed in the field that the samples will not 
be suitable for their intended purpose. In general, samples from an aborted run are 
discarded, and the run is repeated in its entirety, using the original test run 
identification. There may be rare circumstances where the samples are recovered 
and archived for possible analysis. In this case, the samples from the aborted run 
are assigned their original sample identifications, and the repeat run is assigned a 
new run identification. 

Sample lost during 
recovery operations 

If, after completing a run, a sample is broken, spilled, contaminated, or otherwise 
lost, the SPT Team must decide on a corrective action to replace the sample. In this 
case, the additional fourth test run samples will be used for the replacement 
sample. For example, if a test run includes emissions sampling for organics, 
particulate, and metals, and the metals train is dropped and broken during removal 
from the sampling location, the additional run sample for the metals train will be 
used.  

If a partial loss of sample occurs, the analytical laboratory will be consulted to 
determine if a smaller sample size is sufficient. In such instances, the recovered 
portion of the sample may be submitted for analysis with DEQ observer 
concurrence. 

Sample cannot be 
collected as 
specified in the 
approved test plan 

This situation can arise due to unique features and circumstances of the process or 
logistics complications. Appropriate modifications must be discussed and agreed 
among the SPT Team on a case-by-case basis. The test manager will describe the 
situation and resolution in the test log. 
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Table 4-3. (continued). 

Condition Resolution Guidance 

Sampling train fails 
leak check at port 
change or at test 
completion 
(isokinetic 
samples), or at tube 
set completion 
(volatile organic 
samples)  

Leak checks on isokinetic sampling trains should be conducted before the run, at 
each port change, and at run completion. Allowable leakage rate for isokinetic 
sampling trains is 0.02 cfm at a vacuum equivalent to or higher than the sampling 
condition. Volatile organic sampling trains are leak-checked before and after each 
tube set. Allowable leakage rate for M0031 is 0.02 liters per minute for sampling 
rates of 1 liter per minute, and 0.01 liters per minute for sampling at lower rates. 

Leaks found before sampling will be corrected before sampling begins. 

If a volatile organic sample fails the leak check at the completion of a tube set, the 
tube set will be discarded, and an additional set will be collected during the run as 
a replacement. The run time may need to be extended to allow for collection of the 
appropriate sample volume and number of tube sets in the affected sampling 
system(s). 

If an isokinetic sampling train fails a leak check, the sampling team should isolate 
the train sections and determine where the leak occurred. In some cases, it also 
may be possible to determine when the leak problem occurred. If it can be 
determined that the leak occurred during the port change or after sampling was 
completed, the test will be considered valid, with concurrence of the DEQ 
observer. In other instances, if the leak is small (less than twice the allowable 
leakage rate) and occurred at a location inside the duct (probe nozzle assembly), 
keeping the sample may be justified, with concurrence from the DEQ observer. 
In-duct leakage can be confirmed by comparing the collected moisture content 
from the train in question to other trains from the same run or from other runs 
within the same test condition. If it is decided to keep the sample, the portion of 
the run during which the leak occurred should be corrected for the leak (see 
procedure in EPA Method 5) even though the leak appeared to have been inside 
the duct, and the isokinetic sampling rate should be confirmed with the sample 
volume correction. This procedure is conservative because it yields a smaller 
sample volume than was actually collected. Leaks larger than 0.02 cfm that are 
found to have been outside the duct will result in rejection of the sample unless 
sound technical justification is provided and all parties agree.  
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5. SAMPLING, ANALYSIS, AND MONITORING PROCEDURES 

The following paragraphs discuss the planned sampling and analyses. The sampling procedures to 
be used during the SPT are listed in Appendix A. Analytical methods are described in Appendix B. 

5.1 Sampling and Sample Recovery Locations and Procedures 

Sample collection locations, equipment, methods, and frequency are summarized in Table 5-1. The 
types of analyses planned for the SPT samples are provided in Table 5-2. Analytical methods and 
procedures to be used for each sample are summarized in Table 5-3. Sample recovery will occur in the 
unused Canister Loading Station cell (Room 114), the truck bay (Room 107), or a laboratory trailer that 
the sampling contractor may bring on site. 

5.1.1 Waste Feed 

The feed material will be mixed waste and its composition is known from previous characterization 
efforts. No additional sampling will be conducted on the mixed waste feed. 

5.1.2 Process Effluent Streams 

The only effluents from the IWTU are the solid granular product and the gaseous emissions. 
Sampling methods are presented in Appendix A and analytical methods are presented in Appendix B. As 
discussed in Section 2, the composition of the solid granular product will be known. 

5.1.3 Gaseous Emissions 

5.1.3.1 Semivolatile Organics and Polynuclear Aromatic Hydrocarbons. The gaseous 
emissions will be sampled using an SW-846 Method 0010 sampling train to measure the emissions of 
semivolatile organics and polynuclear aromatic hydrocarbons (PAHs). The extract from this train will be 
analyzed using SW-846 Method 8270 to determine the emissions of target semivolatile organic 
compounds (SVOCs), target PAHs, and semivolatile TICs. The sampling method is described in 
Appendix A. 

The target SVOC analytes for the Method 0010 samples are presented in Table 5-4. The target 
polynuclear aromatic hydrocarbon analytes are presented in Table 5-5. In addition to the SVOC target 
analytes, analyses will identify nontarget analyte peaks (TICs) based on the nearest internal standard and 
analytical instrument library. 

The sampling train preparation and analytical methods are described in Appendix B. 
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Table 5-1. Sample collection locations, equipment, and methods. 

Locationa 
Sample Name/ 

Number Access Equipment Sample Size General Procedure/Frequency Ref. Methodb 

Process 
off-gas 

M26A Fifth set of 
ports in 
horizontal 
section of 
duct 

EPA Method 26A 
particulate matter, 
hydrogen chloride 
and chlorine 
sampling train 

As recommended 
in method 
guidancec,d 

Collect integrated sample for 
particulate matter, hydrogen 
chloride, chlorine, and moisture 
during each run. Measure gas 
velocity, pressure, and 
temperature. Collect bag 
samples, or use continuous 
emission monitor (CEM) for 
molecular weight determination. 

EPA Methods 1-5 and 
26A 

Process 
off-gas 

M29 First set of 
ports 
downstream 
of process 
exhaust 
blower in 
slanted 
portion of 
duct 

EPA Method 29 
multiple metals 
sampling train 

Minimum 120 
minutesc,d 

Collect integrated sample for 
metals and moisture during each 
run. Measure gas velocity, 
pressure, and temperature. 
Collect bag samples, or use 
CEM for molecular weight 
determination. 

EPA Methods 1-4 and 
29 

Process 
off-gas 

M0023A Second set of 
ports 
downstream 
of process 
exhaust 
blower in 
slanted 
portion of 
duct 

EPA Method 
0023A sampling 
train 

Minimum 3 dry 
standard cubic 
metersc,d 
(~4-hour run) 

Collect integrated sample for 
PCDD/PCDF and moisture 
during each run. Measure gas 
velocity, pressure, and 
temperature. Collect bag 
samples, or use CEM for 
molecular weight determination. 

EPA Methods 1-4 and 
0023A 



 412.09 (06/03/2009 – Rev. 11)

IWTU SYSTEM PERFORMANCE TEST PLAN 
Identifier: 
Revision*:
Page: 

PLN-3298 
4  
41 of  257 

Table 5-1. (continued). 

Locationa 
Sample Name/ 

Number Access Equipment Sample Size General Procedure/Frequency Ref. Methodb 

Process 
off-gas 

M0010 Third set of 
ports 
downstream 
of process 
exhaust 
blowers in 
slanted 
portion of 
duct 

EPA Method 0010 
sampling train 

Minimum 3 dry 
standard cubic 
metersc,d 

(~4-hour run) 

Collect integrated sample for 
target SVOCs and SVOC TICs 
during each run of the test. 

SW-846 Method 0010 

Process 
off-gas 

M0031 First set of 
ports 
downstream 
of process 
exhaust 
blower in 
slanted 
portion of 
duct 

EPA Method 0031 
sampling train 

Minimum 120 
minutesc,d 

Collect integrated sample for 
VOCs and VOC TICs during 
each run of the test. 

SW-846 Method 0031 

Process 
off-gas 

Temporary 
CEMS 

First vertical 
port in 
horizontal 
section of 
duct 

Temporary CEMS 
total 
hydrocarbons, 
nitrogen oxide 

Continuous Continuously monitor total 
hydrocarbon and nitrogen oxide 
emissions during each run. 

40 CFR 60, 
Appendix B, 
Specification 2, 8A, 
EPA Method 25A and 
7E 

Process 
off-gas 

CEMS Second 
vertical port 
in horizontal 
section of 
duct 

Installed CEMS 
carbon monoxide, 
oxygen 

Continuous Continuously monitor carbon 
monoxide emissions and 
oxygen concentration during 
each run. 

40 CFR 60 
Appendix B, 
Specification 4B 
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Table 5-1. (continued). 

Locationa 
Sample Name/ 

Number Access Equipment Sample Size General Procedure/Frequency Ref. Methodb 
a. Relative location in the process. 
b. SW-846 = Test Methods for Evaluating Solid Waste, Third Edition, November 1986 and updates. EPA Method = Test Methods and Procedures, Appendix A, 40 CFR 60. 
c. The exact volume of gas sampled will depend on the isokinetic sampling rate. 
d. Isokinetic sampling trains include: 
• Collecting one set of bag samples (or using CEM) for oxygen and carbon dioxide analysis to determine gas molecular weight (EPA Method 3) 
• Performing gas velocity, pressure, and temperature profile measurement for each sampling location (EPA Method 2) 
• Determining the moisture content of the gas for each sampling train sample (EPA Method 4) 
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Table 5-2. Analyses planned for System Performance Test samples. 

Sample Name Analyses Rationale 

Gaseous emissions M0010 Target SVOCs, SVOC TICs, PAHs, oxygen, 
carbon dioxide, temperature, flow rate 

Gather emissions data 

Gaseous emissions 
M0023A 

PCDD/PCDFs, oxygen, carbon dioxide, 
temperature, flow rate 

Demonstrate performance and gather emissions data 

Gaseous emissions M0031 Target volatile organics and volatile organic TICs Gather emissions data 

Gaseous emissions M26A Particulate, hydrogen chloride, chlorine, 
moisture, oxygen, carbon dioxide, temperature, 
flow rate 

Demonstrate performance and gather emissions data 

Gaseous emissions M29 Multiple metals, moisture, oxygen, carbon 
dioxide, temperature, flow rate 

Demonstrate performance and gather emissions data 

Process off-gas CEMS Carbon monoxide and oxygen (using installed 
CEMS). Total hydrocarbons, nitrogen oxides, 
carbon monoxide, and oxygen (using temporary 
CEMS) 

Evaluate performance and gather emissions data 
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Table 5-3. Summary of System Performance Test analytical procedures and methods. 

Sample Name Analysis 
Samples per 

Run 
Total Field 
Samplesa Preparation Methodb Analytical Methodb 

Volatile organic 
compounds (VOCs) 
(tenax & anasorb 
tubes)  

Footnote c Footnote c Thermal desorption, trap 
(SW846-5041A) 

Gas chromatography/mass 
spectrometry (GC/MS) 
(SW846-5041A/8260B) 

Gaseous emissions 
(Method 0031) 

VOCs (Cond.) 1 8 Purge and trap GC/MS (SW846-8260B) 

SVOCs, PAHs  1 8 Solvent extraction (SW846-
3542) 

GC/MS (SW846-8270C) 

Moisture 1 8 NA Gravimetric (EPA Method 4) 

Temperature 1 8 NA Thermocouple (EPA Method 2) 

Velocity NA NA NA Pitot tube (EPA Method 2) 

Gaseous emissions 
(Method 0010) 

Oxygen, carbon 
dioxide 

Footnote d Footnote d NA Orsat or CEM (EPA Method 3) 

PCDD/PDCFs 1 8 Solvent extraction (SW846-
0023A) 

GC/MS (SW846-8290) 

Moisture 1 8 NA Gravimetric (EPA Method 4) 

Temperature 1 8 NA Thermocouple (EPA Method 2) 

Velocity NA NA NA Pitot tube (EPA Method 2) 

Gaseous emissions 
(Method 0023A) 

Oxygen, carbon 
dioxide 

Footnote d Footnote d NA Orsat or CEM (EPA Method 3) 

Particulate matter 1 8 Desiccation (EPA Method 5) Gravimetric (EPA Method 5) 

Hydrogen 
chloride/chlorine 

2 16 NA ICP (SW846-9057) 

Moisture 1 8 NA Gravimetric (EPA Method 4) 

Temperature 1 8 NA Thermocouple (EPA Method 2) 

Gaseous emissions 
(Method 26A) 

Velocity NA NA NA Pitot tube (EPA Method 2) 
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Table 5-3. (continued). 

Sample Name Analysis 
Samples per 

Run 
Total Field 
Samplesa Preparation Methodb Analytical Methodb 

Oxygen, carbon 
dioxide 

Footnote d Footnote d NA Orsat or CEM (EPA Method 3) 

Metals 1 8 Acid digestion (SW846-3015 & 
3050) 
CVAA (SW846-7470) 

ICP (SW846-6010B) 
CVAA (SW846-7470) 

Moisture 1 8 NA Gravimetric (EPA Method 4) 

Temperature 1 8 NA Thermocouple (EPA Method 2) 

Velocity NA NA NA Pitot tube (EPA Method 2) 

Gaseous emissions  
(Method 29) 

Oxygen, carbon 
dioxide 

Footnote d Footnote d NA Orsat or CEM (EPA Method 3) 

Process off-gas 
temporary CEM 

Total hydrocarbons, 
nitrogen oxides, 
carbon monoxide, 
oxygen 

Footnote e Footnote e NA Extractive analyzers, 40 CFR 60, 
Appendix B, Specification 2, 8A, 
EPA Methods 25A, 7E 

Process off-gas installed 
CEMs 

Carbon monoxide, 
oxygen 

Footnote e Footnote e NA Extractive analyzers, 40 CFR 60, 
Appendix B, Specification 4B 

a. Two test conditions will be conducted, each comprised of four runs. Sample count does not include QA/QC samples. 
b. “SW846” refers to Test Methods for Evaluating Solid Waste, Third Edition, November 1986, and updates. 

“EPA Methods” refers to “New Source Performance Standards, Test Methods and Procedures,” App. A, 40 CFR 60. 
“EPA Continuous Source Monitoring Manual,” Revision 6, January 1996. 

c. During each sampling run, four sets of sampling method for volatile organic compounds tubes (eight samples) will be collected, but only three sets (six samples) will be analyzed. The extra tube set 
provides a contingency in case of breakage or other event that could require analysis of the extra tube set. The first tube in each tube set will be analyzed separately from the last tube to assess 
breakthrough. 

d. One set of gas bag samples collected during each traverse for Orsat analysis or CEM. 
e. CEMS sampling and analysis is continuous during each run. 
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Table 5-4. Target semivolatile organic analytes. 

Semivolatile CASa Number 
Acetophenone 98-86-2 
Aniline 62-53-3 
Benzaldehyde 100-52-7 
Benzidine 92-87-5 
Benzoic acid 65-85-0 
Benzyl alcohol 100-51-6 
bis(2-Chloroethoxy) methane 111-91-1 
bis(2-Chloroethyl) ether 111-44-4 
bis(2-ethylhexyl) phthalate 117-81-7 
4-Bromophenyl-phenylether 101-55-3 
Butyl benzyl phthalate 85-68-7 
Carbazole 132-32-1 
4-Chloro-3-methylphenol 59-50-7 
4-Chloroaniline 106-47-8 
2-Chlorophenol 95-57-8 
4-Chlorophenyl-phenylether 7005-72-3 
Dibenzofuran 132-64-9 
1,2-Dichlorobenzene 95-50-1 
1,3-Dichlorobenzene 541-73-1 
1,4-Dichlorobenzene 106-46-7 
3,3'-Dichlorobenzidine 91-94-1 
2,4-Dichlorophenol 120-83-2 
Diethyl phthalate 84-66-2 
Dimethyl phthalate 131-11-3 
2,4-Dimethylphenol 105-67-9 
Di-n-butyl phthalate 84-74-2 
4,6-Dinitro-2-methylphenol 534-52-1 
1,3-Dinitrobenzene 99-65-0 
2,4-Dinitrophenol 51-28-5 
2,4-Dinitrotoluene 121-14-2 
2,6-Dinitrotoluene 606-20-2 
Di-n-octylphthalate 117-84-0 
Diphenylamine 122-39-4 
1,2-Diphenylhydrazine 122-66-7 
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Table 5-4. (continued) 

Semivolatile CASa Number 
Hexachlorobenzene 118-74-1 
Hexachlorobutadiene 87-68-3 
Hexachlorocyclopentadiene 77-47-4 
Hexachloroethane 118-74-1 
Isophorone 78-59-1 
2-Methylphenol (o-Cresol) 95-48-7 
3 & 4-Methylphenol (m- & p-Cresol) 65794-96-9 
2-Nitroaniline 88-74-4 
3-Nitroaniline 99-09-2 
4-Nitroaniline 100-01-6 
Nitrobenzene 98-95-3 
2-Nitrophenol 88-75-5 
4-Nitrophenol 100-02-7 
N-Nitrosodimethylamine 62-75-9 
N-Nitroso-di-n-propylamine 621-64-7 
N-Nitrosodiphenylamine 86-30-6 
2,2-Oxybis (1-Chloropropane) 108-60-1 
Pentachlorobenzene 608-93-5 
Pentachloronitrobenzene 82-68-8 
Pentachlorophenol 87-86-5 
Phenol 180-95-2 
Pyridine 110-86-1 
1,2,4-Trichlorobenzene 120-82-1 
2,4,5-Trichlorophenol 95-95-4 
2,4,6-Trichlorophenol 88-06-2 
1,2,4,5-Tetrachlorobenzene 95-94-3 
a. CAS = Chemical Abstract Service. 

 



 412.09 (06/03/2009 – Rev. 11)

IWTU SYSTEM PERFORMANCE TEST PLAN 
Identifier: 
Revision*: 
Page: 

PLN-3298 
4  
48 of 257 

 
Table 5-5. Target polynuclear aromatic hydrocarbon analytes. 

PAH CASa Number 
Acenaphthene 83-32-9 
Acenaphthylene 208-96-8 
Anthracene 120-12-7 
Benzo(a)anthracene 56-55-3 
Benzo(a)pyrene 50-32-8 
Benzo(b)fluoranthene 205-99-2 
Benzo(e)pyrene 192-97-8 
Benzo(ghi)perylene 191-24-2 
Benzo(k)fluoranthene 207-08-9 
Chrysene 218-01-9 
Dibenz(a,h)anthracene 53-70-3 
Fluoranthene 206-44-0 
Fluorene 86-73-7 
Indeno(1,2,3-cd)pyrene 193-39-5 
2-Methylnaphthlene 91-57-6 
Naphthalene 91-20-3 
Perylene 198-55-0 
Phenanthrene 85-01-8 
Pyrene 129-00-0 
a. CAS = Chemical Abstract Service. 

 

5.1.3.2 Volatile Organics. A sampling method for volatile organic compounds (VOCs) sampling 
train (SW-846 Method 0031) will be used during the test to determine the VOC emissions. Four sets of 
sorbent tubes will be collected during each sampling run, but only three will be analyzed. The fourth tube 
set will be an archive set in case of breakage during shipment or laboratory handling. Appendix A 
describes the sampling method for VOCs. The sampling method for VOCs tubes will be analyzed using 
SW-846 Method 8260. 

These analyses will be used to assess the emissions of VOCs for use in the risk assessment. The 
target VOCs are listed in Table 5-6. Analyses will be performed using SW-846 Method 8260. In addition 
to the target analyte list, analyses will include identifying nontarget analyte peaks, TICs, based on the 
nearest internal standard and analytical instrument library search. Analysis methods are described in 
Appendix B. 

Table 5-6. Target volatile organic analytes. 
Volatile CASa Number 

Acetone 67-64-1 
Acetonitrile  75-05-8 
Acrylonitrile 107-13-1 
Benzene 71-43-2 
Bromobenzene 108-86-1 
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Table 5-6. (continued). 

Volatile CASa Number 
Bromochloromethane 74-97-5 
Bromodichloromethane 75-27-4 
Bromoform 75-25-2 
Bromomethane 74-83-9 
2-Butanone (MEK) 78-93-3 
n-Butylbenzene 104-51-8 
sec-Butylbenzene 135-98-8 
tert-Butylbenzene 98-06-6 
Carbon disulfide 75-15-0 
Carbon tetrachloride 56-23-3 
Chlorobenzene 108-90-7 
Chlorodibromomethane  96-12-8 
Chloroethane 75-00-3 
Chloroform 67-66-3 
Chloromethane  74-87-3 
2-Chlorotoluene 95-49-8 
4-Chlorotoluene 106-43-4 
1,2-Dibromo-3-chloropropane 96-12-8 
1,2-Dibromoethane 106-93-4 
Dibromomethane 74-95-3 
1,2-Dichlorobenzene 95-50-1 
1,3-Dichlorobenzene 541-73-1 
1,4-Dichlorobenzene 106-46-7 
Dichlorodifluoromethane 75-71-8 
1,1-Dichloroethane 75-34-3 
1,2-Dichloroethane 107-06-2 
1,1-Dichloroethene 75-35-4 
cis-1,2-Dichloroethene 156-59-2 
trans-1,2-Dichloroethene 156-60-5 
1,2-Dichloropropane 78-87-5 
1,3-Dichloropropane 142-28-9 
2,2-Dichloropropane 594-20-7 
1,1-Dichloropropene 563-58-6 
cis-1,3-Dichloropropene 10061-01-5 
trans-1,3-Dichloropropene 10061-02-6 
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Table 5-6. (continued). 

Volatile CASa Number 
Ethylbenzene 100-41-4 
Hexachlorobutadiene 87-68-3 
2-Hexanone 591-78-6 
Iodomethane 74-88-4 
Isopropylbenzene 98-82-8 
p-Isopropyltoluene 99-87-6 
Methylene chloride 75-09-2 
4-Methyl-2-pentanone (MIBK) 108-10-1 
n-Propylbenzene 103-65-1 
Styrene 100-42-5 
1,1,1,2-Tetrachloroethane 630-20-6 
1,1,2,2-Tetrachloroethane  79-34-5 
Tetrachloroethene 127-18-4 
Toluene 108-88-3 
1,2,3-Trichlorobenzene 87-61-6 
1,2,4-Trichlorobenzene 120-82-1 
Trichloroethane, 1,1,1- 71-55-6 
Trichloroethane,1,1,2- 79-00-5 
Trichloroethene 79-01-6 
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 
Trichlorofluoromethane 75-69-4 
1,2,3-Trichloropropane 96-18-4 
1,2,4-Trimethylbenzene 95-63-6 
1,3,5-Trimethylbenzene 108-67-8 
Vinyl acetate 108-05-4 
Vinyl chloride 75-01-4 
m & p-Xylene 179601-23-1 
o-Xylene 95-47-6 
Xylenes (total) 1330-20-7 
a. CAS = Chemical Abstract Service. 

 
 
5.1.3.3 Dioxins and Furans. Emissions samples will be collected for PCDD/PCDF using an EPA 
Method 0023A sampling train. The sampling procedure is described in Appendix A. PCDD/PCDF is 
analyzed by high-resolution gas chromatography/mass spectrometry according to SW-846 Method 8290, 
described in Appendix B. PCDD/PCDF target analytes are shown in Table 5-7. 
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Table 5-7. Target polychlorinated dibenzo-p-dioxins and polychlorinated dibenzo furan analytes. 

Dioxin/Furan Compound CASa Number 
2,3,7,8-TCDD 1746-01-6 
Total TCDD 41903-57-5 
2,3,7,8-TCDF 51207-31-9 
Total TCDF 30402-14-3 
1,2,3,7,8-PeCDD 40321-76-4 
Total PeCDD 36088-22-9 
1,2,3,7,8-PeCDF 57117-41-6 
2,3,4,7,8-PeCDF 57117-31-4 
Total PeCDF 30402-15-4 
1,2,3,6,7,8-HxCDD 57653-85-7 
1,2,3,4,7,8-HxCDD 39227-28-6 
1,2,3,7,8,9-HxCDD 19408-74-3 
Total HxCDD 34465-46-8 
1,2,3,6,7,8-HxCDF 57117-44-9 
1,2,3,4,7,8-HxCDF 70648-26-9 
1,2,3,7,8,9-HxCDF 72918-21-9 
2,3,4,6,7,8-HxCDF 60851-34-5 
Total HxCDF 55684-94-1 
1,2,3,4,6,7,8-HpCDD 35822-39-4 
Total HpCDD 37871-00-4 
1,2,3,4,6,7,8-HpCDF 67562-39-4 
1,2,3,4,7,8,9-HpCDF 55673-89-7 
Total HpCDF 38998-75-3 
Total OCDD 3268-87-9 
Total OCDF 39001-02-0 
a. CAS = Chemical Abstract Service. 

 
5.1.3.4 Particulate, Hydrogen Chloride, and Chlorine. Emissions samples for particulate 
matter, hydrogen chloride, and chlorine will be collected according to EPA Method 26A. The sampling 
procedure is described in Appendix A. Particulate filters will be analyzed per EPA Method 5 procedures. 
Impinger solutions will be analyzed for chloride ion per SW-846 Method 9057 to determine the emissions 
of hydrogen chloride and chlorine. 

5.1.3.5 Multiple Metals. Multiple metals emissions samples will be collected using an EPA 
Method 29 sampling train according to the procedure in Appendix A. Metals will be analyzed by 
inductively coupled plasma spectroscopy using SW-846 Method 6010. Mercury will be analyzed using 
cold vapor atomic absorption spectroscopy using SW-846 Method 7470. Target metal analytes are shown 
in Table 5-8. 
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Table 5-8. Target metal analytes. 

Metal CASa Number 
Antimony 7440-36-0 
Arsenic 7440-38-2 
Barium 7440-39-3 
Beryllium 7440-41-7 
Cadmium 7440-43-9 
Chromium 7440-47-3 
Cobalt 7440-48-4 
Lead 7439-92-1 
Manganese 7439-96-5 
Mercury 7439-97-6 
Nickel 7440-02-0 
Selenium 7782-49-2 
Silver 7440-22-4 
Thallium 7440-28-0 
Zinc 7440-66-6 
a. CAS = Chemical Abstract Service. 

 
5.1.3.6 Sampling Point Access. The physical layout of the IWTU Facility dictates the use of a 
horizontal duct for process off gas sampling. Ports for isokinetic sampling trains (M0010, M26A, 
M0023A, and M29) are oriented with one port in the horizontal position and one port in the vertical 
position (see Appendix E). The sampling trains are designed to be oriented in a horizontal or near 
horizontal position in order to avoid spilling liquids contained in the impingers. To collect samples from 
the vertically oriented ports in the horizontal duct, the probe on each isokinetic sampling train will be 
attached to the remainder of the sampling train using a flexible, heated Teflon tube. This will allow the 
impingers to be oriented horizontally, while the probe is inserted vertically downward into the port. The 
Teflon tube will be treated as part of the probe and will be included in the probe recovery procedure of the 
sampling method. 

5.2 Analytical Procedures 
Appendix B describes the analytical methods to be used during the SPT. 

5.3 Monitoring Procedures 
During the SPT, the process off-gas carbon monoxide (CO) and oxygen (O2) will be continuously 

monitored by installed CEMS. A temporary CEMS also will be used to monitor the process off-gases for 
total hydrocarbon using a flame ionization detector, for nitrogen oxides (NOx) using a 
chemiluminescence detector, and for CO and O2. 

The process off-gas CO and O2 monitors will be operated during the test according to the protocols 
of Performance Specification 4B of 40 CFR 60, Appendix B. The process off-gas total hydrocarbon 
monitor will be operated during the test according to the protocols of Performance Specification 8A of 
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40 CFR 60, Appendix B and EPA Method 25A. The process off-gas NOx monitor will be operated during 
the test according to the protocols of Performance Specification 2 of 40 CFR 60, Appendix B and EPA 
Method 7E. The process off-gas monitors will be checked and calibrated daily during the SPT in 
accordance with the manufacturer’s recommendations. Results of the monitoring will be included in the 
SPT report. 

During the SPT, CO and O2 monitor tests will include relative accuracy and EPA Method 10 
(40 CFR Part 60, Appendix A) tests as required by 40 CFR Part 63, Subpart EEE, and the Appendix to 
Subpart EEE. Performance Specification 4B of Appendix B to 40 CFR Part 60 will be used. Initial setup, 
calibration, and calibration drift for the CO and O2 monitors will be conducted prior to the SPT, and the 
acceptability of the monitors will be determined during the SPT. Results of the CO and O2 monitor 
performance will be included in the SPT final report. 

Appendix A describes the monitoring procedures to be used for the SPT. 

5.4 Nitrogen Oxide Performance Test 
During the SPT, a nitrogen oxide performance test will be conducted to determine emissions from 

the IWTU using 40 CFR Part 61, Appendix A, Test Method 7E. The test will be performed as required by 
the IWTU Permit to Construct at the worst-case normal production rate. The exact date of the test has not 
been determined, but will occur within 60 days of achieving maximum production rate, but no later than 
180 days after initial startup. A notice of intent to test will be submitted to DEQ at 15 days prior to the 
scheduled test date. A test report will be submitted to DEQ within 30 days of the completion of the test. 

5.5 Visible Emissions Observation 
A visible emissions observation will be conducted and recorded during the nitrogen oxide 

performance test, as required by the Permit to Construct. 

5.6 Interlock Testing 
Following the completion of the final SPT condition, the IWTU will undergo a test of the AWFCO 

interlock system and the mercury adsorber bypass system. During this test, the CRR oxygen 
concentration will be set below the low-low limit by manually setting the input in the Distributed Control 
System. This action will trigger the associated alarm, the waste feed cutoff interlock, and the mercury 
adsorber bypass. This test will be documented in the SPT report. 

5.7 Quality Assurance and Quality Control Procedures 
Appendix C contains a QAPjP for the SPT. 

5.8 Supplemental Sampling Information 

Appendix F contains additional information related to the sampling that will be conducted during 
the SPT. This information includes: 

• A description of the special procedures to be used during the sampling associated with the vertical 
sampling ports; 

• A detailed description, of the total hydrocarbons and nitrogen oxides temporary Continuous 
Emission Monitor System (CEMS); 
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• Descriptions of the sample recovery procedures including the location of sample recovery and the 

procedures used to prevent cross contamination of samples; 

• Copies of the datasheets to be used during the SPT; and 

• Training requirements for the sampling crew and observers (training will be completed before the 
SPT begins, any observers who cannot attend the training will received minimum access training 
for IWTU and will require a full-time escort). 

6. TEST SCHEDULE 

The SPT will occur during facility startup and commissioning. Prior to the SPT, all components 
and systems will be tested to verify all equipment was installed correctly and is functioning properly. As 
part of the commissioning and testing, instrumentation will be calibrated. After all systems are tested 
individually, an integrated test will be conducted. The details of this testing are provided in PLN-3350, 
“IWTU Startup Plan.” 

6.1 Shakedown Period 
The system may be operated for up to 720 hours on hazardous waste feed, and one 720-hour 

extension may be requested. The purpose of this shakedown period is to prepare the IWTU system for the 
SPT. In addition, monitors used for regulatory compliance purposes will be tested for accuracy during this 
phase of the commissioning. DEQ will be notified in advanced of this testing so that DEQ can observe the 
tests, if desired. This 720 hour time period begins when hazardous feed is introduced to the IWTU 
system. 

Feed rate and operating restrictions during the shakedown period are shown in Table 7-1. 

6.2 Pretest Activities 
All process equipment used for compliance monitoring is shown in Table 3-1 of this SPT plan. 

Each of these instruments will be calibrated prior to the SPT. The oxygen and carbon monoxide CEMS 
will undergo calibration and relative accuracy testing prior to the SPT. Section 5.3 of this SPT plan 
provides specific information regarding the conduct of calibrations and relative accuracy testing for the 
O2 and CO CEMS. Section 8.2 of the QAPjP (Appendix C to this SPT plan) discusses calibration of 
process instruments and calibration and relative accuracy testing of the O2 and CO CEMS prior to the 
SPT. 

With regard to other aspects of preparing for the SPT, the IWTU will undergo cold commissioning 
prior to the SPT, which will ensure operational readiness, including the ability to operate at SPT 
conditions. The planned commissioning activities are described in PLN-2020, “IWTU Commissioning, 
Transition and Readiness Plan,” which was previously provided to DEQ. During the commissioning 
process CH2M-WG Idaho, LLC management and DOE management will do assessments to verify the 
facility is ready to conduct the SPT. These assessments will verify that the Safety Analysis is 
implemented, the HWMA/RCRA permit is implemented, and operational procedures are in place. 

6.3 Planned Test Date 
The SPT is expected to occur in May 2012. 
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6.4 Duration of Each Test 

The SPT will consist of four replicate sampling runs at each of two test conditions. The IWTU will 
be operated on mixed waste, and process parameters will be established at the target values (as allowed by 
process conditions) for sufficient time prior to testing in order to establish steady process operations, as 
described in Section 4.5.1. Once this has been achieved, testing activities will begin. Each test run is 
anticipated to have a duration of 4 to 6 hours, including port changes, plus approximately 2 hours for 
sample recovery. Given the time required for sampling activities, it is planned that one run will be 
conducted per day. Assuming no interruptions to the testing activities, the SPT is expected to require 
approximately 32 to 48 hours of actual test time. An overall schedule of test days is shown in Table 6-1. 

Table 6-1. Overall System Performance Test schedule. 
Day Activity 

Day 1 Performance test contractor set-up. Pretest meeting. 
Day 2 Test Condition 1, Sampling Run 1. 
Day 3 Test Condition 1, Sampling Run 2. 
Day 4 Test Condition 1, Sampling Run 3. 
Day 5 Test Condition 1, Sampling Run 4. 
Day 6 Test Condition 2, Sampling Run 1. Packaging and shipping of samples from Test Condition 1. 
Day 7 Test Condition 2, Sampling Run 2. 
Day 8 Test Condition 2, Sampling Run 3. 
Day 9 Test Condition 2, Sampling Run 4. 
Day 10 Packaging and shipping of samples from Test Condition 2. 
Day 11 De-mobilization, contingency. 

 
 

6.5 Detailed Schedule of Planned Test Activities 

A planned schedule for a typical test run is presented in Table 6-2. A pre-test briefing will be 
conducted prior to each test run for the specifics of the next sampling run, lessons learned and validation 
of calculations from the previous run, and other items as necessary. 

Table 6-2. Anticipated run schedule.a 
Hour Activity 

00:00 System is operating on mixed waste at the target operating conditions. Testing crew begins 
setting up for testing. 

02:00 Testing crew has all sampling trains in place and ready to begin testing. 
03:00 Preliminary velocity traverses have been conducted and nozzle sizes selected. 

Testing crew has completed test preparations and leak checks. 
Ready to start first traverse with Method 0023A and Method 0010 sampling trains. 
Ready to start first traverse with Method 26A and Method 29 sampling trains. 
Method 0031 sampling apparatus setup and ready to begin sampling. 
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Table 6-2. (continued). 

Hour Activity 
03:00 Start first sampling traverse of Method 0023A, Method 0010, Method 26A, and Method 29 

sampling trains. 
Start first Method 0031 tube set. 

03:40 Complete first Method 0031 tube set. 
03:50 Start second Method 0031 tube set. 
04:00 Complete first traverse of Method 26A and Method 29 sampling trains and start second 

traverse of Method 26A and Method 29 sampling trains. 
04:00 to 
04:30 

Conduct post-traverse leak checks of Method 26A and Method 29 sampling trains. 
Switch sampling port locations of Method 26A and Method 29 sampling trains. 
Conduct post-port change leak checks of Method 26A and Method 29 sampling trains. 

04:30 Start second traverse of Method 26A and Method 29 sampling trains. 
04:30 Complete second Method 0031 tube set. 
04:30 Complete first traverse of Method 0023A and Method 0010 sampling trains. 
04:30 to 
05:00 

Conduct post-traverse leak checks of Method 0023A and Method 0010 sampling trains. 
Switch sampling port locations of Method 0023A and Method 0010 sampling trains. 
Conduct post-port change leak checks of Method 0023A and Method 0010 sampling 
trains. 

04:40 Start third Method 0031 tube set. 
05:00 Complete first sampling traverse for Method 0023A and Method 0010 sampling trains and 

start second sampling traverse for Method 0023A and Method 0010 sampling trains. 
Complete second traverse for Method 26A and Method 29 sampling trains. 

05:20 Complete third Method 0031 tube set. 
05:30 Start fourth Method 0031 tube set. 
05:30 Complete second traverse of Method 26A and Method 29 sampling trains. 
05:30 to 
05:40 

Conduct post-traverse leak check of Method 26A and Method 29 sampling trains. 
Prepare trains for removal from duct. 

06:10 Complete fourth Method 0031 tube set. 
06:30 Complete second traverse of Method 0023A and Method 0010 sampling trains. 
06:30 to 
06:50 

Conduct post-traverse leak checks of Method 0023A and Method 0010 sampling trains. 
Prepare trains for removal from duct. 

06:50 to 
07:00 

Remove all isokinetic sampling trains from duct. 
Remove Method 0031 sorbent tubes from duct. 

7:00 to 9:30 Recover samples, sample cleanup, sample recovery, and/or prepare for next run.                    
a. Schedule repeated each sampling run. Time for setup and preliminary velocity traverses may be shortened following the first 

run. Sample recovery estimated to require 2 to 3 hours. Bed transfers will be required during a run and will be noted in the 
test log. 
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7. OPERATING LIMIT OBJECTIVES 

Based on the data collected from all test runs of the SPT the operating limits for the IWTU will be 
proposed consistent with the provisions of HWMA/RCRA Subpart X. Parameters will be established 
from the operating conditions demonstrated during the test, operating requirements, manufacturer’s 
recommendations, or good operating practice. If the required performance objectives of the test are 
achieved, it will be proposed that the IWTU be allowed to operate under the conditions described in this 
section. 

Table 7-1 summarizes the anticipated operating limits. These operating limits also are proposed for 
the SPT period and for the shakedown period as described in Section 6 of this SPT plan. 

In order to achieve the desired conditions and demonstrate operations at the limits shown in 
Table 7-1, the interlock setpoints for certain operating parameters must be set somewhat wider during 
testing periods. The recommended interlock setpoints during testing periods are presented in Table 7-2. 

The following sections discuss each operating parameter. 

Table 7-1. Proposed IWTU operating parameter limits. 
Control Parameters Limit Comments 

GROUP 1 PARAMETERSa   

Maximum total waste feed rate (gal/min) 3.5 Hourly rolling average AWFCO 

Minimum DMR off-gas temperature (°C) 605 Hourly rolling average AWFCO 

Minimum DMR off-gas hydrogen concentration (vol%, dry) 1.0 10-minute rolling average AWFCO 

Minimum CRR off-gas temperature (°C) 875 Hourly rolling average AWFCO 

Minimum CRR off-gas oxygen concentration (vol%, wet) 2 10-minute rolling average AWFCO 

Maximum off-gas cooler outlet temperature (°C)  220 Hourly rolling average AWFCO 

Maximum DMR superficial gas velocity (surrogate for 
residence time) (ft/sec) 

1.3 Hourly rolling average AWFCO 

GROUP 2 PARAMETERSb   

Maximum off-gas exhaust carbon monoxide (ppmv, dry) 100 Hourly rolling average AWFCO 

Maximum DMR pressure (psig) 12 Instantaneous AWFCO 

Maximum CRR pressure (in. w.c.) 0 Instantaneous AWFCO 

GROUP 3 PARAMETERSc   

Maximum DMR off-gas temperature (oC) 700 Hourly rolling average AWFCO 

Maximum DMR off-gas hydrogen concentration (vol%, dry) 15 10-minute rolling average AWFCO 

Minimum DMR superficial gas velocity (ft/sec) 0.3 Hourly rolling average AWFCO 

Maximum CRR off-gas temperature (oC) 1,150 Hourly rolling average AWFCO 

Minimum off-gas cooler outlet temperature (°C) 120 Hourly rolling average AWFCO 

Minimum HEPA filter inlet temperature (°C) 120 Hourly rolling average AWFCO 

Maximum HEPA filter pressure differential (in. w.c.) 5 Hourly rolling average 

Maximum mercury adsorber inlet temperature (°C) 180 Hourly rolling average AWFCO 
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Table 7-1. (continued). 

 

Control Parameters Limit Comments 

Minimum mercury adsorber inlet temperature (°C) 120 Hourly rolling average AWFCO 

Maximum mercury adsorber bed age NA Determined by periodic breakthrough 
testing 

Mercury adsorber activated carbon specifications NA MERSORB® HT-3 or equal 
a. Group 1 parameters are continuously monitored and recorded, and are interlocked with the AWFCO system. The values for the Group 1 

parameters will be based on the SPT operating conditions 
b. Group 2 parameters are continuously monitored and recorded, and are interlocked with the AWFCO system. The values for the Group 2 

parameters are based on regulatory targets and SPT operating conditions. 
c. Group 3 parameters  are limits that are anticipated to be included in the permit and will be continuously monitored and recorded, and will be 

tied to the AWFCO interlock system, as indicated in the table. The values for the Group 3 parameters are based on manufacturer’s 
specifications and/or operational and safety considerations rather than SPT operating conditions. 

 
 
Table 7-2. Automatic waste feed cutoff setpoints. 

Control Parameters Limit Comments 
GROUP 1 PARAMETERS   
Maximum total waste feed rate (gal/min) 3.8 Hourly rolling average AWFCO 
Minimum DMR off-gas temperature (°C) 580 Hourly rolling average AWFCO 
Minimum DMR off-gas hydrogen concentration (vol%, dry) 1.0 10-minute rolling average AWFCO 
Minimum CRR off-gas temperature (°C) 850 Hourly rolling average AWFCO 
Minimum CRR off-gas oxygen concentration (vol%, wet) 1 10-minute rolling average AWFCO 
Maximum off-gas cooler outlet temperature (°C)  <250 Hourly rolling average AWFCO 
Maximum DMR superficial gas velocity (surrogate for 
residence time) (ft/sec) 

1.5 Hourly rolling average AWFCO 

GROUP 2 PARAMETERS   
Maximum off-gas exhaust carbon monoxide (ppmv, dry)a 100 Hourly rolling average AWFCO 
Maximum DMR pressure (psig) 12 Instantaneous AWFCO 
Maximum CRR pressure (in. w. c.) 0 Instantaneous AWFCO 
GROUP 3 PARAMETERS   
Maximum DMR off-gas temperature (oC) 700 Hourly rolling average AWFCO 
Maximum DMR off-gas hydrogen concentration (vol%, dry) 15 10-minute rolling average AWFCO 
Minimum DMR superficial gas velocity (ft/sec) 0.3 Hourly rolling average AWFCO 
Maximum CRR off-gas temperature (oC) 1,150 Hourly rolling average AWFCO 
Minimum off-gas cooler outlet temperature (°C) 120 Hourly rolling average AWFCO 
Minimum HEPA filter inlet temperature (°C) 120 Hourly rolling average AWFCO 
Maximum mercury adsorber inlet temperature (°C) 180 Hourly rolling average AWFCO 
Minimum mercury adsorber inlet temperature (°C) 120 Hourly rolling average AWFCO 
a. Corrected to 7% oxygen, dry. AWFCO interlock will not be active during the daily CEMS calibration period.  

 
 



 412.09 (06/03/2009 – Rev. 11)

IWTU SYSTEM PERFORMANCE TEST PLAN 
Identifier: 
Revision*: 
Page: 

PLN-3298 
4  
59 of 257 

 

 

7.1 Development of Permit Limits 

Permit limits for each control parameter will be established to comply with the requirements of the 
applicable environmental regulations. The following sections describe how each control parameter limit 
will be established. 

7.1.1 Parameters Demonstrated During the Test 

Group 1 parameter limits are based on the results of the SPT. The following paragraphs describe 
the limits proposed as Group 1 parameters for the IWTU. 

7.1.1.1 Maximum Total Waste Feed Rate (Group 1). The SPT will be conducted in order to 
demonstrate the maximum total waste feed rate to the IWTU. The maximum allowable total waste feed 
rate will be established from the overall average of the total waste feed rate demonstrated during each test 
run of either Condition 1 or Condition 2, depending on the suitability of the test results. The waste feed 
rate limit will be complied with on an hourly rolling average basis, and will be tied to the AWFCO 
system. 

7.1.1.2 Minimum Off-Gas Temperature at DMR and CRR (Group 1). The SPT will be 
conducted at the minimum DMR and CRR off-gas temperature, with maximized process gas flow 
(minimum residence time) because these conditions are least favorable for organic treatment. Organic 
emissions also are being measured for risk evaluation purposes because it is expected to represent 
bounding conditions for organic emissions. DMR and CRR gas temperatures will be monitored 
continuously. Based on a successful SPT, the minimum temperature limit at the DMR and CRR exit will 
be based on the average of the temperature values demonstrated in each run of the SPT. The limit will be 
based on an hourly rolling average and will be tied to the AWFCO system. 

7.1.1.3 Minimum DMR Off-Gas Hydrogen Concentration and Minimum CRR Off-Gas 
Oxygen Concentration (Group 1). The SPT will be conducted to demonstrate the minimum DMR 
off-gas hydrogen concentration and the minimum CRR off-gas oxygen concentration. Based on 
successful performance demonstration, the minimum DMR off-gas hydrogen concentration and the 
minimum CRR off-gas oxygen concentration limits will be based on the average values demonstrated 
during each run of the SPT. Compliance with these limits will be on a 10-minute rolling average basis and 
will be tied to the AWFCO system. 

7.1.1.4 Maximum Off-Gas Cooler Temperature (Group 1). The SPT will be conducted to 
demonstrate the maximum OGC temperature. Based on successful demonstration of PCDD/PCDF 
emissions control during the SPT, the maximum OGC temperature limit will be based on the average 
temperature values demonstrated during each run of the SPT. The limit will be established as an hourly 
rolling average and will be tied to the AWFCO system. 

7.1.1.5 Maximum DMR Superficial Gas Velocity (Group 1). The DMR superficial gas 
velocity will be maximized as an indicator of minimum gas residence time. The maximum DMR 
superficial gas velocity will be established from the mean of the maximum hourly rolling average 
velocities demonstrated during each run of the SPT. The limit will be based on an hourly rolling average 
and will be tied to the AWFCO system. 
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7.1.2 Parameters Established by Other Means 

Group 2 and Group 3 parameters are determined from information other than the test results. These 
parameters and how the limits are to be established are described in the following sections. 

7.1.2.1 Maximum Process Off-gas Carbon Monoxide Concentration (Group 2). The 
maximum hourly rolling average process off-gas carbon monoxide concentration will be maintained at or 
below 100 ppmv (dry basis, corrected to 7% oxygen) during the SPT. A permit limit is expected 
specifying a maximum allowable process off-gas carbon monoxide concentration of 100 ppmv hourly 
rolling average, dry basis, based on the regulatory target. 

7.1.2.2 Maximum DMR and CRR Pressure (Group 2). A maximum DMR pressure of 12 psig, 
and a maximum CRR pressure of 0.0 in. w.c. will be established to prevent fugitive emissions. DMR and 
CRR pressures will be monitored continuously, and the waste feeds will be instantaneously cut off if 
either the DMR or CRR pressure exceeds the limit. 

7.1.2.3 Maximum DMR and CRR Off-Gas Temperature (Group 3). The temperature of the 
gases exiting the DMR and the CRR will be maintained below a predetermined limit to ensure 
performance. These limits are based on good operating practice. During the SPT, the DMR and CRR 
temperature will be operated at minimum temperature conditions, representing worst-case conditions for 
organic treatment. Maximum DMR and CRR off-gas temperature limits will be established as an hourly 
rolling average based on good operating practice. 

7.1.2.4 Maximum DMR Off-Gas Hydrogen Concentration (Group 3). The DMR off-gas 
hydrogen concentration is maintained below a preset maximum to ensure proper operation of the IWTU. 
The permit is expected to contain limits on the maximum DMR off-gas hydrogen concentration at this 
preset value. Compliance will be on a 10-minute rolling average basis. 

7.1.2.5 Minimum DMR Superficial Gas Velocity (Group 3). A minimum DMR superficial gas 
velocity will be established based on manufacturer’s recommendations for proper operation. This limit 
will be complied with on an hourly rolling average basis. 

7.1.2.6 Minimum Off-Gas Cooler Outlet Temperature (Group 3). A minimum OGC 
temperature will be established based on manufacturer’s recommendations for proper operation. This 
limit will be complied with on an hourly rolling average basis. 

7.1.2.7 Minimum HEPA Filter Inlet Temperature (Group 3). A minimum HEPA filter inlet 
temperature will be established based on manufacturer’s recommendations for proper operation. This 
limit will be complied with on an hourly rolling average basis. 

7.1.2.8 Maximum HEPA Filter Differential Pressure (Group 3). The HEPA filter system is a 
passive unit without specific operational controls. The HEPA filter system will be monitored for pressure 
differential in accordance with manufacturer’s recommendations. A maximum pressure differential limit 
of 5 in. w.c. has been established based on manufacturer’s recommendations and will be complied with 
on a 60-second rolling average basis. 
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7.1.2.9 Minimum and Maximum Mercury Adsorber Inlet Temperature (Group 3). A 
minimum and maximum temperature limit in the mercury adsorber carbon inlet will be established as an 
hourly rolling average, based on the equipment manufacturer’s specifications and good operating 
practice. 

7.1.2.10 Maximum Mercury Adsorber Bed Age (Group 3). Mercury adsorber bed age is 
discussed in the Hazardous Waste Combustor Maximum Achievable Control Technology regulations as 
an operating parameter limit; however, establishing a specific maximum age is not practical in this unit. 
Periodic sampling of the carbon beds (as described in the Waste Analysis Plan [Attachment 2, 
Section C-2 of the HWMA/RCRA Permit]) will be conducted to determine breakthrough and changeout 
of the carbon beds. 

7.1.2.11 Mercury Adsorber Bed Specifications (Group 3). In order to maintain the 
effectiveness of the mercury adsorber carbon bed, it will be monitored in accordance with the 
manufacturer’s recommendations, and will be changed out as required. The replacement carbon will be of 
the same type and manufacturer as used during the SPT, unless it can be shown that the replacement 
carbon meets or exceeds critical specifications of the carbon used during the SPT. 

7.2 Post-SPT Operations 

The interim period between completion of the SPT and receipt of final approval from DEQ for full 
operation authority could be several months. During this time, the IWTU intends to continue to operate 
full-time per the requirements of 40 CFR 264, “Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities,” and 270, “EPA Administered Permit Programs: The 
Hazardous Waste Permit Program.” During this period, the IWTU expects to operate within the operating 
envelope defined and demonstrated by the SPT. The proposed operating parameters are as follows: 

• Feed rate: 3 gallons per minute 

• DMR bed temperature: 640°C (±20°C) 

• CRR bed temperature: 950°C (±50°C) 

• CRR off-gas oxygen: 2% (±0.5%) wet basis 

• OGC temperature: 180°C 

• DMR superficial gas velocity: 1.0 ft/sec 

• Process off-gas carbon monoxide: <100 ppmv, dry basis, corrected to 7% oxygen 

• DMR off-gas hydrogen: 2% (±0.5%) dry basis. 

8. TEST REPORT 

The complete SPT report will be submitted within 90 days after completion of the test. The final 
report will be a system test report that contains a discussion of the test objectives; sampling, analysis, and 
QA/QC activities performed; summaries of process operating conditions; results of the test 
determinations; and proposed permit conditions. The planned outline of the report is shown in Figure 8-1. 

http://cyberregs.citation.com/cgi-exe/cpage.dll?pg=x&rp=/indx/CFR/40CFR/CFR_40_264.htm&sid=2007100809453773534&aph=1&Hi=2&qy=office+space&hlc=00FF00&srchm=1&cid=lockheed&ref=/nonindx/CFR/40CFR/RCRA/mtoc.htm&uid=bechgen&clrA=0064C4&clrV=0064C4&clrX=0064C4�
http://cyberregs.citation.com/cgi-exe/cpage.dll?pg=x&rp=/indx/CFR/40CFR/CFR_40_264.htm&sid=2007100809453773534&aph=1&Hi=2&qy=office+space&hlc=00FF00&srchm=1&cid=lockheed&ref=/nonindx/CFR/40CFR/RCRA/mtoc.htm&uid=bechgen&clrA=0064C4&clrV=0064C4&clrX=0064C4�
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1.0 EXECUTIVE SUMMARY 
2.0 SYSTEM PERFORMANCE TEST SUMMARY 

2.1 Engineering Description 
2.1.1 General Description 
2.1.2 Waste Feed Systems 
2.1.3 Solid Product Handling System 
2.1.4 Off-Gas Treatment System 
2.1.5 Process Continuous Monitoring System 
2.1.6 Continuous Emissions Monitoring 
2.1.7 Automatic Waste Feed Cutoff System 

2.2 Summary of Test Plan and Objectives 
2.3 Test Implementation Summary 

2.3.1 Deviations from the Test Plan 
3.0 PROCESS OPERATIONS 

3.1 Process Operating Conditions 
3.2 Feed Material Characteristics 
3.3 Effluent Characteristics 

4.0 COMPLIANCE RESULTS 
4.1 Organic Emissions 
4.2 Particulate Emissions 
4.3 Hydrogen Chloride and Chlorine Emissions 
4.4 Metals Emissions 
4.5 Process Off-gas Carbon Monoxide and Total Hydrocarbons 
4.6 Process Off-gas Nitrogen Oxides 
4.7 Dioxin and Furan Emissions 
4.8 CEMS Performance Evaluation Results 

5.0 QUALITY ASSURANCE/QUALITY CONTROL RESULTS 
5.1 QA/QC Activities and Implementation 

5.1.1 QA Surveillance 
5.1.2 Sample Collection 
5.1.3 Sample Analysis 
5.1.4 Process Instrumentation 
5.1.5 Emissions Sampling Equipment 
5.1.6 Laboratory Analytical Instrumentation 

5.2 Audits and Data Validation 
5.3 Calculations 
5.4 Conclusions 

6.0 RISK EVALUATION 
7.0 PROPOSED PERMIT OPERATION CONDITIONS 

7.1 Development of Operation Limits 
7.2 Specific Control Parameters 

APPENDICES 
A. Process Operating Data 
B. Test Manager’s Log 
C. Process Instrument Calibration Data 
D. Continuous Emissions Monitoring Data 
E. Sampling Report 
F. List of Samples 
G. Analytical Report 
H. Calculations 
I. Documentation to Support Metals Extrapolation 
J. Data Validation Report 
K. Corrective Action Requests 
L. CEMS Performance Evaluation Report 

 

Figure 8-1. Example System Performance Test report outline. 
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8.1 Emissions Determinations 

8.1.1 Particulate Matter Emission Concentration 

The particulate matter emission concentration will be determined in terms of grains of filterable 
particulate matter per dscf of gas, corrected to 7% oxygen. 

8.1.2 Metal Emission Concentration 

The mass emission rate and the emission concentration of each target metal will be determined. In 
addition, the emission concentration of mercury, semivolatile metals (total combined cadmium and lead), 
and low volatility metals (total combined arsenic, beryllium, and chromium) will be determined in terms 
of μg of metal per dscm of gas, corrected to 7% oxygen. 

8.1.3 System Removal Efficiency for Specific Metal Groups 

In addition to determining the metal emission concentrations, the IWTU operator may wish to 
utilize the measured SRE for each metal volatility group in the risk assessment or for other purposes. The 
SRE of mercury, semivolatile metals (lead and cadmium combined), and low volatility metals (arsenic, 
beryllium, and chromium combined) can be determined using the following formula: 

1001 ×⎥
⎦

⎤
⎢
⎣

⎡
−=

in

out

M
MSRE

 

Where 

SRE = system removal efficiency (%) 

Min = mass feed rate of metal (or metal group) 

Mout = mass emission rate of metal (or metal group). 

8.1.4 Hydrogen Chloride and Chlorine Emission Concentration 

The total combined emission concentration of hydrogen chloride and chlorine will be determined in 
terms of parts per million by volume (ppmv), dry basis, chloride equivalents, corrected to 7% oxygen. 

8.1.5 Polychlorinated Dibenzo-p-Dioxin and Polychlorinated Dibenzofuran Emission 
Concentration 

The emission concentration of PCDD/PCDF will be determined in terms of ηg of 2,3,7,8-TCDD 
toxicity equivalents per dscm of gas, corrected to 7% oxygen. 

8.1.6 Carbon Monoxide Emission Concentration 

The concentration of carbon monoxide will be continuously monitored and reported in terms of 
ppmv, dry basis, corrected to 7% oxygen. 
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8.1.7 Total Hydrocarbon Emission Concentration 

During each test run, the total hydrocarbon emission concentration will be determined in terms of 
ppmv, dry basis, as propane, corrected to 7% oxygen. 

8.1.8 Nitrogen Oxide Emission Concentration 

During each test run, the nitrogen oxide emission concentration will be determined in terms of 
ppmv, dry basis, corrected to 7% oxygen, and in terms of mass per unit time. 

8.2 Other Emission Determinations 

Table 8-1 shows the emission determinations to be made in addition to the regulatory compliance 
emission determinations. 

Table 8-1. Additional emission determinations. 
Parameter Units 

Off-gas flow rate dscf/min, dscm/min 
Off-gas velocity ft/s, m/s 
Off-gas temperature °F, °C 
Off-gas moisture content vol% 
Off-gas oxygen concentration vol%, dry 
Off-gas carbon dioxide concentration vol%, dry 
Off-gas dry molecular weight lb/lb-mol 
Particulate matter emission rate lb/h, g/s 
Hydrogen chloride emission rate lb/h, g/s 
Chlorine emission rate lb/h, g/s 
Metals emission rates lb/h, g/s 
PCDD/PCDF emission rate (each 2,3,7,8-substituted congener, and total 
toxicity equivalent) 

lb/h, g/s 

Speciated VOC emission rate (each target analyte plus each TIC) lb/h, g/s 
Speciated SVOC emission rate (each target analyte plus each TIC) lb/h, g/s 
PAH emission rate (each target analyte) lb/h, g/s 

 
 

8.3 Process Data 

Table 8-2 shows the process data points that will be continuously monitored and recorded. 
One-minute values for each parameter listed will be presented in an appendix to the report, while the 
average, minimum, and maximum values recorded during each run will be summarized in the body of the 
report. 
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Table 8-2. Process data points to be monitored. 

Process Parameter Units 

Total waste feed rate  gal/min 

DMR pressure psig 

CRR pressure in. w.c. 

DMR off-gas temperature oC 

DMR superficial gas velocity ft/sec 

CRR off-gas temperature oC 

DMR off-gas hydrogen concentration vol%, dry 

CRR oxygen concentration vol%, wet 

Off-gas cooler outlet temperature oC 

HEPA filter inlet temperature oC 

HEPA filter pressure differential in. w.c. 

Mercury adsorber inlet temperature oC 

 
8.4 Risk Evaluation 

The compounds listed in EDF-9483, “IWTU System Performance Test: Risk Evaluation for 
Organic Compounds Emissions,” Tables 4 and 5 will be part of the sampling and analysis completed 
during the SPT. The results of the emissions analysis will be compared to the calculated numbers in 
Table 5 of the EDF. If the concentrations are at or below the release rates from Tables 4 and 5, then the 
SPT has demonstrated that operating the IWTU within the bounding conditions defined by the SPT does 
not pose a risk to workers or the public through its emissions. 
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9. PREFACE TO APPENDIXES  

US EPA Sampling Methods and SW-846 Analytical Test Methods are sampling and analytical 
methods that have been evaluated and approved for use in complying with the RCRA regulations. These 
methods, although not required, provide guidance to samplers, analysts, data users, and other interested 
parties regarding methods that may be employed for the evaluation of solid waste and other testing 
specified in regulations issued under RCRA. The methods contain guidance on how to perform sampling 
and analytical procedures or techniques that samplers or laboratories can use as basic starting points for 
generating their own detailed Standard Operating Procedures (SOPs), either for their own general use or 
for a specific project application.  

The sampling and analytical methods listed and described in Appendix A and Appendix B are 
general guidance from the methods themselves and are not intended to be prescriptive.  While 
representative of the sampling and analytical methods used by the sampling contractor and analytical 
laboratory, they are not intended to be consistent in specific details.  

The qualified stack emission testing contractor, working with a qualified emission testing 
laboratory, supplied supplemental sampling information with proposed sampling details (Appendix F), 
along with justification for solvent and rinse substitutions, described below. The contracted qualified 
stack emission testing contractor will have a Qualified Source Testing Individual (QSTI certified), 
experienced emissions expert, and test leader on-site.  

The emission testing laboratory supplied supplemental sampling information and justification for 
solvent and rinse substitutions. This laboratory is one of only two full-service laboratories in the country 
with more than 200 individual stationary sources tested in the last 10 years. The laboratory has developed 
a number of industry-leading analytical approaches to support the testing requirements associated with the 
examination of stationary source emissions and indoor air quality. The laboratory has successfully 
developed a number of custom analytical applications, working with regulatory bodies to address unique 
testing applications that are not well suited for conventional testing applications. The laboratory services 
are designed to fulfill the requirements of major federal and state environmental programs, including trial 
burns and comprehensive performance tests. The laboratory holds numerous certifications/accreditations, 
including NELAP laboratory, certifications in 29 states, DoD ELAP, DOE (assessments for specialty 
services), and GSA contract laboratory. Applicable specialty program offerings include particulate, 
metals, fixed gases, and stationary source testing (volatile organic sampling trains [VOSTs], 
TCO/gravimetric, semivolatiles, PAHs, dioxins/furans, metals and chlorine).  

The laboratory provided justification for solvent and rinse substitutions for Methods 0010 and 
0023A as follows: 

For Method 0010, Methanol is substituted with Acetone in the similarly 
described solvent system from Method 0023A. The analytical laboratory 
recommends the same solvent recovery system for PAHs, SVOCs, and 
dioxins/furans. The only difference being that toluene is not needed for the PAHs 
or the SVOCs. Method 0010 solvent and glassware rinses using acetone followed 
by methylene chloride are the preferred approach. The acetone dries the probe 
and nozzle by removing all moisture droplets and the methylene chloride 
removes the remaining condensed semi-volatile compounds. The disadvantage of 
the 50/50 mixture of methanol in the laboratory is a procedural requirement to 
place this sample into water to remove the methanol before proceeding with the 
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continuous liquid-liquid extraction or Soxhlet extraction. This step is eliminated 
by the switch to acetone. Note that Method 0023A calls out this change explicitly 
as the solvent system, and allows semi-volatiles to be combined with dioxins and 
furans (See Sections 1.1, 5.6, and 7.2.2 of Method 0023A).  

For Method 0023A the requirement to separate the toluene from the other 
two (2) solvents comes from the incompatibility of toluene in the SVOC analysis. 
Toluene has a high enough boiling point that it is not removed by the SVOC 
blowdown process. Also, note that if we are not combining any trains with the 
Method 0023A train, the need to separate the toluene is not required. 
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Appendix A 

 

Appendix A 
 

Sampling Methods 
(see Section 6 and Table 6-1 for list of sampling methods references) 
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Appendix A 

Table A-1. Method 26A Stack Gas Particulate Matter, Hydrogen Chloride, and Chlorine Sampling 
Procedure (Isokinetic). 
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Appendix A 

Table A-1. (continued). 
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Appendix A 

Table A-1. (continued). 
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Appendix A 

Table A-1. (continued). 
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Appendix A 

Table A-1. (continued). 
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Appendix A 

Table A-2. Method 29 Stack Gas Multiple Metals Sampling Procedure (Includes Mercury, No 
Particulate). 
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Appendix A 

Table A-2. (continued). 
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Appendix A 

Table A-2. (continued). 
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Appendix A 

Table A-2. (continued). 
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Appendix A 

Table A-2. (continued). 
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Appendix A 

Table A-3. Method 0031 Stack Gas Volatile organic Sampling Procedure. 
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Appendix A 

Table A-3. (continued). 
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Appendix A 

Table A-3. (continued). 
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Appendix A 

Table A-3. (continued). 

 



 412.09 (06/03/2009 – Rev. 11)

IWTU SYSTEM PERFORMANCE TEST PLAN 
Identifier: 
Revision*: 
Page: 

PLN-3298 
4  
83 of 257 

 

Appendix A 

A-4. Method 0023A Stack Gas PCDD/PCDF Sampling Procedure. 
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Appendix A 

Table A-4. (continued). 
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Appendix A 

Table A-4. (continued). 
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Appendix A 

Table A-4. (continued). 
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Appendix A 

Table A-4. (continued). 
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Appendix A 

Table A-4. (continued). 
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Appendix A 

Table A-5. Method 0010 Stack Gas Semivolatile Organic Sampling Procedure. 
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Appendix A 

Table A-5. (continued). 
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Appendix A 

Table A-5. (continued). 
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Appendix A 

Table A-5. (continued). 
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Appendix A 

Table A-5. (continued). 
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Appendix A 

Table A-6. Stack Gas Continuous Emissions Monitoring Procedures for Carbon Monoxide and Total 
Hydrocarbons. 
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Appendix B 

 

Appendix B 
 

Analytical Methods 
(see Section 9 for list of analytical methods references) 
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Locations of Emissions Sampling Ports 
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Emissions Test Ports – three on the left and five on the right of the photograph 



 412.09 (06/03/2009 – Rev. 11)

IWTU SYSTEM PERFORMANCE TEST PLAN 
Identifier: 
Revision*:
Page: 

PLN-3298 
4  
228 of 257 

 

Appendix E 



 412.09 (06/03/2009 – Rev. 11)

IWTU SYSTEM PERFORMANCE TEST PLAN 
Identifier: 
Revision*:
Page: 

PLN-3298 
4  
229 of 257 

 

Appendix E 

 



 412.09 (06/03/2009 – Rev. 11)

IWTU SYSTEM PERFORMANCE TEST PLAN 
Identifier: 
Revision*: 
Page: 

PLN-3298 
4  
230 of 257 

 

Appendix F 

 

Appendix F 
 

Supplemental Sampling Information 
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