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EXECUTIVE SUMMARY 
This report is an evaluation of Best Available Control Technology for Toxics (tBACT) for 

installation and operation of the Hanford double shell tank (DST) primary ventilation systems. 

The DST primary ventilation systems are being modified to support Hanford’s waste retrieval, 

mixing, and delivery of single shell tank (SST) and DST waste through the DST storage system 

to the Waste Treatment and Immobilization Plant (WTP). The retrieval, pumping, and mixing of 

waste are expected to increase emissions of toxic air pollutants (TAPs) as defined in Washington 

Administrative Code (WAC) 173-460-150, Controls for New Sources of Toxic Air Pollutants. 

WAC 173-460-150 provides acceptable source impact levels (ASILs), small quantity emission 

rates (SQERs), and de minimis values for each TAP. WAC 173-460-060(2), Emission Standards 

for New and Modified Emission Units, requires that tBACT be employed for all TAPs for which 

the increase in emissions exceed the de minimis values.   

The process used in this tBACT evaluation was similar to that prior process used, documented, 

and approved by Ecology in the following tBACT evaluations. 

 Letter July 31, 2007, J.A. Hedges to S Olinger, Approval of Criteria and Toxic Emissions 

Notice of Construction (NOC) Application, Hanford Single-Shell Tank Waste Retrieval, 

Approval Order DE05NWP-002 Rev. 2.    
 Letter October 12, 2005, M.A. Wilson to R.J. Schepens, Approval of Criteria and Toxic 

Emissions Notice of Construction (NOC) Application for Operations of Waste Retrieval 

Systems in Single-Shell Tank (SST) Farms as Supplemented with C Farm Exhauster 

Operation Incorporating C-200 Series Tanks and Aggregated Exhaust Points for the 241-C 

Tank Farm, Approval Order DE05NWP-002, Rev. 1.  
 Letter February 18, 2005, M.A. Wilson to R.J. Schepens, Approval of Non-Radioactive Air 

emissions Notice of Construction (NOC) for Operation of New Ventilation Systems in AN and 

AW Tank Farms, Approval Order DE05NWP-001.   

The development of this tBACT followed guidance provided from Washington State Department 

of Ecology (Ecology) and the U.S. Environmental Protection Agency (EPA) for the process to 

determine best available control technologies (BACT). This tBACT follows the five-step BACT 

process, the steps are the following.  

 Step 1 - Identify all available control technologies for each pollutant subject to review. 
 Step 2 - Eliminate all technically infeasible control technologies. 
 Step 3 - Rank the remaining control technologies by control effectiveness. 
 Step 4 - Evaluate the feasible control technologies, beginning with the most efficient, with 

respect to economic, energy, and environmental impacts. 
 Step 5 - Select as tBACT the most effective control technology that is not rejected based on 

adverse economic, environmental, and/or energy impacts. 

This tBACT evaluation addresses 41 TAPs that exceed the de minimis values. TAPs with similar 

chemical and physical properties were placed into groups with the assumption that similar 

control technologies would be effective in abatement. The four separate groups that exceeded de 

minimis values were as follows: 

 Ammonia 
 Toxic organic compounds 
 Mercury and mercury related compounds 
 Particulate metal compounds. 
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After a detailed evaluation of the four TAPs and/or groups and the effectiveness and costs of 

emission control technologies for each, a $/ton cost was determined to implement a control 

technology as identified in Table ES-1. Most of the identified technologies were eliminated, 

because their $/ton costs exceeded the cost ceiling guidelines previously approved by Ecology 

and EPA as economically unjustifiable. Although the evaluated technology would remove 98-

99% of the pollutants, the cost of the abatement becomes prohibitive on a per ton basis due to the 

low emission rates.   

Based on the results of this tBACT evaluation, the proposed tBACT control technology for the 

DST primary ventilation systems consists of a moisture de-entrainer, pre-heater, pre-filters, and a 

High Efficiency Particulate Air (HEPA) filtration system in the treatment train. 

This tBACT evaluation is one part of the Notice of Construction (NOC) application that will be 

submitted to Ecology. It provides information on TAP emissions, control technologies proposed, 

why they were proposed, or why a technology was not feasible for mitigation of toxic emissions 

during DST waste operations. 

 

Table ES-1.  Total Annualized Costs of Abatement Technologies, Emissions per Year, and the Cost of 

Removal per Ton Compared to the Ceiling Cost Effectiveness Threshold. 

 

Total 

Annualized 

Costs ($/year) 

Emissions per 

Year (tons) 
Annual Cost of 

Removal 

($/ton)
a 

Ceiling Cost 

Effectiveness 

Threshold ($/ton)
b 

Ammonia     

   Thermal Non-Catalytic Oxidizer $2,925,000 13 $223,000 $105,000 

   Activated Carbon Adsorption $5,148,000 13 $392,000 $105,000 

   Scrubber $7,583,000 13 $583,000 $105,000 

Toxic Organic Compounds     

   Thermal Non-Catalytic Oxidizer  $2,925,000 0.48 $6,093,000 $105,000 

   Activated Carbon Adsorption $797,000 0.48 $1,661,000 $105,000 

Mercury and Mercury Related 

Compounds 
    

   Activated Treated Carbon 

Adsorption 
$94,000 2.6E-04 $363,185,000 $105,000 

Particulate Metal Compounds Particulate metal compounds are removed by the required particulate filtration train 
for removal of radionuclides at a 99.95% removal rate.   

Notes:    
a
Cost of Removal equals the Total Annualized Cost ($/year) divided by the Emissions per Year (tons). 

b
See Section 2, tBACT Methodology, for a detailed discussion. 
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1.0 INTRODUCTION 

The waste feed delivery mission requires all single shell tank (SST) wastes be transferred to the 

double shell tank (DST) system for future delivery to the Waste Treatment and Immobilization 

Plant (WTP). In preparation for this mission, new primary ventilation systems are being planned 

and designed for each DST farm. The first such primary ventilation system will replace the 

current primary ventilation system installed in the SY-241 Tank Farm.  

Currently, DST farms are exhausted through a primary ventilation system that serves as a 

containment system for radioactive particulates present in the tank headspace, vents flammable 

gases and vapors that evolve from the liquid surface in the DSTs, and removes heat. The 

ventilation system operates by drawing outside air into and through the tank headspace. After the 

air leaves the headspace, the ventilation system conditions the outlet stream to remove entrained 

moisture, reduce relative humidity, and filter particulates. During exhaust it is discharged to 

atmosphere through the stack, the exhaust is monitored and sampled for radioactive particulates. 

The new DST farm primary ventilation systems will replace the existing two parallel exhaust 

trains with two new parallel exhaust trains, each capable of providing up to nominally 2,000 

ft
3
/min (standard) and maximum 3,000 ft

3
/min (standard) exhaust flow. Primary ventilation 

systems are operated during all storage, treatment, retrieval, and transfer operations of the waste 

contained in the DSTs. 

The new replacement primary ventilation systems are considered modifications to the DST 

system and require a new air source review in accordance with WAC 173-460-040, Controls of 

New Sources of Air Toxic Pollutants and WAC 173-400-110, New Source Review (NSR). In 

addition, a Notice of Construction (NOC) permit application is required if there are new 

pollutants emissions or if increases exceed the de minimis values listed in WAC 173-460-150, 

Controls for New Sources of Toxic Air Pollutant. In addition, an NOC application for all new or 

modified toxic air pollutant sources must demonstrate that the new or modified emission units 

employ tBACT for all toxic air pollutants (TAPs) where the increase in emissions exceed the de 

minimis emission values found in WAC 173-460-150. 

RPP-RPT-44009  Rev 1, Spreadsheet Description Document for Non-Radiological Air Source 

Term for 241-SY Farm and 241-AP Farm Primary Ventilation Systems Upgrades (May 2010) 

and SVF-1821, Rev 1, Non-Rad Air Source Term for 241-SY Farm and 241-AP Farm Primary 

Ventilation System Upgrades.xlsx (May 2010) assessed unabated emissions to the DST farm 

primary ventilation systems. Several pollutants exceeded the WAC 173-460-150 de minimis 

values and one pollutant (dimethyl mercury) exceeded the Acceptable Source Impact Level 

(ASIL).  

This tBACT evaluation is one part of the NOC application. It provides information on toxic air 

pollutant (TAP) emissions, control technologies proposed, why they were proposed, or why a 

technology was not feasible for mitigation of toxic emissions during DST waste operations. 
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2.0 REGULATORY REQUIREMENTS AND METHODOLOGY 

WAC 173-460-020 defines "Best available control technology for toxics (tBACT)" as that term 

is defined in WAC 173-400-030, as applied to toxic air pollutants. Toxic air pollutants are 

defined as any toxic air pollutant listed in WAC 173-460-150.   

WAC-173-400-030, defines “Best available control technology (BACT)” as: 

“An emission limitation based on the maximum degree of reduction for each air pollutant 

subject to regulation under chapter 70.94 RCW emitted from or which results from any 

new or modified stationary source, which the permitting authority, on a case-by-case 

basis, taking into account energy, environmental, and economic impacts and other costs, 

determines is achievable for such source or modification through application of 

production processes and available methods, systems, and techniques, including fuel 

cleaning, clean fuels, or treatment or innovative fuel combustion techniques for control of 

each such pollutant. In no event shall application of “best available control technology” 

result in emissions of any pollutants which will exceed the emissions allowed by any 

applicable standard under 40 CFR Part 60 and Part 61. Emissions from any source 

utilizing clean fuels, or any other means, to comply with this paragraph shall not be 

allowed to increase above levels that would have been required under the definition of 

BACT in the Federal Clean Air Act as it existed prior to enactment of the Clean Air Act 

Amendments of 1990.” 

This tBACT demonstration is a modification of EPA’s BACT analysis procedure delineated in 

the New Source Review Workshop Manual, Prevention of Significant Deterioration and 

Nonattainment Area Permitting (EPA, 1990). It is commonly referred to as the EPA Puzzle 

Book.  There are five basic steps to EPA's "top-down" BACT process for evaluation of pollutant 

emission control technologies.  These steps include the following:  

 Step 1 - Identify all available control technologies for each pollutant subject to review. 
 Step 2 - Eliminate all technically infeasible control technologies. 
 Step 3 - Rank the remaining control technologies by control effectiveness. 
 Step 4 - Evaluate the feasible control technologies, beginning with the most efficient, with 

respect to economic, energy, and environmental impacts. 
 Step 5 - Select as BACT the most effective control technology that is not rejected based on 

adverse economic, environmental, and/or energy impacts. 
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Each step is described below: 

Step 1: Identifies all commercially available toxic air emission control options.  This step 

involves a search for available technologies that can reduce the emission levels for the toxic 

contaminants of concern.  Technologies required under previously completed lowest achievable 

emission rate (LAER) determinations are available for BACT purposes and are also included as 

control alternatives. They usually represent the "top" alternative (the highest emission reduction). 

The information sources used to identify control technologies include: 

 Previous BACT and tBACT demonstrations. 
 EPA's reasonably available control technology (RACT)/BACT/LAER Clearinghouses. 
 Regulatory authorities. 
 Federal, State and local new source review (NSR) permits. 
 Control technology vendors. 
 Literature search. 
 Internet Searches. 
 Similar commercial government applications. 

Step 2: Eliminates all of the above identified technically infeasible options and develops a short 

list of control technologies for further analysis. Screening criteria is applied to eliminate any 

control technology that is not available (cannot be obtained commercially) or not applicable 

(able to be reasonably installed and operated for control of tank farm process emissions). The 

determination of feasibility is based on evaluating vendor specifications and commercial or 

government application experience data for available control technologies previously identified.  

If a control technology has been installed and operated successfully on emissions with similar 

chemical and physical characteristics to those from processes that are being evaluated, it is 

demonstrated and is technically feasible. 

The screening criteria developed for application to the suite of control technologies are as 

follows: 

 The control technology has not been demonstrated at sufficient scale or removal efficiency for 

the application. 
 The control technology introduces additional hazards above and beyond the primary control 

hazard. 
 The control technology uses materials of construction that are unsuitable in a radiation field 

anticipated during operations or impact the integrity of materials of construction (i.e., 

corrosion) and no suitable alternative materials can be substituted. 
 The control technology would be very difficult to modify for applicable field operations and 

maintenance activities anticipated during operations. 
 Control technology would generate secondary waste streams. 
 The control technology requires testability requirements where extraordinary measures would 

be required to ensure operational performance. 

Step 3: Ranks the remaining control technologies in order of effectiveness for each unabated 

emission off gas stream under evaluation. The most effective control technology is ranked at the 

top.  

Step 4: Evaluates economic impacts for highly-ranked applicable technologies for each unabated 

emission off gas stream analyzed. The purpose of the economic evaluations is to determine and 
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compare "cost reasonableness" ($/ton pollutant reduction) of the highly ranked technologies, in 

order, to determine whether impacts were acceptable.  The economic analyses include factors for 

environmental impacts (e.g., secondary waste treatment, disposal costs) and energy impacts (e.g., 

utility costs). These economic impacts are based on average and incremental cost effectiveness 

or reasonableness of these analyses, expressed as cost per ton of pollutant removed. In addition, 

impacts on worker health and safety, such as labor for equipment maintenance, can be included.  

Step 5: The control technology with the highest control efficiency is evaluated first for tBACT. 

If this technology is found to have acceptable energy, environmental, or economic impacts, then 

it is proposed as tBACT and no further analysis is necessary. If the top technology is shown to be 

inappropriate, based on energy, environmental, or economic impacts, the applicant must fully 

document the justification for this conclusion. Then the next most effective control technology 

on the list becomes the new candidate and is similarly evaluated. This process continues until the 

technology under consideration cannot be eliminated due to energy, environmental, or economic 

impacts, which would demonstrate the technology to be appropriate as tBACT. 

General Approach to Economic Impact Evaluation 
An economic determination is made whether there is any unacceptable environmental, energy, or 

economic impacts for the highest ranked technology. If there are no unacceptable impacts, then 

the highest ranked technology is proposed as tBACT for each unabated off gas stream. Economic 

evaluations are performed consistently across all technologies, and are rough order of magnitude 

cost estimates and employ the procedure found in the Office of Air Quality Planning and 

Standards Air Pollution Control Cost Manual, Sixth Edition (EPA, 2002). The results of the 

economic analyses are included as cost tables. 

The economic impacts of the control technology options are evaluated by calculating the cost 

effectiveness. This calculation is performed by estimating the total annualized cost of control 

($/yr) and dividing by the annual amount of emission reduction that would be achieved (tons/yr). 

The resulting cost effectiveness value ($/ton) is compared to costs for similar applications and to 

guidance provided by regulatory agencies. 

Typically, cost effectiveness evaluations are compared to survey values compiled by Federal and 

State regulatory agencies. In general, tBACT cost effectiveness for pollutants are considered 

relative to “Plateau” and “Ceiling” values.  Plateau level values are those below which a control 

technology is rarely thrown out as economically unjustifiable. The tBACT cost Ceiling value is a 

value above which a control technology is rarely judged economically justifiable. No similar cost 

guidance has been developed for tBACT. However, previous tBACT evaluations submitted from 

Hanford and approved by Ecology have used an additional factor for determination of cost 

ceiling values. These previous tBACT evaluations are as follows: 

 Letter July 31, 2007, J.A. Hedges to S. Olinger, Approval of Criteria and Toxic Emissions 

Notice of Construction (NOC) Application, Hanford Single-Shell Tank Waste Retrieval, 

Approval Order DE05NWP-002 Rev. 2.     

 Letter October 12, 2005, M.A. Wilson to R.J. Schepens, Approval of Criteria and Toxic 

Emissions Notice of Construction (NOC) Application for Operations of Waste Retrieval 

Systems in Single-Shell Tank (SST) Farms as Supplemented with C Farm Exhauster 

Operation Incorporating C-200 Series Tanks and Aggregated Exhaust Points for the 241-C 

Tank Farm, Approval Order DE05NWP-002, Rev. 1. 
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 Letter February 18, 2005, M.A. Wilson to R.J. Schepens, Approval of Non-Radioactive Air 

emissions Notice of Construction (NOC) for Operation of New Ventilation Systems in AN and 

AW Tank Farms, Approval Order DE05NWP-001.   

The maximum previous plateau tBACT value was $5,700/ton and the maximum ceiling value 

was $10,500/ton. The additional tBACT factors used in the previous tBACT evaluations were 

based upon two options. These options took into account the toxicity and carcinogenicity of the 

various TAPs to scale the tBACT cost factors to reflect the hazards of these pollutants based 

upon either the classification of each TAP (Class A or B) or the ASIL associated with each TAP. 

Option 1: The first option used in the previous tBACT evaluations refers to the Class A and 

Class B TAP classification defined in the previous (prior to June 20, 2009) WAC 173-460 

regulation. For Class A TAPs, the “Plateau” and “Ceiling” values were multiplied by a factor of 

10.  For Class B TAPs, the “Plateau” and “Ceiling” values were multiplied by a factor of 5. 

As of June 20, 2009, the revised WAC 173-460-150 no longer uses the Class A and Class B 

designations for identification of TAPs to use this method, however, it was noted that the 

previous Class A TAPs had, for the most part, annual averaging periods and Class B TAPs had 

24-hour averaging periods. The current version of the regulations use  annual, 24-hour, and 

hourly averaging periods and no longer designate Class A and B. None of the TAPs with hourly 

averaging periods were above the de minimis. 

The “Plateau” and “Ceiling” values used for all current TAPs with annual averaging periods 

were multiplied by a factor of 10. Table 2-1 takes the highest “Plateau” of $5,700 and the 

“Ceiling” of $10,500 values from the previous tBACTs and multiplies these by the factors of 5 

and10 to demonstrate this tBACT adjustment described above.  

 

Option 2: The second option used in the previous tBACT evaluations for assessing tBACT cost 

effectiveness was based on individual pollutant ASILs and involves calculating a pollutant-

specific cost factor using the following: 

 Cost Factor = log10(27,000 ÷ ASIL) 

The cost effectiveness thresholds for tBACT “Plateau” and “Ceiling” values were then 

determined for each pollutant by multiplying the maximum pollutant “Plateau” and “Ceiling” 

values by the pollutant-specific cost factor. Table 2-2 demonstrates these cost factors for all 

pollutants determined to be above the de minimis for purposes of this tBACT evaluation. 

Designated Methodology:  All of the tBACT cost factors from Option 2 were under a factor of 

10, except for dimethyl mercury. A multiplier of 10 was determined to be the upper limit for 

adjustment of the previously used tBACT “Plateau” and “Ceiling” values. The upper and 

bounding “Plateau” and “Ceiling” values used for this tBACT evaluation were then $57,000/ton 

and $105,000/ton respectively.   

  

Table 2-1. tBACT Cost Factors 

Method Cost Factor 

Cost Effectiveness Threshold ($/ton) 

Plateau Ceiling 

Toxic Air Pollutants (TAP) Classification 

Annual Averaging TAP 10 $57,000 $105,000 

24-hour Averaging  TAP 5 $28,500 $52,500 
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Table 2-2. ASIL Based Cost Factor Calculations for Compounds Above De Minimis Thresholds
a
 

Compound Name 

ASIL 

( g/m
3
) 

ASIL Based Cost Factor 

(Cost Factor = log10(27,000/ASIL) 

Ammonia 70.8 2.6 

Particulate Metal Compounds   

Arsenic & Inorganic Arsenic Compounds  0.000303 7.9 

Beryllium & Compounds (NOS)  0.000417 7.8 

Cadmium & Compounds  0.000238 8.1 

Chromium Hexavalent: Soluble, except Chromic Trioxide  6.67E-6 9.6 

Cobalt  0.1 5.4 

Manganese & Compounds  0.04 5.8 

Mercury Compounds   

Mercury, Elemental  0.09 5.5 

Dimethyl Mercury 1.00E-99 103.4 

Organic Compounds   

1,1,2,2-Tetrachloroethane  0.0172 6.2 

1,1,2-Trichloroethane  0.0625 5.6 

1,2-Dibromoethane  0.0141 6.3 

1,2-Dichloroethane  0.0385 5.8 

1,2-Dichloropropane  0.1 5.4 

1,3-Butadiene  0.00588 6.7 

1,4-Dichlorobenzene  0.0909 5.5 

1,4-Dioxane   0.13 5.3 

Acetaldehyde  0.37 4.9 

Acrylic Acid  1 4.4 

Acrylonitrile  0.00345 6.9 

Benzene  0.0345 5.9 

Benzyl Chloride  0.0204 6.1 

Carbon Tetrachloride  0.0238 6.1 

Chloroform  0.0435 5.8 

Dichloromethane  1 4.4 

Ethylbenzene  0.4 4.8 

Ethylene oxide  0.0114 6.4 

Hexachlorobutadiene  0.0455 5.8 

Hexachloroethane  0.0909 5.5 

Naphthalene  0.0294 6.0 

n-Nitrosodiethylamine  1.00E-04 8.4 

n-Nitrosodimethylamine  0.000217 8.1 

n-Nitroso-di-n-butylamine  0.000323 7.9 

n-Nitrosodi-n-propylamine  0.0005 7.7 

n-Nitrosomorpholine  0.000526 7.7 

n-Nitroso-n-methylethylamine  0.000159 8.2 

n-Nitrosopyrrolidine  0.00167 7.2 

Perchloroethylene  0.169 5.2 

Polychlorinated Biphenyls (PCBs) 0.00175 7.2 

Trichloroethylene  0.5 4.7 

Vinyl Chloride  0.0128 6.3 

Source:  RPP-RPT-44009 Rev 1, Spreadsheet Description Document for Non-Radiological Air Source Term for 241-SY Farm 

and 241-AP Farm Primary Ventilation Systems Upgrades (May 2010) and SVF-1821, Rev 1, Non-Rad Air Source Term for 241-

SY Farm and 241-AP Farm Primary Ventilation System Upgrades.xlsm (May 2010) 
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Figure 3-1. Location of Tank Farms in 200 East and 200 West Areas of the Hanford Site 

 
 

3.0 DOUBLE SHELL TANK SYSTEM PRIMARY VENTILATION SYSTEM DESCRIPTION AND 

ASSOCIATED SOURCE TERM 

System Description 
Figure 3-1 shows overall configuration of the Hanford tank farms that are located in the 200 

East and 200 West area of the Hanford Site. The DST farms are used for storage, treatment, 

retrieval, and transfer of the tank waste, including future transfers to the WTP. 

Each DST farm currently exhausts emissions through a primary ventilation system. These 

primary ventilation systems serve as a containment system for radioactive particulates present in 

the tank headspace, vent flammable gases and vapors that evolve from the liquid surface in the 

DSTs, and remove heat. The system operates by drawing outside air into and through the tank 

headspace. After the air leaves the headspace, the ventilation system conditions the outlet stream 

to remove entrained moisture, reduces relative humidity, and filters particulates. During exhaust 

discharge to atmosphere through the stack, the exhaust is monitored and sampled for radioactive 

particulates.  

Ventilation system upgrades for each of the DST farms are needed for operational reliability and 

to support future waste feed delivery for the WTP. The primary ventilation system upgrades 

includes design, fabrication, installation, and construction acceptance testing. Each Tank Farm 

will have two parallel systems to include exhausters, deentrainer, heater, pre-filter, HEPA filter 

trains (two in series), fan, exhaust stack, ventilation system ducting, and stack and associated 

stack monitoring equipment including record samplers, continuous air monitors and other 

detectors. 
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Figure 3-2. Typical Current Double Shell Tank Primary Ventilation System  

 

Currently, the primary ventilation system requirements are:  

 Remove heat from the primary tank by removing water vapors from the headspace. 
 Confine materials by maintaining vacuum conditions within the tank. 
 Remove moisture from the exhaust air by condensation and de-entrainment. 
 Remove radioactive particulate materials from the gaseous effluent. 
 Remove flammable gases from the primary tank vapor space. 

The major components of the current primary ventilation subsystem include: filtration, 

fan/blower, stack, and monitoring and control instruments as shown in Figure 3-2. The exhaust 

fans maintain a negative pressure on the tanks, thereby eliminating fugitive emissions, maintain 

an adequate airflow for cooling of the tanks, and remove any accumulated flammable gases. In 

the event of a failure of the operating filtration train and/or exhaust fan, the standby filter bank 

and exhaust fan are activated. 

An exhaust air cooler is optionally placed in the flow stream between the storage tanks and the 

deentrainer (moisture separator). The function of the cooler is to reduce the temperature of the air 

stream so as not to exceed the maximum operating temperature of the stack monitoring and 

control system. Moisture is removed by the primary ventilation system via the deentrainer. 

Collected condensate is returned to a designated DST in the farm. The system reduces the 

relative humidity by heating the exhaust air stream before it enters the prefilter and the HEPA 

filters. The prefilter removes the large particulates and reduces the load on the HEPA filters. 
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Two HEPA filters are used in series; these filters are test qualified by the manufacturer to 

comply with ASME AG-1, Section FC, and remove 99.97% of particulate greater or smaller than 

0.3 microns.  

The exhauster train has a centrifugal fan, which induces the air flow through the DSTs to the 

HEPA filters.  It is located downstream of the HEPA filters and discharges into the stack.  Each 

train is self contained; each exhaust system has its own stack.  

Source Term 
The source term data used for this tBACT demonstration is documented in RPP-RPT-44009 and 

SVF-1821. The source term assesses potential release rates of hazardous chemicals to double-

shell tank farm ventilation exhausters during waste storage operations and operations supporting 

waste feed delivery to the WTP. The source term is bounded by potential releases of hazardous 

chemicals from 241-AP Farm as discussed below. The following methodology was used to 

determine the Hanford DST farm source term: 

 Compare WAC-173-460-150, Table of ASIL, SQER and De Minimis Values and Tank Waste 

Information Network System (TWINS) listed substances by common name and by Chemical 

Abstract Service registration number (CAS#). CAS#s were used to sort and match the listing 

of CAS#s found in TWINS.  
 TWINS data is for both SSTs and DSTs 
 Extract common entries for evaluation as a TAP and calculate release rates for each by 

multiplying measured headspace concentrations by the headspace ventilation flow rate. 
 Equate potential release rate of each to the highest calculated release rate. 
 Increase potential release rates for tanks with waste disturbing activity (waste transfer or waste 

mixing operations) by a factor of ten to account for the increased headspace concentration.  

Assume that up to two tanks in a farm have waste disturbing activities in progress and that the 

waste in the remaining tanks experience quiescent conditions. 
 Select the DST Farm with the largest number of tanks (e.g. 241-AP Farm with eight tanks). 
 Determine the source term multiplier for the selected tank farm [for 241-AP Farm: two tanks 

with waste disturbing activity (2 x 10 = 20) plus six tanks with quiescent waste conditions (6 x 

1 = 6) for a total source term multiplier of 26]. 
 The bounding DST farm source term for each hazardous chemical is equal to the highest 

calculated release rate multiplied by 26. 

Approximately 90 chemical compounds were identified as TAPs. Of the 90 identified TAPs, 41 

were identified to be above the de minimis values in accordance with WAC-173-460-150 (Table 

of ASIL, SQER, and De Minimis Values). These 41 TAPs are listed in Table 3-1. Based on these 

41 compounds, four tBACT analyses (reflecting similar physical and chemical properties) are 

required to assess emission control technologies for all TAPs above de minimis thresholds: 

 Toxic organic compounds (Section 4.0) 
 Ammonia (Section 5.0) 
 Mercury compounds (Section 6.0) 
 Particulate metal compounds (Section 7.0).  
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Table 3-1.  TAPs With Emissions Above De Minimis Rates 

Compound Name 

Chemical 

Abstract # 

Averaging 

Period 

Release Rate 

(lb/avg. period) 

De Minimis Release 

Rate (lb/avg. period) 

Ammonia 7664-41-7 24-hr 7.19E+01 0.465 

Toxic Organic Compounds 

1,1,2,2-Tetrachloroethane  79-34-5 Year 1.95E+01 0.165 

1,1,2-Trichloroethane  79-00-5 Year 1.55E+01 0.6 

1,2-Dibromoethane  106-93-4 Year 2.09E+00 0.135 

1,2-Dichloroethane  107-06-2 Year 4.27E+01 0.369 

1,2-Dichloropropane  78-87-5 Year 1.25E+00 0.959 

1,3-Butadiene  106-99-0 Year 5.22E+00 0.0564 

1,4-Dichlorobenzene  106-46-7 Year 1.63E+00 0.872 

1,4-Dioxane   123-91-1 Year 1.84E+01 1.25 

Acetaldehyde  75-07-0 Year 1.08E+02 3.55 

Acrylic Acid  79-10-7 24-hr 4.67E-02 0.00657 

Acrylonitrile  107-13-1M Year 3.23E-01 0.0331 

Benzene  71-43-2 Year 4.27E+01 0.331 

Benzyl Chloride  100-44-7 Year 3.51E-01 0.196 

Carbon Tetrachloride  56-23-5 Year 4.30E+01 0.228 

Chloroform  67-66-3 Year 4.30E+01 0.417 

Dichloromethane  75-09-2 Year 2.92E+02 9.59 

Ethylbenzene  100-41-4 Year 3.70E+01 3.84 

Ethylene oxide  75-21-8 Year 2.03E-01 0.109 

Hexachlorobutadiene  87-68-3 Year 3.04E+01 0.437 

Hexachloroethane  67-72-1 Year 4.41E+01 0.872 

Naphthalene  91-20-3M Year 3.41E-01 0.282 

n-Nitrosodiethylamine  55-18-5 Year 5.08E-02 0.000959 

n-Nitrosodimethylamine  62-75-9 Year 6.94E+01 0.00208 

n-Nitroso-di-n-butylamine  924-16-3 Year 5.08E-02 0.0031 

n-Nitrosodi-n-propylamine  621-64-7 Year 5.08E-02 0.0048 

n-Nitrosomorpholine  59-89-2 Year 2.35E-01 0.00505 

n-Nitroso-n-methylethylamine  10595-95-6 Year 5.08E-02 0.00153 

n-Nitrosopyrrolidine  930-55-2 Year 5.08E-02 0.016 

Perchloroethylene  127-18-4 Year 4.24E+01 1.62 

Polychlorinated Biphenyls (PCBs) 1336-36-3 Year 5.34E-01 0.0168 

Trichloroethylene  79-01-6 Year 4.27E+01 4.8 

Vinyl Chloride  75-01-4 Year 4.30E+01 0.123 

Mercury Compounds 

Mercury, Elemental  7439-97-6 24-hr 1.43E-03 0.000591 

Dimethyl Mercury  593-74-8 24-hr 2.96E-06 1.00E-99 

Particulate Metals Compounds  

Arsenic & Inorganic Arsenic 

Compounds  
7440-38-2 Year 1.72E+00 0.00291 

Beryllium & Compounds (NOS)  7440-41-7 Year 8.61E-02 0.004 

Cadmium & Compounds  7440-43-9 Year 8.61E-01 0.00228 

Chromium Hexavalent: Soluble, 

except Chromic Trioxide  
7440-47-3 Year 2.63E+00 6.40E-05 

Cobalt  7440-48-4 24-hr 4.70E-03 0.000657 

Manganese & Compounds  7439-96-5 24-hr 4.70E-03 0.000263 
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4.0 IDENTIFICATION AND EVALUATION OF EMISSION CONTROL TECHNOLOGY OPTIONS FOR 

TOXIC ORGANIC COMPOUNDS 

This section covers the detailed tBACT evaluation for toxic organic compound emissions for the 

DST farm system. Toxic organic compound emissions have been evaluated and defined by RPP-

RPT-44009 and SVF-1821. Thirty-two (32) different, toxic, organic compounds have been 

estimated to be above their de minimis levels (see Section 3.0, Table 3-1 as defined in RPP-RPT-

44009 and SVF-1821). All toxic organic compounds will be treated as a group of TAPs because 

they have similar physical and chemical properties and similar control technologies. The total 

annual toxic organic compounds emitted from the operations of a primary ventilation system of a 

DST farm are estimated to be 0.48 tons/year (derived from Table 3-1).   

Step 1: Emission Control Technologies Identified for Toxic Organic Compounds  
The following emission control technologies have been identified for the destruction and/or 

removal of toxic organic compound emissions. 

 Activated carbon adsorption.  
 Wet scrubber absorption. 
 Thermal catalytic oxidation. 
 Thermal non-catalytic oxidation 

Step 2: Elimination of Technically Infeasible Options/Development of Short List 
for Toxic Organic Compounds 
Qualitative screening and elimination criteria were developed for the selective elimination of 

control technologies evaluated to be technically infeasible or not applicable for treatment of toxic 

organic compound emissions from the primary ventilation system in DST farm processes. The 

screening criteria were applied for the suite of control technologies for toxic organic compounds 

listed above and are shown in Table 4-1. The only identified emission control technology that 

was determined to be technically infeasible and eliminated for this application is thermal 

catalytic oxidation. 

 

Thermal Catalytic Oxidation: Thermal catalytic oxidation can be used to reduce volatile or 

toxic organic compound emissions from a variety of sources. Generally high flow, low 

concentration applications are best suited to produce high removal efficiencies for this 

technology. Particulates or halogenated volatile organic compounds and heavy metals can clog 

the packed bed or poison or deactivate the catalyst reducing the design life of the unit. Specific 

poisons include halogenated compounds, mercury, arsenic, sulfur, sodium, and calcium.  Many 

of these compounds are found in the tank waste in high concentrations. 

 

Table 4-1.  Toxic Organic Compounds – Potential tBACT 

Control  Description Screening Results 
1 Activated Carbon Adsorption Applicable 

2 Wet Scrubber Absorption Applicable 

3 Thermal Catalytic Oxidizer Eliminated 

4 Thermal Non-Catalytic Oxidation Applicable 
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Figure 4-1. Typical Adsorption Isotherm (Benzene)  

 
 

Step 3: Rank Remaining Control Technologies by Control Effectiveness 
Effectiveness is defined by the ability of the 

control technology to reduce the post treatment 

emission rate for a given TAP or group of 

TAPs. The short list of tBACT technologies for 

toxic organic compounds in order of removal 

efficiency is provided in Table 4-2. The 

technologies with a removal efficiency of 99% 

or greater were down-selected for further 

tBACT economic evaluation which include 

activated carbon adsorption and thermal non-

catalytic oxidation. Nevertheless, a general 

technology overview of wet scrubber absorption 

is described below for evaluation completeness. 

Activated Carbon Adsorption: The principal use of activated carbon as a control technology is 

for the removal of VOCs such as hydrocarbons, solvents, toxic gases and organic based odors. In 

addition, chemically impregnated activated carbons can be used to control certain inorganic 

pollutants such as hydrogen sulfide, mercury, or radon. When properly applied, the adsorption 

process will remove pollutants for which it is designed, to virtually nondetectable levels. Carbon 

adsorption is equally effective on single component emissions as well as complex mixtures of 

pollutants. 

  

Table 4-2.  tBACT Ranking by  

Effectiveness for Control of Toxic Organic 

Compounds 

Ranking/Technology 
Removal 

Efficiency 

1a. Activated Carbon 

Adsorption 
99% 

1b. Thermal Non-Catalytic 

Oxidation 
99% 

3. Wet Scrubber Absorption 70-90% 
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Physical adsorption is dependent on the characteristics of the pollutant to be adsorbed, the 

temperature of the gas stream to be processed, and the concentration of the contaminant in the 

gas stream. The adsorption capacity for a particular pollutant represents the amount of the 

pollutant that can be adsorbed on a unit weight of activated carbon consumed at the conditions 

present in the application. Typical adsorption capacities for moderately adsorbed compounds 

range from 5 to 30 percent of the weight of the carbon. A typical carbon adsorption isotherm 

(i.e., benzene) is shown in Figure 4-1. This figure shows that the adsorption of a compound is 

inversely proportional to the concentration when plotted on a log-log scale.  

Activated carbon adsorption is applicable to low boiling point, small toxic, and volatile organic 

molecules. Large toxic or organic molecules are very difficult to remove from an activated 

carbon bed either by steam or by hot inert gas stripping and frequently result in decomposition or 

permanent plugging of the carbon bed. When a small fraction of the toxic organic compound 

“high boilers” (large molecular weight, high boiling point compounds) are present, a sacrificial 

guard bed is used to protect the main regenerable beds from poisoning. The guard bed is replaced 

when breakthrough occurs.  Large toxic or organic molecule activated carbon adsorption is 

economical only when the recoverable toxic organic compound is the significant fraction of the 

total toxic organic compounds with a small percentage of high boilers.  

For toxic or volatile organic compounds at low concentration (below 100 vppm), the typical 

control technology is fixed bed adsorption on activated carbon and disposal of carbon off site. In 

most cases, the adsorbent can be “reactivated” under similar conditions as the “activation process 

(~1000 C steam/air environment) where the adsorbed compounds are destroyed and the carbon is 

returned to near its original capacity. In addition, fixed adsorption is analogous to 

chromatography, the various organic compounds adsorbing have a significant impact on the 

adsorption capacity of other organic molecules, due to both displacement and to near permanent 

deposition on the carbon bed. Thus, while the adsorbent may indicate a relatively high pure 

component adsorption capacity for a particular component, when the gas stream has a large 

variety of organic molecule sizes and boiling points, the equilibrium capacity indicated by 

adsorption isotherms for that component cannot be approached. 

As an example, a pure component isothermal capacity of 10 wt% may be reduced to as low as 

0.1wt% in a multi-component system due to displacement by other components of the gas stream 

or by the “plugging” of otherwise available surface by high molecular weight compounds. The 

effect of “co-adsorbates” in the individual breakthrough adsorption time of the toxic organic 

compounds was estimated by the National Research Council (NRC) in relation to chemical agent 

incineration effluent control in a dynamic system. (NRC 1999, The Disposal of Activated Carbon 

from Chemical Agent Disposal Facilities) and is shown in Table 4-3 (on next page). 

Also, many emission source terms are defined with many safety factors, typically increasing the 

assumed concentration of the toxic organic compounds in the inlet gas stream, often by as much 

as an order of magnitude. Adsorption capacity is concentration dependent and an order 

magnitude decrease in organic compound concentration typically results in halving the 

adsorption capacity. Therefore, using an inflated source term for toxic organic compound 

concentrations, results in an undersized adsorption system. 
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Furthermore, due to mass transfer limitations, only very large adsorbent beds approach the 

equilibrium capacity under dynamic conditions. The length of the mass transfer zone (MTZ) is 

again highly dependent on the properties of both the adsorbent structure (macro and micro 

porosity) and the properties of the organic compounds. This is further complicated in case of 

variable concentration of organic compounds entering the adsorbent bed, because both 

adsorption and desorption mass transfer needs to be considered. In most cases, the desorption 

MTZ is significantly longer than the adsorption MTZ. These factors establish the minimum bed 

depth (in the flow direction) criterion for adsorbent bed design. Typically, the minimum bed 

depth, for long term use applications, should be several orders of magnitude longer than the 

MTZ. Therefore, adsorbent beds cannot be designed solely on the adsorbent mass basis, the 

geometry is also important. If the bed depth is shorter than one MTZ for a particular compound, 

then instantaneous breakthrough of the organic compound will occur. (Schweitzer, 1988, 

Handbook of Separation Techniques for Chemical Engineers, 2
nd

 Edition). 

In summary, activated carbon has been shown to be applicable for treatment of a wide variety of 

environmental pollutants. It is a proven technology that is simple to install and easy to operate 

and maintain. Capital costs are among the least expensive for most alternative treatment 

technologies. Operating costs are primarily related to the amount of activated carbon consumed 

in the adsorption process. 

Thermal Non-Catalytic Oxidation: Thermal non-catalytic oxidation is the process of oxidizing 

combustible materials by raising the temperature of the material above its auto-ignition point in 

the presence of oxygen, and maintaining it at high temperature for sufficient time to complete 

combustion to carbon dioxide and water. Time, temperature, turbulence (for mixing), and the 

availability of oxygen all affect the rate and efficiency of the combustion process. These factors 

provide the basic design parameters for oxidation systems (ICAC 1999, Institute of Clean Air 

Companies, Control Technology Information - Thermal Oxidation).  

  

Table 4-3.  Estimated Carbon Filter Breakthrough Times for Substances of Potential 

Concern in Stack Gases from Chemical Agent Disposal Facility Liquid Incinerator
a
 

Volatile Organic 

Compound 

Estimated Initial 

Concentration (ng/m3)
a
 

Estimated Breakthrough 

Time as Single Component
b
 

Estimated Time for Multi-

Component PFS Flue Gas
c
 

Benzene 90,000 2.4 years 14.2 hours 

Carbon tetrachloride 35,000 4.1 years 7.1 minutes 

Chloroform 22,000 2.5 years 5.7 hours 

Vinyl chloride 4,500 1.7 days 9.5 minutes 

Notes: aBed dimensions = 214 square feet, 1 foot deep, 3,030 kg of carbon 

            bCalculated based on D-R equation assuming complete saturation of filter at 135 F 

            cBased on multi-component computer model, 135 F, 67 percent relative humidity 
            Source: National Research Council, 1999  
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Typical thermal oxidation design efficiencies range from 98 to 99.99% and above, depending on 

system requirements and characteristics of the pollutants (EPA 1992; Control Techniques for 

Volatile Organic Emissions from Stationary Sources; EPA 1996, OAQPS Control Cost Manual). 

Thermal oxidation often the best choice when high efficiencies are needed and the waste gas is 

above 20% of the Lower Explosive Limit (LEL). Oxidation units, in general, are not 

recommended for controlling gases containing halogen- or sulfur-containing compounds because 

of the formation of highly corrosive acid gases. It may be necessary to install a post-oxidation 

acid gas treatment system in such cases, depending on the outlet concentration to reduce 

increased corrosion rates (EPA, 1996). Thermal incinerators are also not generally cost-effective 

for low-concentration, high-flow organic vapor streams (EPA 1995, Control and Pollution 

Prevention Options for Ammonia Emission). 

Wet Scrubber Absorption: Wet scrubber absorption is widely used as a raw material and/or 

product recovery technique in separation and purification of gaseous streams containing high 

concentrations of volatile and toxic organic compounds, especially water soluble compounds 

such as methanol, ethanol, isopropanol, butanol, acetone, and formaldehyde (Croll Reynolds 

1999, Croll Reynolds Company, Inc., web site http://www.croll.com). However, as an emission 

control technique, it is much more commonly employed for controlling inorganic gases than for 

volatile or toxic organic compounds. When using absorption as the primary control technique for 

organic vapors, the spent solvent must be easily regenerated or disposed of in an environmentally 

acceptable manner (EPA 1991, Control Technologies for Hazardous Air Pollutants). When used 

for particulate control, high concentrations can clog the bed, limiting these devices to controlling 

streams with relatively low dust loadings (EPA 1998, Stationary Source Control Techniques 

Document for Fine Particulate Matter). 

Physical absorption depends on properties of the gas stream and liquid solvent, such as density 

and viscosity, as well as specific characteristics of the pollutant(s) in the gas and the liquid 

stream (e.g., diffusivity, equilibrium solubility). These properties are temperature dependent, and 

lower temperatures generally favor absorption of gases by the solvent. Absorption is also 

enhanced by greater contacting surface, higher liquid-gas ratios, and higher concentrations in the 

gas stream (EPA, 1991). Chemical absorption may be limited by the rate of reaction, although 

the rate-limiting step is typically the physical absorption rate, not the chemical reaction rate 

(EPA, 1996). In addition, spent scrubbing waste water will be generated during unit operations 

and usually is not returned to the original system for recycle.  

Step 4: Evaluation of Most Effective Control Technologies 
To generate the data for the evaluation of the most effective control technologies for toxic 

organic compounds, an economic evaluation of the two highest ranked technologies with 

efficiencies of 99% or greater was performed. The economic evaluations, total capital and annual 

operating costs, for thermal non-catalytic oxidation and activated carbon adsorption are given in 

Table 4-4 and 4-5, respectively. 

The economic analyses included evaluation of direct and indirect capital costs (equipment and 

installation), as well as annual operating costs (utilities, labor, and maintenance costs). To 

estimate the technology equipment costs, the equipment was sized based on the flow of each 

unabated off-gas stream. The equipment cost estimates were based on EPA guidance documents 

and vendor information. Next, factors for fabrication from corrosion resistant materials were 

applied. The above costs do not include disposal of secondary waste or post-oxidation acid gas 

treatment. 
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The equipment costs used in this evaluation were obtained by NUCON International, Inc by 

obtaining quotes from suppliers (Appendix 1) and using previous experience and expertise in 

ammonia TBACT evaluations; and reviewing costs from letter 0401233/DOE-ORP: 04-ED-

057,”Submittal of Toxic Best Available Control Technology (tBACT) Determination and 

Revised Pages to Non-Radiological Notice of Construction for Operation of New Ventilation 

Systems In AN and AW Tank Farms (RPP-20774)”- Letter.  

 and 24590-WTP-RPT-ENV-01-005, Best Available Control Technology Analysis for Toxic Air 

Pollutants for the WTP (2002). Specific quote costs were given priority over the report estimated 

costs, which were 2002 and 2004 vintage, although in several cases where comparisons were 

made between estimates and quotes; the differences in cost were minor. The total annualized 

costs were based on a 10% rate of return and a 40-year facility life for activated carbon 

adsorption with treated adsorbent and a 10-year facility life for thermal non-catalytic oxidation 

due to corrosion issues mainly from halogenated organic compounds. 

Step 5: Select tBACT  
The cost/ton for removal of toxic organic compounds exceeds the cost effective threshold 

previously acceptable to Ecology. Therefore, no specific control technologies were selected for 

toxic organic compounds removal. The annualized costs are summarized in Section 8.  
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Table 4-4.  Toxic Organic Compounds -- Thermal Non-Catalytic Oxidation 

Capital and Annual Cost Summary 
Cost Item Basis Cost 

Total Capital Costs (TCC) $795,000 

Total Direct Costs $615,852  

Purchased Equipment costs 

    Equipment 

    Required Ancillary Equipment ($10/cfm) 

    Instrumentation and Control 

    Freight 

Sub-total Purchased Equipment Costs (PEC) 

 

3000 

15% of Equipment 

5% of Equipment 

 

$340,000 

$30,000 

$51,000 

$17,000 

$438,000 

Direct Installation Costs 

    Foundation & Support 

    Handling & Erection 

    Electrical 

    Piping and Duct Work 

    Insulation for Piping and Equipment 

    Painting 

Sub-Total Installation costs (IC) 

 

8% of Subtotal PEC 

14% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

2% of Subtotal PEC 

 

 

$35,040 

$61,320 

$17,520 

$17,520 

$17,520 

$8,760 

$157,680 

Site Preparation Equipment Specific $20,000 

Building Costs (Equipment footprint - ft2) Not Addressed N/A 

Total Indirect Capital Costs   $179,580 

    Engineering 

    Construction and Field Expenses 

    Start-up 

    Performance Tests 

    Contingencies 

10% of Subtotal PEC 

5% of Subtotal PEC 

10% of Subtotal PEC 

1% of Subtotal PEC 

15% of Subtotal PEC 

$43,800 

$21,900 

$43,800 

$4,380 

$65,700 

Total Annual Costs (TAC) $670,000 

Direct Annual Costs 

Utilities 

    Electricity 

    Steam 

    Water 

    Natural Gas 

    Materials/Chemicals 

Operating Expenses 

    Operator 

    Supervisor 

    Secondary Waste  

Maintenance 

    Labor 

    Materials 

 

$0.08/kWhr 

$6.00/1000 lbs 

$0.25/1000 gallons 

$5.37/MCF 

Process Specific 

 

$62.75/Hr 

15% of Operator 

$129.24/cf 

 

$62.75/Hr 

 

 

$515 

$0 

$0 

$635,056 

$0 

 

$3,263 

$498 

$0 

 

$2,510 

$680 

Indirect Annual Costs 

Overhead 

Administrative 

Insurance 

Included in Labor Costs 

2 % of TCC 

1% of TCC 

$0 

$15,905 

$7,952 

Rate of Return on Capital Investment 10% 

Service Life (years) 10 years - Due to equipment corrosion 

Capital Recovery Factor 2.84 

Annualized Capital Investment (ACI) $2,258,000 

Grand Total Annualized Costs (ACI + TAC) $2,929,000 

Tons of TOXIC ORGANIC COMPOUNDSs/year 0.48 

Annualized Cost per Ton of Toxic Organic Compounds $6,086,000 

See Appendix 1-B.  
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Table 4-5.  Toxic Organic Compounds  -- Activated Carbon Adsorption 

Capital and Annual Cost Summary 
Cost Item Basis Cost 

Total Capital Costs (TCC) $865,000 

Total Direct Capital Costs $669,536 

Purchased Equipment costs 

    Equipment 

    Required Ancillary Equipment ($10/cfm) 

    Instrumentation and Control 

    Freight 

Sub-total Purchased Equipment Costs (PEC) 

 

3000 

15% of Equipment 

5% of Equipment 

 

$373,000 

$30,000 

$55,950 

$18,650 

$477,500 

Direct Installation Costs 

    Foundation & Support 

    Handling & Erection 

    Electrical 

    Piping and Duct Work 

    Insulation for Piping and Equipment 

    Painting 

Sub-Total Installation costs (IC) 

 

8% of Subtotal PEC 

14% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

2% of Subtotal PEC 

 

 

$38,208 

$66,864 

$19,104 

$19,104 

$19,104 

$9,552 

$171,936 

Site Preparation Equipment Specific $20,000 

Building Costs (Equipment footprint - ft2) Not Addressed N/A 

Total Indirect Capital Costs  $195,816 

    Engineering 

    Construction and Field Expenses 

    Start-up 

    Performance Tests 

    Contingencies 

Total Indirect Costs 

10% of Subtotal PEC 

5% of Subtotal PEC 

10% of Subtotal PEC 

1% of Subtotal PEC 

15% of Subtotal PEC 

 

$47,760 

$23,880 

$47,760 

$4,776 

$71,640 

$195,640 

Total Annual Costs (TAC) $709,000 

Direct Annual Costs 

Utilities 

    Electricity 

    Steam 

    Water 

    Natural Gas 

    Materials/Chemicals 

Operating Expenses 

    Operator 

    Supervisor 

    Secondary Waste T&D (1/2 year carbon life) 

Maintenance 

    Labor 

    Materials 

 

$0.08/kWhr 

$6.00/1000 lbs 

$0.25/1000 gallons 

$5.37/MCF 

Process Specific 

 

$62.75/Hr 

15% of Operator 

$129.24/cf 

 

$62.75/Hr 

 

 

$0 

$0 

$0 

$0 

$0 

 

$3,263 

$489 

$420,030 

 

$8,032 

$244,400 

Indirect Annual Costs   

Overhead 

Administrative 

Insurance 

Included in Labor Costs 

2 % of TCC 

1% of TCC 

$0 

$17,307 

$8,653 

Rate of Return on Capital Investment 10% 

Service Life (years) 40 

Capital Recovery Factor 0.102 

Annualized Capital Investment (ACI) $88,000 

Grand Total Annualized Costs (ACI + TAC) $797,000 

Tons of toxic organic compoundss/year 0.48 

Annualized Cost per Ton of Toxic Organic Compounds $1,658,000 

See Appendix 1-C.  



 

  RPP-ENV-46679  Rev. 0 
 

  Page 19 

5.0 IDENTIFICATION AND EVALUATION OF EMISSION CONTROL TECHNOLOGY OPTIONS FOR 

AMMONIA 

This section covers the detailed evaluation for ammonia emissions tBACT. Ammonia emissions 

have been defined by RPP-RPT-44009 and SVF-1821. Emissions are estimated to be 72 lb/24 hr 

averaging period derived from Table 3-1 or 13 tons/year.  

Step 1: Emission Control Technologies Identified 

EPA documents present add-on control technologies used for ammonia emissions control 

(Control and Pollution Prevention Options for Ammonia Emissions, EPA-456/R-95-002). The 

add-on control technologies identified are wet scrubbers and condensation. These technologies 

are thoroughly described in the EPA references (EPA-456/R-95-002 and EPA/452/B-02-001) 

and in letter 0401233/DOE-ORP: 04-ED-057. Use of the EPA cost estimating program also 

suggests two other technologies may be considered as control technologies including activated 

carbon adsorption and thermal oxidation. The following emission control technologies have been 

identified for the destruction and/or removal of ammonia:  

 Wet scrubber absorption  
 Activated carbon adsorption with untreated adsorbent 
 Activated carbon adsorption with treated adsorbent 
 Thermal non-catalytic oxidation 
 Thermal catalytic oxidation 
 Biofiltration 
 Condensation 

Step 2: Elimination of Technically Infeasible Options 
Qualitative screening and elimination criteria were developed for the selective elimination of 

control technologies evaluated to be technically infeasible or not applicable for treatment of 

ammonia emissions from the primary ventilation system for DST farm operations. The screening 

criteria were applied for the suite of control technologies for ammonia removal and/or 

destruction listed above and are shown in Table 5-1. The identified emission control 

technologies that are technically infeasible and eliminated include: 

 Activated carbon adsorption with untreated adsorbent 
 Thermal catalytic oxidation 
 Biofiltration 
 Condensation 

Activated Carbon Adsorption with Untreated Adsorbent: Activated carbon adsorption with 

untreated adsorbent is not suitable for the DST farm source term. This is due to low adsorption 

capacity/efficiency of most commercially available adsorbents and associated at the low 

ammonia concentrations that exist in the DST farm exhaust. See Section 4.0, Activated Carbon 

Adsorption discussion, for additional details. 
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Thermal Catalytic Oxidation: Thermal catalytic oxidation can be used to reduce volatile 

organic compounds and ammonia emissions from a variety of sources. Generally high flow, low 

concentration applications are best suited to control these process units. Particulates or 

halogenated volatile organic compounds and heavy metals can clog the packed bed or poison or 

deactivate the catalyst reducing the design life of the unit. Specific poisons include halogenated 

compounds, mercury, arsenic, sulfur, sodium, and calcium. See Section 4.0, Thermal Catalytic 

Oxidation discussion, for further details. 

Biofiltration: A bio-filter consists of a bed packed with biological material, sometimes even two 

or three beds. The gas stream is lead through the filter bed where the contaminants are removed 

from the waste gas by adsorption to and absorption by the filtering material. The components are 

then decomposed by micro-organisms. The bed consists of a carrier containing biological 

material such as: compost, tree bark, coconut fibers or peat. To decrease the amount of 

acidification, calcium or dolomite is sometimes added to the packing material. At high 

concentrations of nitrogenous, sulfurous or halogenated compounds, the forming of respectively 

nitric acid, sulfuric acid and hydrochloric acid may acidify the filtering material reducing the 

overall removal efficiency of the process, thus, drastically increasing the replacement frequency 

of the filtering material.  

Condensation: Condensation technology removes pollutants from a gas stream that is saturated 

with water or warm and damp, by condensing to far below the water’s dew point. The 

condensate that forms on the heat exchanger, serves as an absorption liquid for contaminants that 

are easily dissolvable in water. The relatively large contact surface that is required for the 

exchange of heat is also used as a contact surface for the exchange of dust. After passing through 

the condenser the gas stream is 100% saturated with water and the remaining condensate drips 

are  collected with a demister, thus, the contaminants are captured and removed in the liquid 

phase. Due to the low concentration of ammonia and high moisture content of the DST farm 

emissions, the ventilation exhaust would have to be dried to lower dew points than the ammonia 

condensation temperature to prevent freezing and clogging of the condenser.  

  

Table 5-1.  Ammonia – Potential tBACT 
Control  Technology Screening Results 

1 Wet Scrubber Absorption  Acceptable 

2 Activated Carbon Adsorption with Untreated adsorbent  Eliminated 

3 Activated Carbon Adsorption with Chemically Treated Adsorbent Acceptable 

4 Thermal Non-Catalytic Oxidation Acceptable 

5 Thermal Catalytic Oxidation Eliminated 

6 Biofiltration Eliminated 

7 Condensation Eliminated 
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Step 3: Rank Remaining Control 
Technologies by Control Effectiveness 
The remaining applicable and available best 

control technologies for ammonia are shown in 

Table 5-2. All of these control technologies 

have a removal efficiency of 99% or greater and 

are ranked equally. 

Activated Carbon Adsorption with 

Chemically Treated Adsorbent: For the 

removal of ammonia, the activated carbon needs to be chemically treated with phosphoric acid 

(between 15-30 wt%) to obtain removal efficiencies of greater than 99%. The activated carbon 

acts a collection substrate while the ammonia removal takes place by a reaction between the 

ammonia and the phosphoric acid. The ammonia removal capacity under equilibrium conditions 

is near stochiometric and is related to the phosphoric acid concentration. Adsorption efficiency is 

affected by other compounds that can be adsorbed on the activated carbon but will not be 

poisoned by them.  

Removal efficiency is greater than 99% for fresh adsorbent and decreases near the stochiometric 

loading of the adsorbent. Adsorption on chemically treated activated carbon is more suitable for 

low concentrations of ammonia but it is capable of handling limited ammonia concentration 

spikes. Spent chemically treated adsorbent, while theoretically can be re-activated by thermal 

treatment, is typically disposed in landfills. See Section 4.0, Activated Carbon Adsorption 

discussion, for further details. 

Thermal Non-Catalytic Oxidation: Thermal non-catalytic oxidation is a high temperature air-

ammonia process reaction without the use of a catalyst. The destruction efficiency depends on 

the temperature of the unit operations. Greater than 99% ammonia destruction can be achieved at 

low temperature.  

This technology is also capable of handling various concentrations of ammonia in the inlet 

stream and it is not sensitive to concentration spikes. In addition, thermal non-catalytic oxidation 

is not sensitive to halogenated or metallic compounds in the inlet stream (i.e., treats and destroys 

the majority of toxic or volatile organic compounds). However, acids and dioxins will be 

generated during the destruction of halogenated organic compounds, which will contribute an 

increased corrosion rate on materials of construction, thus, shortening the design life of the 

process unit.  Oxides of nitrogen are also generated by this process, which depending on 

concentration may require additional treatment. See Section 4.0, Thermal Non-Catalytic 

Oxidation discussion, for further details. 

Wet Scrubber Absorption: Scrubber absorption is a common emission technology for 

ammonia reduction, however it is used at higher concentrations than present in defined DST 

farm source term (RPP-RPT-44009 and SVF-1821). At defined source term concentrations, the 

scrubbing liquid has to be acidified to efficiently collect the ammonia. The scrubbing liquid is 

replenished based on the conversion rate to salt and needs to be treated as secondary waste.  

  

Table 5-2. tBACT Ranking by Effectiveness  

for Control of Ammonia 

Ranking/Technology 
Removal 

Efficiency 

1a. Activated Carbon Adsorption with 

Chemically Treated Adsorbent  

>99% 

1b. Thermal Non-Catalytic Oxidation >99% 

1c. Wet Scrubber Absorption  99% 
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The spent scrubbing secondary waste water cannot be returned to the DST system and will need 

to be sent to the effluent treatment facility (ETF). The quantity of ammonium sulfate which 

would have to be treated by the ETF, based on the source term value, is in excess of 100 

tons/year and exceeds the current ETF treatment capacity. See Section 4.0, Wet Scrubber 

Absorption discussion, for further details.  

Step 4: Evaluation of Most Effective Control Technologies 
To generate the data for the evaluation of the most effective control technologies for ammonia, 

an economic evaluation of the above identified technologies applied to each unabated off gas 

stream was performed. The economic evaluations for ammonia control technologies are shown 

in the following tables:  

 Table 5-3 – Thermal non-catalytic oxidation 
 Table 5-4 – Activated carbon adsorbers with treated adsorbent 
 Table 5-5 – Wet scrubber absorption  

The economic analyses included evaluation of direct and indirect capital costs (equipment, 

installation), as well as annual operating costs (utilities, labor, and maintenance costs). To 

estimate the technology equipment costs, the equipment was sized based on the flow of each 

unabated off gas stream. The equipment cost estimates were based on EPA guidance documents 

and vendor information. Factors for fabrication from corrosion resistant materials and adaptation 

to field operations and maintenance were applied. The above costs do not include disposal of 

secondary waste or post-oxidation acid gas treatment. 

The equipment costs used in this evaluation were obtained by NUCON International, Inc by 

supporting the design and fabrication of similar facilities by obtaining quotes from suppliers 

(Appendix 1) and using previous experience and expertise in ammonia tBACT evaluations; and 

reviewing costs from letter 0401233/DOE-ORP: 04-ED-057.  Specific quote costs were given 

priority over the report estimated costs, which were 2002 and 2004 vintage, although in several 

cases where comparisons were made between estimates and quotes the differences in cost were 

minor. The total annualized costs were based on a 10% rate of return and a 40-year facility life 

for activated carbon adsorption with treated adsorbent and a 10-year facility life for thermal non-

catalytic oxidation and wet scrubber absorption due to corrosion issues mainly from halogenated 

organic compounds and sulfuric acid scrubbing liquids, respectively. 

Step 5: Select tBACT  
The $/ton for removal of ammonia exceeds the cost effective threshold previously acceptable to 

Ecology. Therefore, no specific control technologies were selected for ammonia removal. The 

annualized costs are summarized in Section 8.   
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Table 5-3.  Ammonia  -- Thermal Non-Catalytic Oxidation 

Capital and Annual Cost Summary 
Cost Item Basis Cost 

Total Capital Costs (TCC) $795,000 

Total Direct Capital Costs $615,680 

Purchased Equipment costs 

    Equipment 

    Required Ancillary Equipment ($10/cfm) 

    Instrumentation and Control 

    Freight 

Sub-total Purchased Equipment Costs (PEC) 

 

3000 

15% of Equipment 

5% of Equipment 

 

$340,000 

$30,000 

$51,000 

$17,000 

$438,000 

Direct Installation Costs 

    Foundation & Support 

    Handling & Erection 

    Electrical 

    Piping and Duct Work 

    Insulation for Piping and Equipment 

    Painting 

Sub-Total Installation costs (IC) 

 

8% of Subtotal PEC 

14% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

2% of Subtotal PEC 

 

 

$35,040 

$61,320 

$17,520 

$17,520 

$17,520 

$8,760 

$157,680 

Site Preparation Equipment Specific $20,000 

Building Costs (Equipment footprint - ft2) Not Addressed N/A 

Total Indirect Capital Costs  $179,580 

    Engineering 

    Construction and Field Expenses 

    Start-up 

    Performance Tests 

    Contingencies 

10% of Subtotal PEC 

5% of Subtotal PEC 

10% of Subtotal PEC 

1% of Subtotal PEC 

15% of Subtotal PEC 

$43,800 

$21,900 

$43,800 

$4,380 

$65,700 

Total Annual Costs (TAC) $666,000 

Direct Annual Costs 

Utilities 

    Electricity 

    Steam 

    Water 

    Natural Gas 

    Materials/Chemicals 

Operating Expenses 

    Operator 

    Supervisor 

    Secondary Waste T&D (1/2 year carbon life) 

Maintenance 

    Labor 

    Materials 

 

$0.08/kWhr 

$6.00/1000 lbs 

$0.25/1000 gallons 

$5.37/MCF 

Process Specific 

 

$62.75/Hr 

15% of Operator 

$129.24/cf 

 

$62.75/Hr 

 

 

$515 

$0 

$0 

$635,056 

$0 

 

$3,263 

$489 

$0 

 

$2,510 

$680 

Indirect Annual Costs 

Overhead 

Administrative 

Insurance 

Included in Labor Costs 

2 % of TCC 

1% of TCC 

$0 

$15,905 

$7,952 

Rate of Return on Capital Investment 10% 

Service Life (years) 10 years - Due to equipment corrosion  

Capital Recovery Factor 2.84 

Annualized Capital Investment (ACI) $2,258,000 

Grand Total Annualized Costs (ACI + TAC) $2,924,000 

Tons of Ammonia/Year 13.12 

Annualized Cost per Ton of Ammonia $223,000 

See Appendix 1-B.  
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Table 5-4.  Ammonia  -- Activated Carbon Adsorbers with Treated Adsorbent 

 Capital and Annual Cost Summary 
Cost Item Basis Cost 

Total Capital Costs(TCC) $929,000 

Total Direct Capital Costs $718,496 

Purchased Equipment costs 

    Equipment 

    Required Ancillary Equipment ($10/cfm) 

    Instrumentation and Control 

    Freight 

Sub-total Purchased Equipment Costs (PEC) 

 

3000 

15% of Equipment 

5% of Equipment 

 

$403,000 

$30,000 

$60,450 

$20,150 

$513,600 

Direct Installation Costs 

    Foundation & Support 

    Handling & Erection 

    Electrical 

    Piping and Duct Work 

    Insulation for Piping and Equipment 

    Painting 

Sub-Total Installation costs (IC) 

 

8% of Subtotal PEC 

14% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

2% of Subtotal PEC 

 

 

$41,088 

$71,904 

$20,544 

$20,544 

$20,544 

$10,272 

$184,896 

Site Preparation Equipment Specific $20,000 

Building Costs (Equipment footprint - ft2) Not Addressed N/A 

Total Indirect Capital Costs $210,576 

    Engineering 

    Construction and Field Expenses 

    Start-up 

    Performance Tests 

    Contingencies 

10% of Subtotal PEC 

5% of Subtotal PEC 

10% of Subtotal PEC 

1% of Subtotal PEC 

15% of Subtotal PEC 

$51,360 

$25,680 

$51,360 

$5,136 

$77,040 

Total Annual Costs (TAC) $5,052,000 

Direct Annual Costs 

Utilities 

    Electricity 

    Steam 

    Water 

    Materials/Chemicals 

Operating Expenses 

    Operator 

    Supervisor 

    Secondary Waste T&D (1/2 year carbon life) 

Maintenance 

    Labor 

    Materials 

 

$0.08/kWhr 

$6.00/1000 lbs 

$0.25/1000 gallons 

Process Specific 

 

$62.75/Hr 

15% of Operator 

$129.24/cf 

 

$62.75/Hr 

 

 

$0 

$0 

$0 

$0 

 

$3,263 

$489 

$2,584,800 

 

$56,224 

$2,380,000 

Indirect Annual Costs   

Overhead 

Administrative 

Insurance 

Included in Labor Costs 

2 % of TCC 

1% of TCC 

$0 

$18,581 

$9,290 

Rate of Return on Capital Investment 10% 

Service Life (years) 40 

Capital Recovery Factor 0.102 

Annualized Capital Investment (ACI) $95,000 

Grand Total Annualized Costs (ACI + TAC) $5,147,000 

Tons of Ammonia/year 13.12 

Annualized Cost per Ton of Ammonia $392,000 

See Appendix 1-C.  
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Table 5-5.  Ammonia  -- Wet Scrubber Adsorption 

Capital and Annual Cost Summary 
Cost Item Basis Cost 

Total Capital Costs (TCC) 2,619,000 

Total Direct Capital Costs $2,017,568 

Purchased Equipment costs 

    Equipment 

    Required Ancillary Equipment ($10/cfm) 

    Instrumentation and Control 

    Freight 

Sub-total Purchased Equipment Costs (PEC) 

 

3000 

15% of Equipment 

5% of Equipment 

 

$1,224,000 

$0 

$183,600 

$61,200 

$1,468,800 

Direct Installation Costs 

    Foundation & Support 

    Handling & Erection 

    Electrical 

    Piping and Duct Work 

    Insulation for Piping and Equipment 

    Painting 

Sub-Total Installation costs (IC) 

 

8% of Subtotal PEC 

14% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

2% of Subtotal PEC 

 

 

$117,504 

$205,632 

$58,752 

$58,732 

$58,732 

$29,376 

$528,768 

Site Preparation Equipment Specific $20,000 

Building Costs (Equipment footprint - ft2) Not Addressed N/A 

Total Indirect Capital Costs  $602,208 

    Engineering 

    Construction and Field Expenses 

    Start-up 

    Performance Tests 

    Contingencies 

10% of Subtotal PEC 

5% of Subtotal PEC 

10% of Subtotal PEC 

1% of Subtotal PEC 

15% of Subtotal PEC 

$146,880 

$73,440 

$146,880 

$14,668 

$220,320 

Total Annual Costs (TAC) $143,000 

Direct Annual Costs 

Utilities 

    Electricity 

    Steam 

    Water 

    Materials/Chemicals 

Operating Expenses 

    Operator 

    Supervisor 

    Secondary Waste T&D in excess of EFF capacity 

(cannot be directly calculated but is very high) 

Maintenance 

    Labor 

    Materials 

$0.08/kWhr 

$6.00/1000 lbs 

$0.25/1000 gallons 

Process Specific 

 

$62.75/Hr 

15% of Operator 

$129.24/cf 

 

$62.75/Hr 

 

$0 

$0 

$10,000 

$50,000 

 

$3,263 

$489 

$0 

 

$753 

$204 

Indirect Annual Costs 

Overhead 

Administrative 

Insurance 

Included in Labor Costs 

2 % of TCC 

1% of TCC 

$0 

$52,395 

$26,197 

Rate of Return on Capital Investment 10% 

Service Life (years) 10 years - Based on corrosion issues in a wet environment 

Capital Recovery Factor 2.84 

Annualized Capital Investment (ACI) $7,450,000 

Grand Total Annualized Costs (ACI + TAC) 7,583,000 

Tons of Ammonia/year 13.12 

Annualized Cost per Ton of Ammonia $517,000 

See Appendix 1-D.  
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6.0  IDENTIFICATION AND EVALUATION OF EMISSION CONTROL TECHNOLOGY OPTIONS FOR 

MERCURY COMPOUNDS 

This section covers the detailed tBACT evaluation for mercury and related compounds including 

dimethyl mercury for the DST farm system. Mercury and related compound emissions have been 

evaluated and defined by RPP-RPT-44009 and SVF-1821. Dimethyl mercury is the only 

compound identified exceeding its ASIL limit (1.00E-99 µg/m³). The maximum off-site 

concentration for dimethyl mercury is estimated to be 3.23E-8 µg/m³,   with a corresponding 

release rate of 5.40E-7 tons/year (derived from Table 3-1).   

Step 1: Emission Control Technologies Identified for Mercury Compounds 
The following emission control technologies have been identified for mercury compounds 

including dimethyl mercury: 
 Wet scrubber Absorption. 
 Powdered Carbon Injection 
 Powdered Carbon Injection with chemically treated carbon 
 Fixed Carbon Beds 
 Fixed  Carbon Beds with chemically treated carbon 
 Depleted Brine Scrubbing 
 Selenium Filters 
 Gold Amalgamation 

Step 2: Elimination of Technically Infeasible Options 
Qualitative screening and elimination criteria were developed for the selective elimination of 

control technologies evaluated to be technically infeasible or not applicable for treatment of 

mercury compounds, including dimethyl mercury, emissions from the primary ventilation system 

of the DST farm operations. The screening criteria for applicability were applied to the control 

technologies listed above and are shown in Table 6-1. All identified control technologies except 

for one has been eliminated for the removal of mercury compounds. The primary reason for 

elimination of these technologies is due to they have not been proven at a sufficient scale and 

irresolvable technical difficulties. A brief description of each of each control technology is given 

below:  

 

  

Table 6-1.  Mercury Compounds – Potential tBACT  
Control  Technical Description Screening Results 

1 Wet scrubber Absorption Eliminated 

2 Powdered Carbon Injection Eliminated 

3 Powdered Carbon Injection with chemically treated carbon Eliminated 

4 Fixed Carbon Beds Eliminated 

5 Fixed Carbon Beds with chemically treated carbon Applicable 

6 Depleted Brine Scrubbing Eliminated 

7 Selenium Filters Eliminated 

8 Gold Amalgamation Eliminated 
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Wet Scrubber Absorption: Wet scrubbing, requires highly reactive sulfur containing additives 

in the scrubbing liquor and has reasonable efficiency for water soluble mercury compounds only. 

It has been applied on some coal fired power plants where the primary purpose of the scrubbing 

is acid gas removal. There is no chemical reason or any experimental data indication to expect 

that organic mercury compounds can be removed. For example, dimethyl mercury, an organic 

mercury compound, is not water soluble and is not applicable for wet scrubbing abatement 

technologies.  Extensive waste liquid disposal or collection and treatment are required to support 

this technology. See Section 5.0, Wet Scrubber Absorption discussion, for further details. 

Powdered Carbon Injection: Powdered carbon injection is an existing control technology for 

power plants where powdered carbon is injected into the flue gas and reacts with mercury both in 

the gas phase and upon deposition in the particulate collecting bag-house of the power plant. It 

can be considered only when bag-house collectors are installed downstream and the carbon is 

continually injected and removed in conjunction with the ash collected in the bag-house. 

Mercury removal efficiencies have been cited between 50 - 70% for elemental mercury. 

Powdered Carbon Injection with Treated Carbon: Powdered Carbon Injection with 

chemically treated carbon, is a variation of the above process, resulting in somewhat higher 

mercury removal efficiency at an increased carbon cost and commensurate corrosion problems 

from the typical additive bromine.  

Fixed Carbon Beds with Untreated Carbon: Fixed carbon beds are used in several 

applications for mercury vapor control, but their use has been almost completely superseded by 

the use of chemically treated carbon in the fixed beds. The mercury is only physically adsorbed 

on untreated activated carbon and migrates through the adsorbent bed according to the mass 

transfer conditions in the fixed bed. Untreated carbon is more sensitive to the presence toxic 

organic compounds and inorganic vapors than the treated carbons. (EPA-452-R-R7-010, 

Mercury Study Report to Congress, Volume VIII:  An Evaluation of Mercury Control 

Technologies and Costs, December 1997 and EG&G-2008-EERC-01-02, EG&G Carbon 

Evaluation for Mercury Removal) 

Depleted Brine Scrubbing: Depleted brine scrubbing is applicable only to chlor-alkali plants 

where the brine is one of the flow streams. This technology is not applicable and is not used in 

the other applications. 

Selenium Filters: Selenium on adsorbent based filters was eliminated due to selenium being a 

toxic material. Sulfur on adsorbents is equally reactive without the additional toxic hazards and 

is lower in cost. 

Gold Amalgamation: Gold amalgamation is not an industrial process and has only been applied 

in mercury concentration measuring instruments only. There is no commercial or industrial 

destruction or removal application for this process  Sjostrom, et.al, EPA, “Development and 

Demonstration of Mercury Control by Adsorption Processes (MerCAP
TM1

).”  

  

                                                 
1
 MerCAP

TM 
is a Trademark of Lesman Instrument Company, Bernice, Illonois 
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Step 3: Rank Remaining Control Technologies by Control Effectiveness 
Effectiveness is defined by the ability of the control technology to reduce the post treatment 

emission rate for dimethyl mercury. The only control technology found to be applicable for 

mercury (including dimethyl mercury) control is fixed carbon beds with chemically treated 

activated carbon.  

Carbon, that is chemically treated with sulfur or iodine, can remove mercury compounds.  The 

most common in industrial applications is the sulfur impregnation of the carbon and is used in 

similar composition and size off gas control in the U.S. (e.g., chemical weapons incineration off 

gas mercury control, mixed waste incinerator off gas control, nuclear waste melter off gas 

control, petrochemical processing). In these applications, the impregnated activated carbon 

(IAC) is placed in a fixed bed, either vertically or horizontally and used until the exhaustion of 

the IAC. The life of the IAC is dependent on total mercury inlet concentration.  

Several laboratory, pilot and full scale tests have been performed with varying degrees of inlet 

mercury concentrations in air, in natural gas, and with organic compounds present in the off-

gases of melters, incinerators and other gaseous waste treatment facilities. [INEEL/CON-97-

01225 1997, Mercury Emissions Control Technologies for Mixed Waste Thermal Treatment 

(1997); INEEL/CON-00-01332 2001, Removal of Mercury from the Off-Gas from Thermal 

Treatment of Radioactive Liquid Wastes (2001)]. One of the common IACs is MERSORB®
2
 for 

which additional test reports are also attached. (Appendix 2)  

Impregnated Activated Carbon mercury vapor abatement technologies are mature and have been 

successfully used for the control of effluents and emissions in both nuclear and military 

applications. The nuclear application typically treats radioactive waste melter effluents and 

incineration off gases from processes such as the THOR® Process
3
 [Soelberg, et al, IT3 2007 

Conference, Off-Gas Mercury control using Sulfur Impregnated Activated Carbon – Test 

Results, (May 2007)]. The military applications consist primarily of the effluent control from 

chemical agent destruction either by thermal or chemical processes.  

Several of the tests reported in the MERSORB® Bulletin were performed using radioactive 

mercury (
159

Hg). Comparing the total mercury decontamination results between the air gas 

carrier  and natural gas carrier gas streams indicates that the total mercury removal was better 

from the natural gas stream, where organic mercury could form from the air stream. The manner, 

in which the tests were run, would have indicated different movement of mercury species by dual 

radioactivity peaks. No movement of mercury species were observed for long-term test data 

generated under chemical agent incineration condition air flows and operations. 

There are also reports showing that dimethyl mercury in the presence of methanol decomposes to 

methane and elemental mercury [Wongkasemjit, Laboratory Study of Corrosion Effect of 

Dimethyl Mercury on Natural Gas Processing Equipment (2000)]. Considering that the methanol 

flux in the gas stream is about six orders of magnitude higher than the dimethyl mercury flux, it 

is expected that during adsorption treatment of both compounds through the IAC bed, it would 

give sufficient contact time to decouple the mercury from the methyl group. 

In addition, the Washington State Department of Ecology evaluated mercury and dimethyl 

mercury releases from several landfills. [Prestbo, Determination of Total and Dimethyl Mercury 

                                                 
2
 MERSORB is a registered trademark of Nucon International, Columbus, OH 

3
 THOR is a trademark of THOR Treatment Technologies, Richland, WA 
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in Raw Landfill Gad with Site Screening for Elemental Mercury at Eight Washington State 

Landfills for the Washington State Department of Ecology )July 2003)] The sampling train 

which used an untreated carbon substrate without impregnation, preferentially adsorbed dimethyl 

mercury to elemental mercury.  

Under the current Ecology regulations, evaluation of dimethyl mercury abatement systems is 

triggered at levels over 1.00E-99. 

The landfill study, cited above, used the best available detection method and resulted in a 

dimethyl mercury analysis above 20 ng/m3.  This resulted in a reasonable relative standard 

deviation (RSD) of ~10 %. Below 2 ng/m3 the RSD increased to above 80%. Based on this 

report, in a similar gas stream matrix, the minimum reliable detection limit for dimethyl mercury 

is 10 ng/m3 or 110E-2 µg/m³.  

Step 4: Evaluation of Most Effective Control Technologies 
On the basis of the above, the only available, proven technology for total mercury control, even 

in the presence of dimethyl mercury, is treatment of the gas stream by IAC. The sizing, costing 

and operating costs are based on one of the IACs MERSORB®. The economic evaluations, total 

capital and annual costs, are shown in Table 6-2. 

The economic analyses included evaluation of direct and indirect capital costs (e.g., equipment, 

installation), as well as annual operating costs (e.g., utilities, labor, and maintenance costs). To 

estimate the technology equipment costs, the equipment was sized based on the flow of each 

unabated off-gas stream. The equipment cost estimates were based on EPA guidance documents 

and vendor information. Next, factors for fabrication from corrosion resistant materials and 

adaptation to radioactive environment operations and maintenance were applied. The above costs 

do not include disposal of secondary waste or post-oxidation acid gas treatment. 

The equipment costs used in this evaluation were obtained by NUCON International, Inc. who 

owns MERSORB® technology.  The total annualized costs were based on a 10% rate of return 

and a 40-year facility life and a 10% rate of return on capital for mercury compounds including 

dimethyl mercury emissions control.  

Step 5: Select tBACT  
The cost/ton for removal of mercury and mercury related compounds exceeds the cost effective 

threshold previously acceptable to Ecology. Therefore, no specific control technologies were 

selected for mercury and mercury related compounds removal. The annualized costs are 

summarized in Section 8.   
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Table 6-2.  Mercury and Mercury Related Compounds – 

 Fixed Carbon Beds with Chemically Treated Adsorbent 

tBACT Control Technology – Capital and Annual Cost Summary 
Cost Item Basis Cost 

Total Capital Costs (TCC) $598,000 

Total Direct Capital Costs $463,904 

Purchased Equipment costs 

    Equipment 

    Required Ancillary Equipment ($10/cfm) 

    Instrumentation and Control 

    Freight 

Sub-total Purchased Equipment Costs (PEC) 

 

3000 

15% of Equipment 

5% of Equipment 

 

$247,000 

$30,000 

$37,050 

$12,350 

$326,400 

Direct Installation Costs 

    Foundation & Support 

    Handling & Erection 

    Electrical 

    Piping and Duct Work 

    Insulation for Piping and Equipment 

    Painting 

Sub-Total Installation costs (IC) 

 

8% of Subtotal PEC 

14% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

4% of Subtotal PEC 

2% of Subtotal PEC 

 

 

$26,112 

$45,696 

$13,056 

$13,056 

$13,056 

$6,528 

$117,504 

Site Preparation Equipment Specific 20,000 

Building Costs (Equipment footprint - ft2) Not Addressed N/A 

Total Indirect Capital Costs  $133,824 

    Engineering 

    Construction and Field Expenses 

    Start-up 

    Performance Tests 

    Contingencies 

10% of Subtotal PEC 

5% of Subtotal PEC 

10% of Subtotal PEC 

1% of Subtotal PEC 

15% of Subtotal PEC 

$32,640 

$16,320 

$32,640 

$3,264 

$48,960 

Total Annual Costs (TAC) $33,000 

Total Annual Direct Costs 

Utilities 

    Electricity 

    Steam 

    Water 

    Materials/Chemicals 

Operating Expenses 

    Operator 

    Supervisor 

    Secondary Waste T&D (1/2 year carbon life) 

Maintenance 

    Labor 

    Materials 

 

$0.08/kWhr 

$6.00/1000 lbs 

$0.25/1000 gallons 

Process Specific 

 

$62.75/Hr 

15% of Operator 

$129.24/cf 

 

$62.75/Hr 

 

 

$0 

$0 

$0 

$0 

 

$3,263 

$489 

$4,061 

 

$401 

$4,675 

Total Annual Indirect Costs 

Overhead 

Administrative 

Insurance 

Included in Labor Costs 

2 % of TCC 

1% of TCC 

$0 

$11,954 

$5,977 

Rate of Return on Capital Investment 10% 

Service Life (years) 40 

Capital Recovery Factor 0.102 

Annualized Capital Investment (ACI) $61,000 

Grand Total Annualized Costs (ACI + TAC) $94,000 

Tons of Mercury Compounds/Year  0.000261 

Annualized Cost per Ton of Mercury and Mercury Related Compounds $361,867,000 

See Appendix 1-C.  
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7.0 IDENTIFICATION AND EVALUATION OF EMISSION CONTROL TECHNOLOGY OPTIONS FOR 

PARTICULATE METAL COMPOUNDS  

This section covers the detailed tBACT evaluation for non-mercury metal compounds for the 

DST farm system. Several of the non-mercury metal compounds have emissions above the de 

minimis levels. [RPP-RPT-44009  and SVF-1821 and are summarized in Table 7-1. These 

compounds will be present in particulate form as metals or metal salts. 

WAC 173-480-060, Emission Standards for New and Modified Emission Units and WAC 246-

247-040, Radiation Protection – Air Emissions state that  a BARCT for radionuclides 

(particulates) is required and that, at a minimum, a filter train consisting of prefilters, mist 

eliminators, and dual HEPA filters must be employed. Since these technologies have already 

been evaluated for radionuclides, they will control emissions of particulate metal compounds 

identified in Table 7-1. No further technology selection or evaluation steps were performed 

except for the evaluation of the radiological control required filtering components efficiency for 

these pollutants. 

The individual technology components in-place stage efficiencies of  two exhauster trains 

required by WAC 173-480-060 are: Mist Eliminator - 99%; Prefilter - 80%; and HEPA Filtration 

each stage 99.95 %. This combination results in higher than 99.99% combined removal 

efficiency, but a conservative removal efficiency value of 99.99% is used. The efficiencies listed 

for HEPA filters are based on the 0.1-0.3 micrometer size, least filterable, particle size range. 

The efficiency for this type of HEPA filter is higher for both smaller and larger particle sizes. 

The combination of the above listed particulate metal compounds control technologies achieve a 

combined removal efficiency of 99.99% (in-place), when assembled according to ASME/ANSI 

N-509 Standard and have components that meet ASME AG-1 Code: Section FA (mist 

eliminators), Section FB (pre-filters), and Section FC (HEPA filters). This combination of air 

cleaning control technology components is currently required for primary ventilation of DST 

farms. Therefore, no further tBACT evaluations are required for particulate metal compounds. 

This set of control technologies are credited by a decontamination factor (DF) of 10,000 for the 

above listed particulate metal compounds TAPs, which brings all of these untreated TAP 

concentrations to the following treated values.  

Justification of the 99.99% mass based removal of metal aerosols: The existing and proposed 

DST farm Air Cleaning Unit (ACU) consists of particle removal components: demister (mist 

agglomerator); prefilter; HEPA filter 1; and HEPA filter 2. 

 

  

Table 7-1. Particulate Concentrations 
Particulate Concentration (µg/m³) 

Arsenic (particulate form only; excludes hydrides) 1.69E-06 

Beryllium 8.46E-08 

Cadmium 8.46E-07 

Chromium 2.59E-06 

Cobalt 5.14E-05 

Manganese 5.14E-05 
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These elements remove various size aerosols at the currently accepted efficiency of: 

 Demister  99 % liquid droplets by mass minimum and 99% minimum for 5-10 micron range 
 Pre-Filter  ~ 30-80% Atmospheric dust depending on type 
 1

st
 HEPA Filter  99.97% Hot DOP minimum at 0.3 micron (AMAD size) 

 2
nd

 HEPA Filter  99.97% Hot DOP minimum at 0.3 micron (AMAD size) 

The above listed efficiencies are all based on single component efficiencies. The same 

efficiencies may not be true when applied to a system containing multiple components. 

Components that are installed in a “filter train” may have installation irregularities, in-place 

testing occurs using heterogeneous aerosol particles with a median diameter of 0.7 microns, and 

thus, each single bank installed HEPA filter leak tightness has to be a minimum of 99.95%. 

These qualifications and in place tests are not “mass based” with the exception of mist eliminator 

which has a required mass basis a minimum of 99% efficiency. 

The HEPA filters are qualification tested with 0.3 micron liquid aerosol droplets (DOP, 

Polyolefin, etc). The particle removal efficiency of the HEPA filters is higher for both larger and 

smaller aerosol sizes as shown on Figure 7-1. (Vendel 2009, NEA/CSNI/R 2009). The typical 

metal and metal oxide aerosols are heterogeneous in distribution and typically larger than the 

minimum efficiency filterable 0.3 micron. (Bowling 1941, Lujaniene 1995, Ogordkinov 2004, 

Papastefanos 2009). The removal efficiency for multiple banks HEPA filters while difficult to 

determine using the conventional DOP aerosol test method (due to inadequate test aerosol after 

the first stage) has been determined using radioactive aerosols. For example, a 0.22-0.66 micron 
238

PuO2 aerosol resulted in a DF of 1.88E12 to 1.7E13 and for three HEPA filters in series the 

DF was from 2.1E12 to 4.7E13 [(Gonzales, Performance of Multiple HEPA Filters against 

Plutonium Aerosols (1974); Linck, In-Place Testing of Multiple Stage HEPA Filter Plenums 

(1974)] 

In this evaluation, the decontamination credit of 99.99 % by mass (DF of 10E4) for the metal 

aerosol compounds is assigned to the combination of a moisture separator, a prefilter and two 

HEPA filters in series when built according to the ASME AG-1 Code and in place tested 

according to ASME/ANSI N-510 (i.e. each HEPA stage in place tested individually). This 

combined mass removal efficiency can be achieved solely by the combined filtration efficiency 

of the above listed air cleaning elements without including the additional removal of the water 

droplet scrubbing of these aerosols on the mist eliminator. 
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Figure 7-1. Filter Penetration Versus Particle Size  
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8.0 TBACT RECOMMENDATION 

After detailed evaluation of the four TAPs and/or groups of TAPs and the effectiveness and costs 

of emission control technologies for each, a $/ton was determined to implement a control 

technology as identified in Table 8-1. All of the identified technologies were eliminated because 

their cost per ton exceeded the cost ceiling guidelines previously approved by Ecology and EPA 

as economically unjustifiable. Although the evaluated technology would remove 98-99% of the 

pollutants, the cost of the abatement becomes prohibitive on a per ton basis due to the low 

emission rates.   

Based on the results of this tBACT evaluation, the proposed tBACT control technology for the 

DST primary ventilation systems consists of a moisture de-entrainer, pre-heater, pre-filters, and a 

HEPA filtration system in the treatment train. 

 

Table 8-1.  Total Annualized Costs of Abatement Technologies, Emissions per Year, and the Cost of 

Removal per Ton Compared to the Ceiling Cost Effectiveness Threshold. 

 

Total 

Annualized 

Costs ($/year) 

Emissions per 

Year (tons) 
Annual Cost of 

Removal 

($/ton)
a 

Ceiling Cost 

Effectiveness 

Threshold ($/ton)
b 

Ammonia     

   Thermal Non-Catalytic Oxidizer $2,925,000 13 $223,000 $105,000 

   Activated Carbon Adsorption $5,148,000 13 $392,000 $105,000 

   Scrubber $7,583,000 13 $583,000 $105,000 

Toxic Organic Compounds     

   Thermal Non-Catalytic Oxidizer  $2,925,000 0.48 $6,093,000 $105,000 

   Activated Carbon Adsorption $797,000 0.48 $1,661,000 $105,000 

Mercury and Mercury Related 

Compounds 
    

   Activated Treated Carbon 

Adsorption 
$94,000 2.6E-04 $363,185,000 $105,000 

Particulate Metal Compounds  Particulate metal compounds  are removed by the required particulate filtration train 
for removal of radionuclides at a 99.99% removal rate. 

Notes:   
b
Cost of Removal equals the Total Annualized Cost ($/year) divided by the Emissions per Year (tons). 

c
See Section 2, tBACT Methodology, for a detailed discussion. 
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Appendix A 

 

The cost basis used to generate the data for each of the cost estimates for toxic organic 

compounds, ammonia, and mercury and mercury related compound were developed using 

previous experience and expertise in ammonia BACT evaluations; and reviewing costs from 

letter 0401233/DOE-ORP: 04-ED-057 and 24590-WTP-RPT-ENV-01-005, Best Available 

Control Technology Analysis for Toxic Air Pollutants for the WTP (2002). Specific quote costs 

were given priority over the report estimated costs, which were 2002 and 2004 vintage, although 

in several cases where comparisons were made between estimates and quotes; the differences in 

cost were minor. In addition, equipment cost estimates were based on EPA guidance documents 

and vendor information. Factors for fabrication from corrosion resistant materials were applied 

when necessary. Cost estimates do not include disposal of secondary waste or potential post-

treatment gas treatment. 
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Appendix 1-A  Thermal Oxidizer Cost Estimates 
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Appendix 1-B  Thermal Non-Catalytic Cost Estimates 
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Appendix 1-C  Adsorber Costs  
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Appendix 1-D 

Wet Caustic Scrubber Cost Estimate 
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Appendix 2 

MERSOB® Mercury Adsorbents NUCON Bulletin 11B28, August 2004 
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