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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. 

0 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-OO 1. 

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 l - 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. 

Toxic Organic Compounds 
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aCost of Removal equals the Total Annualized Cost ($/year) divided by the Emissions per Year (tons). 
hSee Section 2, tBACT Methodology, for a detailed discussion. 
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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 
ft3/min (standard) and maximum 3,000 ft3/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 ifthere 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. 

W AC-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 l - Identify all available control technologies for each pollutant subject to review. 
• Step 2 - Eliminate all technically infeasible control technologies. 
e 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 DEOSNWP-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 DEOSNWP-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 
andlO to demonstrate this tBACT adjustment described above. 

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

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. 
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Table 2-2. ,\SIL Based Cost Fal'lor C:1k11lations for Compounds Ahu\l' Dt J\Jinimis Thresholds 

:t, ,,,~,,;\'\~'''' z~ 

;:_;-'~'.~<;~:~,;<;;,_ ' 

Carbon Tetrachloride 0.0238 6.1 

Dichloromethane 

E.e oxide 0.0114 6.4 

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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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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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 HEP A 
filters. The prefilter removes the large particulates and reduces the load on the HEP A filters. 

Ooub~e-SheH 
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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 
HEP A filters. It is located downstream of the HEP A 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 W AC-173-460-150, Table of ASJL, 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 he'adspace 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 of26]. 

• 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 W AC-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 vVith Emissions Above De Minimis Rates 

Ammonia 7664-41-7 24-br 7.19E+Ol 0.465 

1,1,2,2-Tetrachloroethane 79-34-5 Year l.95E+Ol 0.165 

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

Na hthalene 91-20-3M Year 3.41E-Ol 0.282 

n-Nitrosodimeth !amine 62-75-9 Year 6.94E+Ol 0.00208 

n-Nitrosodi-n-prop~lamine 621-64-7 Year 5.08E-02 0.0048 

6.40E-05 

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 ofTAPs 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. 

Table -l-1. ·1 o\.ic Organic Com rnu1Hls - Potential tBACT 
«~lY&ur:n·"l'leil\lltl~~ii~·:ir'~~,"~·"···:· iH'' ·'.:c;"":''·'·,~·1~;;1~··,•:",." I;:~·:: ;7""~''iiJJfi1lbltglltlllilf(i'.'r··;:';\+''i't;-·~r~r;:·-,c::~'·.·· 

1 Activated Carbon Adsorption Applicable 
2 · ~~~~~11trll~~1f7l"~1am"~n: Ar~i1m~' · 
3 Thermal Catalytic Oxidizer Eliminated 
4 'Flie1'll!W'M6\ll€~tlll¥if'c: ox:t!fation. ~P:ii1t~a&1~: .. · 

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. 
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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 a given TAP or group of 
TAPs. The short list oftBACT technologies for 

Tahk -1-2. tBACT Ranking b) Effedh eness 
for Control of Toxic Organic Compounds 

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. 

la. Activated Carbon 
Adsorption 

3. Wet Scrubber Absorption 

99% 

70-90% 

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. 
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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 
O.lwt% 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. 

Page 13 

87 of 180 



TOC-ENV-NOC-5241 

~ washingtonriver 
~ protectionso/utions 

7/28/2015 - 2:42 PM 

TOC-ENV-NOC-5241 REV OOA 

RPP-ENV-46679 Rev. 1 

Table -1-3. Estimated C:trhon Filter Breakthrough Times for Suhst;rnces of Poll'ntial Concern in 
Stack Cases from Chemical ,\gl'nt Disposal Facilit~ Liquid Incinerator 

Benzene 90,000 2.4 years 

Chloroform 22,000 2.5 years 

Notes: •sed dimensions= 214 square feet, 1 foot deep, 3,030 kg of carbon 
hCalculated based on D-R equation assuming complete saturation of filter at 135°F 
"Based on multi-component computer model, 135°F, 67 percent relative humidity 
Source: National Research Council, 1999 

14.2 hours 

5.7 hours 

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, 2nd 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). 
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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 (BP A 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 
(BP A, 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. 

Page 15 

89of180 



TOC-ENV-NOC-5241 

~ washingtonriver 
W-11J1 protectionso/utions 

7/28/2015 - 2:42 PM 

TOC-ENV-NOC-5241 REV OOA 

RPP-ENV-46679 Rev.1 

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 ofretum 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 -1--1. Toxic Organic Compounds -- Thermal Non-Cata I~ tic Oxidation Capital and Annual 
Cost Summ;ll') 

Total Capital Costs (TCC) 
Total Direct Costs 

Purchased Equipment costs 
Equipment 
Required Ancillary Equipment ($10/cfm) 
Instrumentation and Control 
Freight 

Sub-total Purchased Equipment Costs (PEC) 
Direct lnstaliation Costs 

Foundation & Support 
Handling & Erection 
Electrical 
Piping and Duct Work 
Insulation for Piping and Equipment 
Painting 

Sub-To~l lnstalla,tion costs QC) 
Site Preparation 
Buil<,\i!lg Costs (Equipment footprint - ft2) 
Total Indirect Capital Costs 

Engineering 
Construction and Field Expenses 
Start•up 
Performance Tests 
Contingencies 

Total Annual Costs 

3000 
15% of Equipment 
5% of Equipment 

8% of Subtotal PEC 
14% ofSubtotalPEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
2% of Subtotal PEC 

Equipment Sp~cific 
Not Addressed 

10% of Subtotal PEC 
5% of Subtotal PEC 
10% of Subtotal PEC 
1 % of Subtotal PEC 
15% of Subtotal PEC 

Annualized Cost per Ton of Toxic Organic Compounds 
See Appendix 1-B. 

$795,000 
$615,680 

$340,000 
$30,000 
$51,000 
$17;000 
$438,000 

$35,040 
$61,320 
$17,520 
$17,520 
$17,520 
$8,760 
.$157,680 
$20,000 
Nii\ 
$179,580 
$43,800 
$21,900 
$43,800 
$4,380 
$65,700 
$666,000 

$6,081,000 
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Total Capital Costs (TCC) 
Total Direct Capital Costs 

Purchased Equipment costs 
Equipment 
Required Ancillary Equipment ($10/cfin) 
Instrumentation and Control 
Freight 

Sub-total Purchased Equipment Costs (PEC) 
Direct Installation Costs 

Foundation & Support 
Handling & Erection 
Electrical 
Piping and Duct Work 
Insulation for Piping and Equipment 
Painting 

Sub" Total Installation costs (IC) 
Site Preparation 
Building Costs (Equipment footprint - ft2) 
Total Indirect Capital Costs 

Engineering 
Construction and Field Expenses 
Start-up 
Performance Tests 
Contingencies 

Total Indirect Costs 

Total Annual Costs 
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3000 
15% of Equipment 
5% of Equipment 

8% of Subtotal PEC 
14% of Subtotal PEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
2% of Subtotal PEC 

Equipment Specific 
Not Addressed 

10% of Subtotal PEC 
5% of Subtotal PEC 
10% of Subtotal PEC 
1 % of Subtotal PEC 
15% of Subtotal PEC 

Annualized Cost per Ton of Toxic Organic Compounds 
See Appendix 1-C. 
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$865,000 
$669,536 

$373,000 
$30,000 
$55,950 
$18,650 
$477,600 

$38,208 
$66,864 
$19,104 
$19,104 
$19,104 
$9,552 
$171,936 
$20,000 

NIA 
$195,816 

$47,760 
$23,880 
$47,760 
$4,776 
$71,640 
$195,640 

$702 000 

$1,643,000 
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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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Acti\rated Carbon Adsoq:itiOJ.l With Untreated ads<lrbell.t 

Activated Carbon Adsorption with Chemically Treated Adsorbent 

Th~rinaI:Noti-Catalytic Oxidatiol.l 

Thermal Catalytic Oxidation 

Bfofiltration 

Condensation 
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Acceptable 

EHihillated 

Acceptable 

Acceptable 

Eliminated 

Eliminated 

Eliminated 

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. 
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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 

la. Activated Carbon Adsorption with 
Chemically Treated Adsorbent 
1 b. Therili,alNo11-Ca,talytig Oxidation 
le. Wet Scrubber Absorption 

>99% 

>99% 
99% 

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. 
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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 NU CON 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 l 0% 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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Ta hie 5-J. Ammonia -- Thermal Non-Cata I~ tic Oxidation Capital and Annual Cost Summar~ 

Total Capital Costs (TCC) 
Total Direct Capital Costs 

Purchased Equipment costs 
Equipment 
Required Ancillary Equipment ($1 Olefin) 
Instrumentation and Control 
Freight 

Sub-total Purchased Equipment Costs (PEC) 
Direct Installation Costs 

Foundation & Support 
Handling & Erection 
Electrical 
Piping and Duct Work 
Insulation 'for Piping and Equipment 
Painting 

Sub. Total Installation costs (IC) 
Site. Preparation 
Buil<lmg Costs (Equipl;nent footprint - ft2) 
Total Indirect Capital Costs 

Engineering 
Construction and Field Expenses 
Start-up 
Performance Tests 

Annualized Cost per Ton of Ammonia 
See Appendix 1-B. 

3000 
15% ofEquipment 
5% of Equipment 

8% of Subtotal PEC 
14% ofSubtotalPEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
2% of Subtotal PEC 

Equipment Specific 
Not Addressed 

10% of Subtotal PEC 
5% of Subtotal PEC 
10% of Subtotal PEC 
1 % of Subtotal PEC 
15% of Subtotal PEC 

$795,000 
$615,680 

$340,000 
$30,000 
$51,000 
$17,000 
$438,000 

$35,040 
$61,320 
$17,520 
$17,520 
$17,520 
$8,760 
$157,680 
$20,000 
NIA 
$119,580 
$43,800 
$21,900 
$43,800 
$4,380 
$65,700 
$666,000 

$223,000 
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Total Capital Costs(TCC) 
Total Direct Capital Costs 

Purchased Equipment costs 
Equipment 
Required Ancillary Equipment ($10/cfm) 
Instrumentation and Control 
Freight 

Sub-total PQrchased Equipment Costs (PEC) 
Direct Installation Costs 

Foundation & Support 
Handling & Erection 
Electrical 
Piping and Duct Work 
Insulation for Piping and Equipment 
Painting 

Sub-Total Installation costs (IC) 
Site Preparation 

Building Costs (Equipment footprint - ft2) 

Total Indirect Capital Costs 
Engineering 
Construction and Field Expenses 
Start-up 
Performance Tests 

Annualized Cost per Ton of Ammonia 
See Appendix 1-C. 
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$929,000 
$718,496 

$403,000 
3000 $30,000 
15% of Equipment $60,450 
5% of Equipment $20,150 

$513,600 

8% of Subtotal PEC $41,088 
14% of Subtotal PEC $71,904 
4% of Subtotal PEC $20,544 
4% of Subtotal PEC $20,544 
4% of Subtotal PEC $20,544 
2% of Subtotal PEC $10,272 

$184,896 
Equipment Specific $20,000 
Not Addressed NIA 

$210,576 
10% of Subtotal PEC $51,360 
5% of Subtotal PEC $25,680 
10% of Subtotal PEC $51,360 
1 % of Subtotal PEC $5,136 
15% of Subtotal PEC $77,040 

$5 052 000 

$392,000 
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Total Capital Costs (TCC) 
Total Direct Capital Costs 

Purchased Equipment costs 
Equipment 
Required Ancillary Equipment ($10/cfin) 
Instrumentation and Control 
Freight 

Sub-total Purchased Equipment Costs (PEC) 
Direct Installation Costs 

Foundation & Support 
Handling & Erection 
Electrical 
Piping and Duct Work 
Insulation for Piping and Equipment 
Painting 

Sub-Total Installation costs (IC) 
Site Preparation 
Building Costs (Equipment fooprint - ft2) 

Total Indirect Capital Costs 
Engineering 
Construction and Field Expenses 
Start-up 
Performance Tests 

Annualized Cost per Ton of Ammonia 
See Appendix 1-D. 
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3000 
15% of Equipment 
5% of Equipment 

8% of Subtotal PEC 
14% of Subtotal PEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
2% of Subtotal PEC 

Equipment Specific 
Not Addressed 

10% of Subtotal PEC 
5% of Subtotal PEC 
10% of Subtotal PEC 
1 % of Subtotal PEC 
15% of Subtotal PEC 

RPP-ENV-46679 Rev. 1 

2,619,000 
$2,017,568 

$1,224,000 
$0 
$183,600 
$61,200 
$1,468,800 

$117,504 
$205,632 
$58,752 
$58,732 
$58,732 
$29,376 
$528,768 
$20,000 
NIA 
$602,208 
$146,880 
$73,440 
$146,880 
$14,688 
$220,320 
$143,000 

$577,000 
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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 (l.OOE-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: 

Tahk 6-1. i\krcur~ Compounds - Potrntial tBACT 

Selenium Filters 
-\: :(lSii'.lliUirif#JijfiD;::~:~:,i,~:~:~\,-1}:;~,~ ::;~~\'.~"'~-f;~t~!f~~f~~Ii!~~~~~~t~~:} :~~_.,,_ 
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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-Ol-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™1)." 

1 MerCAP™ is a Trademark ofLesman 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® Process3 [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 (159Hg). 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 ofNucon 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 l.OOE-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 l lOE-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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Total Capital Costs (TCC) 
Total Direct Capital Costs 

Purchased Equipment costs 
Equipment 
Required Ancillary Equipment ($10/cfm) 
Instrumentation and Control 
Freight 

Sub-total Purchased Equipment Costs (PEC) 
Direct Installation Costs 

Foundation & Support 
Handling & Erection 
Electrical 
Piping and Duct Work 
Insulation for Piping and Equipment 
Painting 

Sub-Total Installation costs (IC) 
Site Preparation 
Building Costs (Equipmentfootprint - ftl) 
Total Indirect Capital Costs 

Engineering 
Construction and Field Expenses 
Start-up 
Performance Tests 

7/28/2015 - 2:42 PM 
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3000 
15% of Equipment 
5% of Equipment 

8% of Subtotal PEC 
14% of Subtotal PEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
2% of Subtotal PEC 

Equipment Specific 
Not Addressed 

10% of Subtotal PEC 
5% of Subtotal PEC 
10% of Subtotal PEC 
1 % of Subtotal PEC 
15% of Subtotal PEC 

Annualized Cost per Ton of Mercury and Mercury Related Compounds 
See Appendix 1-C. 

RPP-ENV-46679 Rev. 1 

$598,000 
$463,904 

$247,000 
$30,000 
$37,050 
$12,350 
$326,400 

$26,112 
$45,696 
$13,056 
$13,056 
$13,056 
$6,528 
$117,504 
20,000 
NIA 

$352,000,000 
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7.0 IDENTIFICATION AND EVALUATION OF EMISSION CONTROL TECHNOLOGY OPTIONS FOR 

PARTICULATE MET AL 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. 

Arsenic (particulate form only; excludes hydrides) 

Bezylfium 

Cadmium 
Chromim:n 
Cobalt 
Manganese 

l.69E-06 

8.46E~08 

8.46E-07 
2.59E-i06 
5.14E-05 
5.14E-05 

WAC 173-480-060, Emission Standards for New and Modified Emission Units and WAC 246-
24 7-040, Radiation Protection - Air Emissions state that a BAR CT 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 exhaust 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 HEP A 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. 
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These elements remove various size aerosols at the currently accepted efficiency of: 

@ Demister -7 99 % liquid droplets by mass minimum and 99% minimum for 5-10 micron range 
e Pre~Filter -7 ~ 30-80% Atmospheric dust depending on type 
• l st HEPA Filter -7 99.97% Hot DOP minimum at 0.3 micron (AMAD size) 
• 2nd HEPA Filter -7 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 of99.95%. 
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 HEP A 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 
238Pu02 aerosol resulted in a DF of 1.88E12 to 1. 7El3 and for three HEPA filters in series the 
DF was from 2.1El2 to 4.7El3 [(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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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 
HEP A filtration system in the treatment train. 

Toxic Organic Compounds 

Thermal Non-Catalytic Oxidizer 

Activated Carbon Adsorption 

Ammonia 

Thermal Non-Catalytic Oxidizer 

Activated Cal"boriAdsorption 

Scrubber 

Mercury and Mercury Related 
Compounds 

Activated Treated Carbon 
Adsorption 

Particulate Metal Compounds 

Notes: 

$2,925,000 0.481 $6,081,000 $105,000 

$790,000 0.481 $1,643,000 $105,000 

$2,925)000 13.12 $223;000 $105,000 

$5,148,000 BJ2 $392,000 $105,000 

$7,583,000 13.12 $577,000 $J05,000 

$92,000 2.61E-04 $352,000,000 $105,000 

Particul~te 111etal.compounds.C;lre.remov~d bytherequiredparticulate•filtration train 
for removal ofradionuclides ata 99,99%removal rate~ 

aCost of Removal equals the Total Annualized Cost ($/year) divided by the Emissions per Year (tons). 
bSee Section 2, tBACT Methodology, for a detailed discussion. 
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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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BUDGET PROPOSAL 4665 
NUCON International, Inc. 

DECEMBER 10, 2009 

Met-Pro Systems is pleased to submit this proposal for your consideration. Met-Pro Corporation, a 
NYSE listed company headquartered in Pennsylvania, USA is one of the world's leading suppliers 
of air and fluid purification and handling technology, products and solutions. With 10 divisions and 
multiple subsidiaries in the USA and Europe, Met-Pro Corporation has the global experience with 
over 30,000 installations in over 70 countries to provide unequalled integrated product and 
systems solutions. 

Met-Pro Corporation was recently recognized, for the second consecutive year, as one of 
America's "200 Best Small Companies" by Forbes magazine. Through its business units, in the 
United States, Canada, Europe and The People's Republic of China, a wide range of products 
and services are offered for industrial, commercial, municipal and residential markets 
worldwide. These include product recovery and pollution control technologies for purification of 
air and liquids; fluid handling technologies for corrosive, abrasive and high temperature liquids; 
and filtration and purification technologies including proprietary water treatment chemicals and 
filter products. 

Met-Pro Corporation has been recognized for the second consecutive year as one of the world's 
"Top Small to Midsize Manufacturers" by Start-It magazine. According to Start-It, the "SMB 
1200," is "a complete list of the top small and medium-sized manufacturers in the world". All of 
the companies that appear on the SMB 1200 have annual revenues between $40 million and just 
under $1 billion, and many, according to Start-It, "have shown intense resilience even as 
industry continues to face significant market pressures." 

2 
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SYSTEMS 
Thermal Oxidation 

A Met· Pro Product Recove1yl!'oliution Control Tll<hnologies Company 

EQUIPMENT DESCRIPTION 

BUDGET PROPOSAL 4665 
NUCON International, Inc. 

DECEMBER 10, 2009 

The thermal oxidizer Is used to convert hydrocarbons to carbon dioxide and water. This 
occurs by heating the hydrocarbons in an oxygen rich atmosphere to a temperature that 
will allow the oxidation reaction to occur at a rapid rate. The thermal oxidizer operates at 
2200°F. The reactants are held at this temperature level for approximately 2 seconds. 
This will provide a minimum destruction efficiency of 99.99% of the organic contaminants. 

The thermal oxidizer shall be of a cylindrical configuration and mounted horizontally or 
vertically, depending on required pollution control equipment downstream. Support legs 
shall be fastened to a foundation with embedded anchor bolts and grouted in place (by 
others). The casing shall be constructed of carbon steel plate and standard structural 
shapes. The exterior shall be painted with a single coat of high temperature silicone-based 
paint and the interior shall be refractory lined. 

Air for combustion shall be drawn from ambient air and blended with the process air to 
achieve a level of oxygen required for flame stability (oxygen in the process is low because 
of the high water vapor content). 

During "Heat-up", "Idle", and "Cool-Down" periods, no waste shall enter the unit. Fresh 
ambient air shall be forced through the system using the fan. Dampers on the inlet of the 
fan shall isolate the unit from the process and provide an inlet for the ambient air. Heat-up 
ramp rate is 50°F to 100°F per minute. Cold start to operation time is less than 30 minutes. 

Overall Length: 23' 

Casing Diameter: 7'-4" 

Estimated Equipment Weight: 15,000 lbs 

Combustion/Dilution Air Connection: 14" 

Natural Gas Connection: 3" 

Ancillary equipment for the thermal oxidizer shall include: 

• One (1) Nozzle Mix Burner 

• One (1) NEMA 12 Control Enclosure with Sub"Panel 

• One (1) Allen Bradley SLC5/05 PLC Controller 

• One (1) lot of Field Instrumentation for Met-Pro supplied equipment. 

4 
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• Interconnecting carbon steel Ductwork with Expansion Joints between Met-Pro 
Supplied Equipment. 

• One (1) Gas Train Assembly with Temperature Control Valve for natural gas 

• Class I, Division II Outdoor Electrical Classification 

• One ( 1) Combustion/Dilution Air Blower with Starter 

• Two (2) Control Dampers for Combustion and Dilution air 

• Two (2) Pneumatic Dampers for Process and Fresh Air Isolation 

UTILITIES 

Combustion Air Blower: 

Natural Gas Supply: 

Compressed Air Supply: 

Electrical Power: 

Control Power: 

PERFORMANCE 

10 hp 

270 SCFM@ 10 PSIG 

275 lb/hr @ 80 PSIG 

460 volt/ 3.Phase / 60 Hz 

120 volt / 1 Phase / 60 Hz 

Destruction and Removal Efficiency of Organic Compounds: 99.99% 

SCOPE OF WORK 

Supply by Met-Pro 

• Equipment arrangement and design 
• Equipment Supply and Fabrication {see" Equipment Description" above) 
• Programming of Local control system and HMI 
• Operating and Maintenance Manuals 
• Installation Instructions 

5 
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Supply by Others 

The following items are to be supplied by others and are not included in Met-Pro 
Systems scope of supply: 

• Demolition of existing equipment or facilities 
• Any modifications to existing equipment 
• Building, structural, foundations, anchor bolts, grouting, embedded materials, or 

any other Civil Design, Materials, and Installation 
• Cranes and other tools required for demolition or installation. 
• Installation labor and materials 
• Design and supply of any equipment upstream of the Thermal Oxidizer. 
• Any freeze or personnel protection equipment or materials including insulation 

and cladding. 
• Design and supply of utilities. 
• Design, programming, and hardware for integration with plant control system and 

data acquisition. 
• All Interconnecting wiring, conduit, termination, and supports 
• All Interconnecting piping, tubing, and supports. 
• Interconnecting ductwork and supports for supply to Met-Pro Equipment. 
• Transportation and receiving of materials to site 
• Installation supervision or commissioning services 

Our service department can provide installation supervision and commission services if 
desired at our standard rates. 
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PRICING 

The pricing given is for the supply of equipment only. Installation design, labor, 
materials, and supervision shall be by others. 

Met-Pro Supply as described above is: ............................................ $340,000 

Field Supervision, Commissioning, and Training 

Field Supervision, Commissioning, and Training Services are not included in the Met­
Pro Supply price given above. These services are offered at the following rates: 

Field Service Personnel... ...................................................... $ 1,500/Day/Person 

Travel and Living Expenses ..................................................... $ Cost+ 10% 

Validity 

Pricing is valid for 30 days, excluding escalation, from the date given on the cover page 
of this document. 

Escalation 

Due to current market volatility in steel, nickel, chrome, copper, precious, a11d other metals, pricing 
provided may be subject to escalation at time of Met-Pro issuance of purchase orders to its 
suppliers. 
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Based upon current equipment and material availability, we anticipate the following schedule 
applying to this project: 

MILESTONE 
Receipt of purchase order 
Drawings for approval 
Approval of drawings 
Fabrication 
Delivery 

TIME 
0 
6 weeks 
2 weeks 
16 weeks 
1 weeks 

ELAPSED TIME 
0 
6 weeks 
8 weeks 
24 weeks 
25 weeks 

This schedule is predicated on customer approval within the time frame noted. Delays in approval 
will extend the completion date by at least the time equal to the delay. Lengthy delays may result 
in rescheduling of manufacturing, which could result in a greater offset of shipping dates and 
increased prices as a result of raw material increases. Shlpment timing may change depending 
upon shop load at the time of order. 

COMMERCIAL TERMS 

• All Pricing is in US Dollars. 

• All credit subject to approval. 

• Payment Terms 
25% of order upon award 
25% of order upon complete submittal of the approval drawings 
25% of order with drawing approval/release to manufacturing 
25% of order with shipment 

Met~Pro Systems Terms and Conditions are attached hereto and form an integral part of this 
proposal. 
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MET-PRO TERMS ANO CONDITIONS OF SALE 

The following terms and conditions form part of each proposal submitted by Met-Pro Corporation, its divisions or subsidiaries, hereinafter called 
"Seller," for the sale of equipment, machinery, materials, consumables or services (collectively the "Contract Goods") to a Client/Customer, 
hereafter called "Buyer", and any contract made by and between the parties includes as part thereof these terms and conditions. Any 
provisions or conditions of Buyer's order which are In any way inconsistent with, or in addition to Seller's terms and conditions shall not be 
binding on Seller, and shall not be applicable, except with Seller's written acceptance. No changes in, modifications of, or additions lo the 
terms and conditions of this form shall be binding on Seller unless in writing and signed by a representative of Seller duly authorized for that 
purpose. Any contract resulting from this proposal shall be construed and enforced in accordance with the laws of the Commonwealth of 
Pennsylvania without giving effect to the choice or conflict of law provisions or rules thereof. The parties agree that any action arising out of or 
relating to this sale, shall be brought only in the Court of Common Pleas of Montgomery County, Pennsylvania, or the United States District 
Court for the Eastern Division of Pennsylvania, and hereby consent to venue in such courts. 

MATERIAL WARRANTY 

Warranty- Seller warrants to Buyer that the Contract Goods manufactured by It ts free from defects In material and workmanship under normal 
use and service for a period of eighteen (18) months after shipment or twelve (12) months after initial operation, whichever occurs first, or for 
such period of time as is specifically provided for on the face of the written quotation or order form, and for no additional period of time unless 
Seller expressly agrees in writing to a longer warranty. All auxiliary equipment not manufactured by Seller carries such warranty as given by 
the manufacturer thereof and which is hereby assigned to Buyer without recourse to Seller. Seller's warranty for consumables shall be pro­
rated over the applicable aforement1oned period. 

No warranty is offered as to refractories or protective coatings, other than the material composition is in compliance with specifications 

Terms - Upon discovery of defects in materials or workmanship during such eighteen (18) months after shipment or twelve (12) months after 
initial operation as described above, Seller shall either repair or replace the equipment, on the condition that the conditions set forth 
immediately below are met. Even if Seller repairs or replaces the equipment, its original warranty term Is not extended. Seller's obligation 
under this warranty is, at Setter's sole option, to a one-time repair or replacement of any part which ls shown to Seller's reasonable satisfaction 
to have been defective as to material, workmanship or design, provided that: 

1. wrilten notice of such defect is given to Seller within ten {10) calendar days of discovery thereof; 
2. the equipment has been installed and operated In accordance with the purpose for which It was purchased and the installation, operating, 

and maintenance Instructions provided by Seller; 
3. no alterations or substitutions have been made in the equipment; 
4. Seller may require the return of the defective material to establish any claim or make repairs but In no event shall the material be returned 

without Seller's consent. All returned equipment or parts must be free from any hazardous materials; 
5. No payment or allowances will be made for repairs or alterations in the equipment unless Seller's prior written approval has been 

obtained. All removal, shipping, and reinstallation costs shall be to Buyer's account; and 
6. Seller shall not be required to honor any warranty obligation unlll such time as it shall have been paid in full by Buyer. 

PATENT WARRANTY 

Seller shall defend at its expense any suit or proceeding brought against Buyer based on any claim that the equipment manufactured by Seller, 
except for equipment/material manufactured and/or designed to Buyer's specifications, infringes any United States patent issued as of the date 
of the proposal or contract provided Buyer gives to Seller immediate notice in writing of the institution of the suit or proceedings and permits 
Seller, through its Counsel, to defend the same and gives Seller all needed information, assistance and authority to enable Seller to do so. 
On any equipment or component manufactured by others, Seller shall pass through any patent indemnity offered by said manufacturer. Seller's 
liability shall be limited to rendering reasonable assistance lo Buyer lo enforce said indemnity, which term shall not be deemed to Include the 
payment of any fees or expenses of Buyer's legal counsel or to require Seller to institute suit or to participate in any such litigation. 

IMPLIED WARRANTIES AND DISCLAIMER 

THE WARRANTIES FURNISHED BY SELLER AS EXPRESSLY INCLUDED HEREIN CONSTITUTE SELLER'S SOLE OBLIGATION 
HEREUNDER AND ARE IN LIEU Of ANY OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING WITHOUT LIMITATION 
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WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, EVEN IN THE EVENT OF A FUNDAMENTAL 
BREACH BY SELLER. THERE ARE NO WARRANTIES, WHICH EXTEND BEYOND THE DESCRIPTION ON THE FACE HEREOF. 

DISCLAIMER OF WARRANTIES 
SELLER SHALL NOT BE LIABLE TO BUYER OR BUYER'S CUSTOMER FOR INCIDENTAL, CONSEQUENTIAL OR LIQUIDATED 
DAMAGES INCLUDING, BUT NOT LIMITED TO, LOSS OF PROFITS OR REVENUE, LOSS OF USE OF CONTRACT GOODS, COSTS OF 
REPLACEMENT POWER OR CONTRACT GOODS, ADDITIONAL EXPENSES INCURRED IN THE USE OF CONTRACT GOODS OR 
FACILITIES, OR THE CLAIMS OF THIRD PARTIES, EVEN IF SELLER HAS BEEN ADVISED OF POSSIBILITY OF SUCH DAMAGES. THIS 
DISCLAIMER SHALL APPLY TO INCIDENTAL, CONSEQUENTIAL OR LIQUIDATED DAMAGES BASED UPON ANY CAUSE OF ACTION 
WHATSOEVER ASSERTED AGAINST SELLER, INCLUDING ONE ARISING OUT OF PRINCIPLES OF CONTRACT, ANY BREACH OF 
WARRANTY, EXPRESSED OR IMPLIED, GUARANTEE, EQUIPMENT OR OTHER CONTRACT GOODS LIABILITY, NEGLIGENCE, TORT, 
OR ANY OTHER CAUSE PERTAINING TO PERFORMANCE OR NON-PERFORMANCE TO THE PROPOSAL OR CONTRACT BY SELLER. 
BUYER SHALL HOLD SELLER HARMLESS FROM ANY SUCH CLAIMS BY BUYER'S CUSTOMER. 

INSPECTION 

If upon receipt of the Contract Goods by Buyer, the same shall not conform to Buyer's order, Buyer shall notify Seller In writing within ten (10) 
days from receipt of the Contract Goods and before any part of the Contract Goods has been changed from its original condition. Such 
notification shall provide detailed information as to the nonconformity or shortage and Buyer shall hold the Contract Goods for Seller's 
disposition and afford Seller a reasonable opportunity to inspect the Contract Goods. Seller may, at its option, replace without charge, refund 
the purchase price, or make a fair allowance for defects or shortages demonstrated to Seller's satisfaction to have existed at the time of 
delivery. Seller may require the return of the Contract Goods to establish any claim but in no event shall Contract Goods be returned without 
Seller's consent. 

LIM/TA TION OF LIABILITY OF SEl.LER 
In addition to lhe other limitations on Seller's liability provided for herein, in no event will Seller's liability to Buyer for any and all claims, 
including property damage or personal injury claims, allegedly resulting from breach of conlract, warranty, strict liability, tort, or any other theory 
of liability involving this proposal or contract exceed the amount of the purchase price paid to seller. 

PRICE 

1. Prices are F.O.B. point of shipment. 
2. Oral and written quotations are subject to acceptance within thirty (30) days from date. 
3. Prices on equipment of Seller's manufacture are firm, provided it is shipped within the quoted and agreed upon shipment schedule. If 

Buyer causes shipment to be delayed Seller reserves the right to invoice at Seller's price effective at time of shipment. 
4. Any excise, sales, use taxes or other taxes imposed by Federal, State, or municipal authority and incurred by Seller applicable to the 

material sold, shall be to Buyer's account and are in addition to the prices quoted, unless Buyer provides Seller with a proper tax­
exemplion certificate. Buyer hereby agrees to indemnify, defend and hold harmless Seller from any taxes, fines, penalties and costs, 
including attorneys' fees, incurred or paid by Seller arising out of any such claim of exemption. This defense and indemnity requirement 
shall survive this contract and any releases resulting from same. 

TERMS 
Terms of payment are in accordance with the proposed payment terms and are payable 30 days net from the date of invoice. 
For late payment, Buyer is subject to a late charge of eighteen percent (18%) of the unpaid fees per annum (1.5% per month) or the maximum 

allowed by law, whichever is less. 
If Seller does not receive payment in full for the Contract Goods and any monies otherwise due by the due date then Seller may, at its option at 

any time while the whole or any part of the monies due remain outstanding, take possession of the Contract Goods, or any part, delay or 
stop future deliveries, and terminate this agreement, in which case Seller is entitled to recover any loss, including loss of profit, which loss 
will carry interest under paragraph 2 of this Section. 

Pro rata retalnage fees or backcharges will not be accepted by Seller. 
Buyer will be responsible for al! expenses incurred from any collection proceedings. 

DELIVERY 

Delivery dates are estimated by Seller on the basis of the best available information and cannot be guaranteed. 
Where Contract Goods are delivered in multiple deliveries, Seller may deem each delivery to be a separate contract, and no default or failure 

by Seller in respect of any one or more installments shall vitiate any contracts with respect to Contract Goods previously delivered or 
undelivered. 
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Force Majeure - Seller shall not be liable for any loss or damage arising out of delay in shipment or delivery, or failure to manufacture, or 
failure of equipment to operate, due to causes beyond its reasonable control, such as but not limited to, Acts of God, Acts of Buyer, Acts of 
Civil or Military Authority, priorities, fires, strikes, floods, epidemics, quarantine restrictions, war, riot, delays in transportation, car 
shortages, and Seller's inability to obtain necessary labor, materials, or manufacturing facilities. In the event of any such delay, the date of 
delivery shall be extended for a period equal to the time lost by reason of the delay and Seller shall be entitled to an equitable adjustment 
in the sales price for increased costs incurred. 

All risk of loss or damage to Contract Goods furnished hereunder shall pass to Buyer, F.O.B. point of shipment. 
Seller reserves the right to ship all or any part of the Contract Goods from any shipping point of any of its sources of supply other than the 

shipping point specified herein. Shipment will be made by the method or carrier deemed most feasible by Seller unless otherwise 
requested in writing by Buyer. 

GRANT OF SECURITY INTEREST 
As security for the payment in full for the Contract Goods, as a condition of the passage of tille to Buyer for the Contract Goods as provided for 
hereunder, Buyer grants to Seller a first priority security interest in the Contract Goods, wherever located, together with all Accounts, Products 
and Proceeds of any and all of the Contract Goods (as such terms are defined by the Uniform Commercial Code as from lime to time in effect 
in any applicable jurisdiction). Upon default in payment by Buyer, Seller may exercise all rights of a Secured Party as provided for by the 
Uniform Commercial Code. 

CANCELLATION 
Cancellation of order by Buyer, or any part thereof, will not be effective unless accepted by Seller in writing. Accepted cancellation will be 
subject to a charge to cover all costs incurred to the date of acceptance, plus reasonable cancellation costs, plus profit on the completed work. 

SUSPENSION 
In the event Buyer suspends the execution of work, Buyer shall reimburse Seller for all costs Incurred by Seller as a result of such suspension, 
including, without limitation, all borrowing and opportunity costs. In the event the suspension exceeds 180 days in duration, in addition to being 
entitled to full reimbursement of costs as aforesaid, Seller shall have the unqualified right to cancel the unfinished portion of the contract without 
liability to Buyer of any kind. 

GENERAL CONDITIONS 
1. Non-stock Contract Goods made specifically to order are not subject to return for credit. Any portion of non-stock Contract Goods in 

process of manufacture is not subject to cancellation. Any charges after manufacture has started could necessitate additional charges for 
work done and material consumed. 

2. Quotations are merely negotiations to trade and not offers to contract. 
3. Seller reserves the right to correct any factory, engineering, clerical and/or stenographic errors or omissions, 
4. Changes in design are made at Seller's discretion. Seller has no obligation to incorporate these changes In units manufactured prior to 

the change. 
5. It is expressly understood that any and all drawings, instructions, and/or technical and engineering services, which Seller may furnish with 

reference to the installation or use of its Contract Goods, are furnished solely for the review and approval of Buyer and its engineers. 
Seller makes no representation or warranty with respect to the accuracy or sufficiency of any such information and assumes no obligation 
or liability for results obtained. 

6. Waiver by Seller of a breach of any of these Terms and Conditions shall not be construed as a waiver of any other breach. 
7. To combat corrosion, abrasion, or erosion, or operation at elevated temperatures, any such recommendations will be based on the best 

available experience of Seller and the supplier of the material, BUT WILL NOT CONSTITUTE A GUARANTEE AGAINST THESE 
EFFECTS. 

11 
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24590·WTP•RPT·ENV•01·00S, Rev. Cl 
Best Available Control Technology Analysis I'm 

Toxic: Air Pollutants l'or the WTP 

Table B-4. TBACT Control Technology Cost Estimate 
Thermal Noncatalytic Oxidation 
Stream Sl20 HLW MelterOffgas Unabated 

Cost Item 

Direct Costs 
Purchased Equipment Costs 

Equipment 
Required Ancillary Equipment 
Instrumentation and Control 
Freight 

Subtotal Purchased Equipment Costs (PEC) 

Direct Installation Costs 
Foundations & Supports 
Handling & Erection 
Electrical 
Piping and Duct Work 
Insulation for Piping & Equipment 
Painting 

Subtotal Installation Costs (IC) 

Site Preparation 
Building Costs 

CS Location per square foot 

Subtotal • Building (per highest applicable cost area) 

Total Direct Cost 

Indirect Costs (/1151111/ation} 

Engineering 
Construction and Field Expenses 
Start-up 
Performance Tests 
Contingencies 

Total Indirect Costs 

Total Capital Costs (TCC) 

Basis 

15% of Equipment 
5% ofEquipment 

8% of Subtotal PEC 
14% of Subtotal PEC 
4%ofSubtotal PEC 
4%ofSubtotal PEC 
4% of Subtotal PEC 
2% of Subtotal PEC 

Equipment Specific 
see cost factors below equipment size 
$1,3 88/sf 66 sf 

Equipment Specific 

1()% of P.EC 
5%ofPEC 
10%ofPEC 
1%ofPEC 
15%ofPEC 

Source: Modified from EPA Handbook Control Technologies for flazardo11s Air Pollutants (June 1991). 

Example Cosl 

$382,316.00 
$0.00 

$57,347.40 
$19.115.80 

$458,779.20 

$36,702.34 
$64,229.09 
$18,351.17 
$18,351.17 
$18,351.17 

ru1.US. 

$165,160.51 

$20,000.00 

$91.608.00 

$91,608.00 

$735,547.71 

$45,877.92 
$22,938.96 
$45,877.92 
$4,587.79 

$68,816.88 

$188,099.47 

$923,647.18 
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Best Available Control Technology Analysis for 

Toxic Air Pollutants for the WTP 

Table B-4. TBACT Control '.fechnology Cost Estimate 
Thermal Noncatalytic Oxidation 
StreamSUO HLW Melter OfTgas Unabated 

Cost Item 

Direct Annual CoSls 
Utilities 

Electricity 
Steam 
Water 
Materials/Chemicals 

Operating Expenses 
Operator 
Supervisor 
Secondary Waste T&D 

Maintenance 
Labor 
Materials 

Indirect Annual Costs 

Overhead 
Administrative 
Insurance 

Total Annual Costs (TAC) 

Rate of Return 011 Capital Investment 
Service Life (years) 

Capital Recovery Factor 
Annualized Capital Investment (ACI) 

Grand Total Annualized Costs 

Factor 

$0.08/kWhr 
$6.00/1000 lb 
$0.25/1000 gal. 

$20/Hr 
15% of Operator 
Process Specific 

52 hr 

$17/Hr 24 hri2 yr 
I 00"/o of Maintenance Labor 

6% of Labor Costs 
2%ofTCC 
1%ofTCC 

10.00"/o 
40 

0.1023 

ACI+TAC 

Source: Modified from EPA Handbook Co11trol Technologies for Hazardous Air Pollutants (June 1991). 

Example Cost 

$5,000.00 
$0.00 
$0.00 

$52,013.00 

$1,040.00 
$156.00 

$100,000.00 

$204.00 
$204.00 

$840.00 
$18,472.94 
$9,236.47 

$187,166.42 

$94,451.62 

$281,6111.04 
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Best .Available Control Technology .Analysis for 

Toxic Air Pollutants for the WTP 

Table B-4. TBACT Control Technology Cost Estimate 
Thermal Noncatalytk Oxidation 
Stream S74/St LPP LAW Melter Feed Evaporator 

Cost Item Basis 

Direct Costs 
Purchased Equipment Costs 

Equipment 
Required Ancillary Equipment 
Instrumentation and Control 15% of Equipment 
Freight 5% of Equipment 

Subtotal Purchased Equipment Costs (PEC) 

Direct Installation Costs 
Foundations & Supports 8% of Subtotal PEC 
Handling & Erection 14% of Subtotal PEC 
Electrical 4% of Subtotal PEC 
Piping and Duct Work 4% of Subtotal PEC 
Insulation for Piping & Equipment 4% of Subtotal PEC 
Painting 2% of Subtotal PEC 

Subtotal Installation Costs (IC) 

Site Preparation Equipment Specific 
Building Costs see cost factors below 

CS Location per square foot $1,388/sf 

Subtotal ·Building (per highest applicable cost area) Equipment Specific 

Total Direct Cost 

Indirect Com (Jnstalfation) 

Engineering JO%ofPEC 
Construction and Field Expenses S%ofPEC 
Start-up 10%of PEC 
Performance Tests lo/oofPEC 
Contingencies 15%ofPEC 

Total Indirect Costs 

Total Capital Costs (TCC) 

equipment size 
88 sf 

Source: Modified from EPA Handbook Control Technologies for llazardous Air Pollutants (June 1991). 

Example Cost 

$427.609.00 
$0.00 

$64,141.35 
$21.380.45 

$513, 130.80 

$41,050.46 
$71,838.31 
$20,525.23 
$20,525.23 
$20,525.23 
$10.262.62 

$184,727.09 

$20,000.00 

$122.144.00 

$122,144.00 

$840,001.89 

$51,313.08 
$25,656.54 
$51,313.08 
$5, 131.31 

$76,969.62 

$210,383.63 

$1,050,385.52 
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Toxic Air Pollutants for the WTP 

Table B-4. TBACT Control Technology Cost Estimate 

Thermal Noncatalytic Oxidation 
StreamS41Z PT Vessel Vents Unabated 

CostUem Basis 

Direct Costs 
Purchased Equipment Costs 

Equipment 
Required Ancillary Equipment 
Instrumentation and Control I 5% of Equipment 
Freight 5% of Equipment 

Subtotal Purchased Equipment Costs (PEC) 

Direct Installation Costs 
Foundations & Supports 8% of Subtotal PEC 
Handling & Erection 14% of Subtotal PEC 
Electrical 4% of Subtotal PEC 
Piping and Duct Work 4% of Subtotal PEC 
Insulation for Piping & Equipment 4% of Subtotal PEC 
Painting 2% of Subtotal PEC 

Subtotal Installation Costs (IC) 

Site Preparation Equipment Specific 
Building Costs see cost factors below 

CS Location per square foot $1,388/sf 

' 

Subtotal • Building (per highest applicable cost area) Equipment Specific 

Total Direct Cost 

Indirect Costl (Installation) 

Engineering I 00/o of PEC 
Construction and Field Expenses S%ofPEC 
Start-up I 00/o of PEC 
Petformance Tests 1%ofPEC 
Contingencies 15%ofPEC 

Total Indirect Costs 

Total Capital Costs (TCC) 

equipment size 
66 sf 

Soumo: Modified from EPA Handbook Control Technologies for Hnzanlo11s Air Po//11tan1J (June 1991 ). 

Example Cost 

$393,515.00 
$0.00 

$59,027.25 
St~67~.2~ 

$472,218.00 

$37,777.44 
$66,110.52 
$18,888.72 
$18,888.72 
$18,888.72 
$9.444.36 

$169,998.48 

$20,000.00 

$91.608.00 

$91,608.00 

$753,824.48 

$47,221.80 
$23,610.90 
$47,221.80 
$4,722.18 

$70,832.70 

$193,609.38 

$947,433.86 
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24590-WTP-RPT-ENV-01-005, Rev. 0 
Best Avallable Control Technology Analysis for 

Toxic Air Pollutants for the WTP 

Table B-4. TBACT Control Technology Cost Estimate 
Thermal Noncatalytic Oxidation 
Stream S74/Sl LPP LAW Meller Feed Evaporator 

Cost Item 

Direct Annual Costs 
Utilities 

Electricity 
Steam 
Water 
Materials/Chemicals 

Operating Expenses 
Operator 
Supervisor 
Secondary Waste T&D 

Maintenance 
Labor 
Materials 

Indirect Annual Costs 

Overhead 
Administrative 
Insurance 

Total Annual Costs (TAC) 

Rate of Return on Capital Investment 
Service Life (years) 

Capital Recovery Factor 
Annualized Capital Investment (ACI) 

Grand Total Annualized Costs 

Factor 

$0.08/kWhr 
$6.0-0110-00 lb 
$0.25/1000 gal. 

$20/Hr 
15% of Operator 
Process Specific 

52 hr 

$17/Hr 24 hr/2 yr 

I 00% of Maintenance labor 

6% of Labor Costs 
2%ofTCC 
1%ofTCC 

IQ.00% 
40 

0.1023 

ACI+TAC 

Source: Modified from EPA Handbook Control Technologies for Harardous Air Pollutants (June 1991 ). 

Examole Cost 

S5,000.00 
$0.0-0 
$0.0-0 

$74,(}l 9.00 

$1,040.00 
$156.00 

$100,000.00 

$204.00 
$2()4.00 

$840.00 
$21,007.71 
$10,503.86 

$212,974.57 

$107,411.81 

$320,386.37 
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24590-WTP-RPT-ENV-01-005, Rev. 0 
Best Available Control Technology Analysis for 

Toxic Air Pollutants for the WTP 

Table B-4. TBACT Control Technology Cost Estimate 
Thermal Noncatalytic Oxidation 
StreamS41Z PT Vessel Vents Unabated 

Cost Item 

Direct Costs 
Purchased Equipment Costs 

Equipment 
Required Ancillary Equipment 
Instrumentation and Control 
Freight 

Subtotal Purchased Equipment Costs (PEC) 

Direct Installation Costs 
Foundations & Supports 
Handling & Erection 
Electrical 
Piping and Duct Work 
Insulation for Piping & Equipment 
Painting 

Subtotal Installation Costs (IC) 

Site Preparation 
Building Costs 

C5 Location per square foot 

Subtotal - Building (per highest applicable cost area) 

Total Direct Cost 

Indirect Costs (Installation) 

Engineering 
Construction and Field Expenses 
Start-up 
Performance Tests 
Contingencies 

Total Indirect Costs 

Total Capital Costs (TCC) 

Basis 

15% ofEquipment 
5% of Equipment 

8% of Subtotal PEC 
14% of Subtotal PEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
4% of Subtotal PEC 
2% of Subtotal PEC 

Equipment Specific 
see cost factors below equipment size 
$1,388/sf 66 sf 

Equipment Specific 

l0%ofPEC 
5%ofPEC 
JO%ofPEC 
1%ofPEC 
l5%of PEC 

Source: Modified from EPA Handbook Control Technologies.for Hazardous Air Pollutants (Juoo 1991). 

Examole Cost 

$393,515.00 
$0.00 

$59,027.25 
$19.675.75 

$472,218.00 

$37,777.44 
$66,110.52 
$18,888.72 
$18,888.72 
$18,888.72 
~ 

$169,998.48 

$20,000.00 

$91.608.00 

$91,608.00 

$753,824.48 

$47,221.80 
$23,610.90 
$47,221.80 

$4,722.18 
$70,832.70 

$193,609.38 

$947,433.86 
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Best Available Control Technology Analysls for 

Toxic Air Pollutants for the WTP 

Table 8-4. TRACT Control Technology Cost Estimate 
Thermal Noncatalytic Oxidation 
StreamS41Z PT Vessel Vents Unabated 

Cost Item 

Direct Annual Costs 
Utilities 

Electricity 
Steam 
Water 
Materials/Chemicals 

Operating Expenses 
Operator 
Supervisor 
Secondary Waste T&D 

Maintenance 
Labor 
Materials 

Indirect Annual Costs 

Overhead 
Administrative 
Insurance 

Total Annual Costs (TAC) 

Rate of Return on Capital Investment 
Service Life (years) 

Capital Recovery Factor 
Annualized Capital Investment (ACI) 

Grand Total Annualized Costs 

Factor 

$0.08/kWhr 
$6.00/1000 lb 
S0.25/1000 gal. 

$20/Hr 
15% of Operator 
Process Specific 

52 hr 

$17/Hr 24 hril yr 
100% of Maintenance Labor 

6% of Labor Costs 
2%ofTCC 
1%ofTCC 

10.00% 
40 

0.1023 

ACl+TAC 

Source: Modified from EPA Handbook Control Teclmologlesfor lloznrdow Air Pollutants (June 1991). 

Examole Cost 

SS,000.00 
$0.00 
$0.00 

$52,013.00 

Sl,040.00 
$156.00 

$0,00 

$204.00 
$204.00 

$840.00 
$18,948.68 
$9,474.34 

$87,880.02 

$96,884.03 

$184,764.0S 
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TCl-Tl2 70% HR AN or AW T.Cl-Tl2 DSTTO-All TAPs 

_I.QI_~!,1-rQ~~~J:!EE1£.ROGRAM.:::.lHERMAL INCINERATO,'VJ't, H<>at l'"""""rl: ·-------

c()"s-f BASE ~!ii 19881'1 I ----·-=r----------·t--·--·=-~+-:-~:-~=i:---·-·.±-~~= 
Y.~F~g!(T~~~i1003.::-~MINARY):J~ '_ _ __ ._j~~~'!ffi1£!1~§.~glne~1---:- ···--+- --
. i ---lJNPUT PARAMETERS COMMENTS ----r . ··-,··--·---
~~~~w~:;--1-------1 4, oool ·--r-··--·: :---------
:-Reference lernperature '(of:i: ·- _ -- q. ···--- -r-·-----==7QI··-- · ---·------ -· __ L_. __ =::::: 
=.J.nlet gas t~rature (oF): --l----~~ --·- _________ 1 i __ 
•• Inlet gas density (lb/set): •.. . ____ •. ·--·-' --··· 0.07 49 !__________ ' 
•· Prirna1y heal recovery (fraction): II if.70 · .-!...---=l=-~-= 
- Waste gas heal content (B'i:_Utscf)! ____________ + ______ ..£_ :ri1i! -~---------
.. Waste oas heat content <BTU/lb): j 0.24 ------------------·· __ 
--GashealcapacilvlBTUllb-oF: .! ____ n.:l!':!\ 1 ·-··----· _,__ __ 

.::.fornbusticm temperature (oF): --L·---~~---·--··-·-·--. -·-- ____________ .._; -----+------1 
..::£'reheat temperature (oF): l _______ ! ____ 1~ ...... -· . ; ------1 

II i l I 

;::_!'_!1el heal of cornbustio!!JBTl~-- 27., B S6 l'Adjusted for representatiy~!llural _g~; _______ i ______ _ 

_£_"'""""!""I 1- =f o om - "'ml":"_"~,, .. ~·: I _ _ 
=-=~~--····----t- --- IDE~~-f'!.f~~~A.~ri:~~~~~:----- c-------~,_;ue.~~~!~~::s -~---· 
,.:::.~.lf'!.i.!!.~.!Xf:uel Regrmnt lib/min): i 2.258. I I ' ! _______ _ 
1-----......... ·~-----·"'-u_ss_r!ill:._ __ L ___ ~----+- 2.80 : ____ J _____ --1 

-- Total Gas Flowrate (!icfm)_: i 4,050i ' i : 1 

~==----=---= !·----~-=-- "CAP'iTAL c~---· l -~~r.:_--:---· ! --.,-- ___ ___)__-=._ __ 
~£!..1!.e..!1.!.£05~-==~-=- -+ +-· ---+--- ----~-------~-
ar lncinerator:1· _J___ ___ -~---___L_ J ----·--·-

---·----P:~l@,.._,.~-,,';1c~~;.'"'h7~1:·~~~~:~:x~. ' ~.! ---i -~==--=t=~------r-···-·· -·--· 
--=---i(ii)50%heatrecoverL__ ·---~ -~----p--··---~~--+ -·-

lriil70%healrecovery_:_ _______ _rrg:~+-- __ , , -----------~ 
.:· Othe!Jauxillarv eauinment, 9tc.l: ··--· o L 
.:!2.!~1.~<J.!:.llpment Cost-base: ·· - _j70,254 I ------+1-·-- : 4--

, ' 
1 -escalated: 234,034 J ·~---···· _ ___J_ ___ . _____ . ··-v·-~ 

This Is sent to the "TCI Adjust• sheet as the 
Purchased Eauipment Cost (S): 252,757 eauioment value. 

·-·-j 1 ·1 ' -----

No. ofTanks ~~)!!~_(J_f S'"";v"'s-'-'te""rn.--_____ --·--'--·-------- __ . --~-__, ____ ------
i This Is the total TCI for all tanks, based on the 
1 number of installations and the TCI val~es from the 

-!~~~f2l~~~l~::::::~~l~= =;;=========== ===2=~=5~!!~ ,:i::~~i~=;=~heel =~ . 
;;:.raMo .J '"'"""..: !ANNU~L ~_"'.PUT=-..,.,- _ _ __ --=-=t=F--~ .. · 
OoeralinalaborratelS/hr): ~--- -----=~=i-· !ll.SO -~· -~:.= .. ::--~-~ 
Maintenance labor rate (Sihi:L_ __ l so, 7 B ~ _J_ ____ _:.__ ____ _ _____ _ 

Operating labor !actor (hr/sh). _L ___ ______Q:Q_ ____ _ --=-±=---'---·-· .. . 
Mainlenancelaborfactor(hrlsh):________ 0.5 ·----- .. _ ------- _____ 1 

Electricity price ($/kwh): , o, oa o ___ ------ ~--·--. r ----
Natural gas price (s1msc1i: .l.. s. oo _ 1 ----r-
Annua1 interest rate (fraction); ;__,______ I (). n7 __ From series inChemical Engineering b~ .. -....... -- ·--·-------· 

Control svstem life (years)_: ----------·----!.- 11 Vatavuk/EPA for thermal oxidizers. ' 
Caoital recoverv factor: ; 0.1334 ·, , · I 1 i-----
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Taxes, insurance. admin. factor: I o. 04 _J__ I · ·----+ 
P~e~~~=~~~m~w.c.): r~:1:=[-- 19.~t--=~~--~==r=~~== -~ 

:r;:::a~~:i=~~~J3ea=-:==-~ 
~g labor : --· I -· 0 0.000 I --- . · __ .l... _____ _ 

~::::~s:;;~~:~~r -----+--===_j_·=··2~~ -·· --%.~)--~-=-------·- ---~~==~-~1=~-= 
Mainlenance malerials =t 27 802 0.0561 ···· __ ---------~=----
~'!!JEl~_L _______ >-------------- ___ 131,263 o.263 ---- ·-------------,------
Electncitv_T__ . 10 516 0.021 _.L_ 

~~:~;~~~(irari~acililiiiiStrativ;;-----~--- l ~~::g~ ~:~~: _____ J?.JLI! -·- ··~- · - · ·----+- ---·-· 
~~~}~~I-~-~~~~~~-----------------~----------------------'-------=~ -- 0.413 0.537 ---:=---· -+-----
~=~-- ;:.=--~=-~~ 498,:=~-~ooo.-r; _ ----~~:=-,1=-..=-==--t=-~~ 

. l J \ 
_______ __J___ • • ---· - ·"--------·---· .. -1------ ............ -------- ... ---·- -· 
lli.9riglnal equipment costs reflect lhls date. _j _____ j _______ L ___ ·----l----_J ________ .L-------< 
lf2J VAPCCI = Vatavuk Air Pollution Control Cost Index (for thermal' i 1 ; ; 

incinerators} corresoondlna to vear and auarter shown. Oriainal -1---· -------~---·-·-:---·-----·----~---
eQlliDment cost, purchased equipment cos~ and total capital investment --] :_----- -=: -~-~: ____ :_ ·-
~;~~0~ed~~:scjlat~~~~ ~~~~-~-ala v_L~~I~ V~t'=:~~r co~t~~~~~r-~n~- ; ~_;____ ; _ - 1 _ ----- -_J__!f.£!1..::...N.!!3__~·- ___ 1@3. ___ ,_~~-------·--_'._ ________ _ 
Total Unabated Emissions= Ii_ ' o.% o.9€ ~---1.:~---. --··-----------+--- _______ _ 
Emission Control Efficiency= _ --i---2~ao·d ~s .oo-- · ___ 4 ___________ : ________ _ 
Total Abated Emissions= , I =-_:=_Q]fil~ 0.95, 1.90i : 
Cost-Effecliveoess,S/ton= i- _ ----=i-~ $524,625! $262,313) · l ___ :_ 

. I I ! I >-----....-,--- ----t-------,-------r------r ' 
~----1----i-------·1-------·--1M,;.,a1 TAP ~ --·r 1 

Heat • I Total Reduced, . =1= ; 
-~O.!_!._>;X __ Coat-Effect! TCI I Annual Cost tons . i ' . 
.. --·--- -· 262cl!!l ___ [ 1.~?t..t~ --~9~,-~-91 .. --- _1J).Q_ __ . --------------+--------

0.70 , 262,313 L._1M§. 125 498,604 1.90 · -t----1--------1---------
~~~-t ~~~:~~--+ ~:~~:~: ;~;·~~! ~:: .. ~:======-t=~~-L~.~=:=_; _____ __:_~ 

0.00 297 137 I 664 189 564,797 1.90 , , ; I 

Page 2 of 3 5/25/2004 

Page 61 

135of180 



TOC-ENV-NOC-5241 

washington river 
pn:;tN;titmsolutions 

7/28/2015 - 2:42 PM 

TOC-ENV-NOC-5241 REV OOA 

Appendix 1-C Adsorber Costs 

136of180 

RPP-ENV-46679 Rev. 1 

Page 62 



TOC-ENV-NOC-5241 7/28/2015 - 2:42 PM 

TOC-ENV-NOC-5241 REV OOA 
washington nver 
protl':,ctinnso/utions RPP-ENV-46679 Rev. 1 

NUCON International, Inc 
7000 Huntley Road 
Columbus, OH 43229 

Phone: 614-846-5710 
Fx: 614-431-0858 

www.rmcon-int.com 

QUOT A Tl ON/PROPOSAL 
·----·---- -·-----

Proposal No.: 12328 Date: 12 A r 10 
Attachments: Exp. Date: 12June 10 ssel Description 

orbent data s_!!_~c~.L -------··--· 

j N•m_e_: ________ J1-P_h_o_n_e: ___ jFax: J Email: .. 
L_ __ J ___ .. ________ _t_ ________ . _____ I ____ . ___ .. ________ .. I 

_J 

Company: Columbia Nuclear International LLC 
Address: 

. -----·-------------------------

I Ref I AdSorbor v .... 1 per ;.;.'7.°.t:i~riptlon willl 1~~~~~ !!.'L 
"-r _ _,·1-· o'-f_N""'"U_C""'"O_N_M_E_R_S_O_R_B_3-'---M-'--erc--'-u__..__rvA_d_s_o_rb_e_n_t -----+--l_o_t -+--$~2_4~7,0~Q_ __ ___ .. J~~!!_9_0_9_ 
I 
l-----'1--------------------t---+----------~--·-· -··--"~··"~ 

~ 
[~. ~+-T-e-rm_s_:_N_e_t-30-d-av-s----------------1-----+-------1 

Unit Total Price 

~~_:il~:~~~;;;~~~dra __ w_in-1a_a_1D-D1ro_v_a_1 ___ -1---+-----+-------1 

r--~~ ~~~-=~---------------+-----!----+--------< 
[ 

! 
c-----1-------------------t----1---'--'·~------- '---~-·---1~-- «·•--·-~--,--l----------------+-----· e---·-········-···-····-·--·-·-···-·-··-····-·· 

'-"'· ...•..•.. ·-·· ······-········--···· 

f----f--------------··-·•- '-'·-•·•·••••·-··•·•'-'-'-·•-··•··•·••.A.-.•.•••"··•· 

'··-····,...,,~---~~~~~-~·---~~~~~---·~~-~~-·,,··I~~! ..... 1~~1.,~~~-~--
~~L~"~ne1<ana.~_]_P:~~~!:I~I.11I.~·····" ··J··.~miff~i~i-:!~~~~i~l!~~~~ii~i!j"t£2.~:] 

Form: FP-24 !2004-11·101 
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Date: 24-Feb-10 

NUCON International, Inc. 
7000 Huntley Road, Columbus OH 43229 

Phone: 614·846-5710 FAX: 614-431-0858 Internet: www.nucon·lnt.com 
Pirellmlnary Design for a Vertical Ad111orber with ASME Flanged & Dished Heads 

Client: Hanford Hg Adsorber 

Fluid Properties: 
Fluid flow rate, lb.hr 
Fluid pressure, psia (Ref. only) 
Fluid temp., 'F (Ref, only) 
Average mol. wt.(Ref.. only) 
Viscosity, Centipoise 
Fluid actual density, lb/cu ft 
Compressibility factor (Ref. only) 
Dew Point, 'F (Ref only) 

Vessel Design: 
Material (CS or SS) 
Diameter, ft 
Design Temp, 'F 
Design Pressure, psig 
Corrosion allowance, in. 
Joint efficiency 

Activated Carbon: 
Pellet diameter, mm. 
Carbon weight,, lb 
Carbon bulk density, lb/cu ft 

Calculations: 
Inlet & outlet nozzles, in. 
Carbon volume, cu fl 
Carbon depth, ft 
Carbon depth. in. 
Design stress, psi 
Shell thickness, in 
Head thickness, in 
Cylinder length, inches 
Over all vessel height, ft 
Total steel weight, lb 
Flow area, sq ft 
Superficial velocity, ft/min 
Superficial velocity, ft/sec 
Total Flow,acfm 
Mass velocity, lb/hr/sq ft 
Empty Bed Contact Time, sec 
Delta P, "WG/ft 
Total Bed Delta P, "WG 
Total Bed Delta P, psi 

9150 
14.7 
167 

28.966 
0.0209 

0.050754 

50 

SS 
10.0 
200 

15 

3 
11000 

35 

14 
314 
4.0 
48 

16700 
3/16 
3/16 

90 
10.9 

3969 
79 

38.26 
0.64 

3005 
117 

6 
0.66 
2.63 
0.10 

VESSEL Sl<ETCH IS NQT TO SCALE 

All Dimensions in Inches 
CB= 48 
DR= 120 
HT= 3/16 
ICR = 7.3 
ID= 120 
OAH = 131 
SF= 1/2 
SS= 90 
ST= 3/16 

Beta Version 1. 07 

OAH 
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l'RQJECT RESPONSIBILITY Proposal tmm8 

RPP-ENV-46679 Rev. 1 

The following pn~ject responsibility matrix is the basis for this proposal. Any 
changes in scope may result in price ac\justments. 

RESPONSIBILITY 

ACTIVITY NU CON CLIENT 

5.1 ENGINEERING AND DESIGN 

5.1.1 V erilkation of clesii,'11 data - operational llow rates, x 
adsorbate compositions, clc. 

5.1.2 Equipment specifications x 

5.l.3 Electrical engineering NIA 

5.lA Fire protection & salcty engineering x 

5.1.5 Process engineering x 
5. l .() Mechanical engineering x 
5.l.7 Insulation specilicalions x 
5.1.8 Solhvare validation (when required) NIA 

5.1.9 Process review of vendor clrawini,rs x 
5.1.l () Dimensional review of vendor drawings x 
5.1.l 1 Safety review (pre-shipment) x 
5. l.12 Control system engineering NIA 

5.1.13 Heal aud material bahmcc How sheet NIA 

5.1.H Desi1.,111 criteria x 

5.1.15 Instrument loop diagnuns NIA 

5. l.l (j Piping and instrumentation diagrnm x 
5.1.l 7 Construction drawings (civil and foundation) x 
5.1.18 Demolition drawings (civil ;md foundation) x 

5.l.19 Drawing revisions ;md updates x 
5.l.20 System layout drawing'S x 
5. l.21 Equipment arrangements drawing'S x 
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ACTIVITY 

5.l.22 Process llow diagrams 

5.1.23 Piping schedule Oine list) 

5.UM lnslrumcnt speciJicalions 

5.2 PROClJREMENT 

5.2.l Process equipmenl procurement 

5.2.2 Process Safoty cquipmcnl procurcmcnl 

5.2.3 Shop inspection 

5.2A Rcceivinw'storing/warcl1ousing 

5.2.5 Expediting 

5.2.6 Fire protection equipment procurement 

5.2.7 Handling and distribution of vendor drawing'S 

5.2.8 Spm·c parts 

5.2.9 Quality Assurance 

5.3 FIELD CONSTRUCTION 

5.3.l Sile studies and preparation 

5.3.2 Demolition 

5.3.3 Construclion specifications 

5.ilA Construction contracts 

5.3.5 Equipment/materials protection 

5.3.6 Insulation shop installed at NU CON 

5.3.7 Insulation field installed on-site 

5.3.8 Field conslruclion management and supervision 

5.3.9 Field inspection 

5.3.10 On-site space and services for NOCON personnel 
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RESPONSIBIU'IY 

NU CON CLIENT 

x 
x 

N/A 

x 
NIA 

x 
x 
x 

x 
x 

x 
x 

x 
x 
x 
x 
x 

x 
x 
x 
x 
x 
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ACTIVITY 

5A UTILITIES 

SA.I Electrical power 

5A.2 MCC 

5A.:l SLcam (Not applicable this Proposal) 

5AA Cooling waler 

5A.5 Chilled waler 

5A.6 Pl<ml compressed air 

5A.7 Instrument air 

5A.8 Nitrogen 

5A.9 Process Control Computer 

5.5 PRQJECT CONTROL & MONITORING 

5.5.l Prqjecl management 

5.5.2 Scheduling 

5.5.:-l Progi-ess/stalus reporting 

5.6 OPERATIOi\S 

5.6. l Commissioning Technical Assistance 

5.6.2 Start-up Technical Assisl;mcc 

5.6.:-l Pre-operational safoly check 
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RESPONSIBILITY 

NU CON CLIENT 

x 
x 

x 
x 
x 
x 
x 

N/A 

x 
x 
x 

x 
x 

x 
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NUCON International, Inc. 
P.O. BOX 29151 7000 HUNTLEY ROAD 

TELEPHONE: (614) 846-5710 
FAX: (614) 431-0858 

WEB SITE: www.nucon-int.com 
COLUMBUS, OHIO 43229 U.S.A. 

Technical Data Sheet: 
MERSORB®-3 (2005/03) 

NUSORB® MERSORB®-3 

TYPICAL APPLICATIONS: Mercury control 

RAW MATERIAL: Coal 
ACT£V A TION METHOD: 
PARTICLE TYPE: 

High Temperature Steam 
Pellet 

IMPREGNANT: Sulfur 

PHYSICAL PROPERTIES: 

APP ARENT DENS£TY 
HARDNESS 
ASH 
MOISTURE CONTENT, as packaged 
PARTICLE SIZE, 
CARBON TETRACHLORIDE ACTIVITY 
SULFUR CONTENT 

(ASTM 02854) 
ASTM 03802) 
(ASTM D2866) 
(ASTM D2867) 

(ASTM D3467) 

Additional ASTM or custom testing available on request 

0.55 g/ml, Typical 
98 % Typical 
10 wt %Typical 
5 % Maximum 
3 mm Diameter 
60%Minimum 
13 % Typical 

PACKAGING: Square fiber drums (150 pounds) or "tote bags"(l,000 pounds) 

Information herein is accurate to the best of our knowledge. User should dete1minc the 
suitability of the product for the intended use; liability consists of replacing product. 
NUCON INTERNATIONAL, INC., does not suggest violation of any existing patents or 
give permission to practice any patented invention without a license. 

For additional injiJrmation contact: 

NUCON International, Inc, 

7000 Huntley Road, Columbus, OH 43229, USA 

Telephone: 614-846-5710 FAX: 614-431-0858 www.nucon-int.com 
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TOC-ENV-NOC-5241 

~ washingtonriver 
~ protectionso/utions 

7 /28/2015 - 2:42 PM 

TOC-ENV-NOC-5241 REV ODA 

RPP-ENV-46679 Rev.1 

24590-WTP·RPT·ENV-01-005, Rev. 0 
Best Available Control Technology Analysis for 

Toxic Air Pollutants for the WTP 

Table B-4. TBACT Control Technology Cost Estimate 
Activated Carbon Adsorber 
StreamS120 HLW Melter Off gas Unabated 

Cost Item Basis 

Direct Ctnts 
Purchased Equipment Costs 

Equipment 
Required Ancillary Equipment ($10/cfin) 
Instrumentation and Control t 5% of Equipment 
Freight 5% ofEquipmcnt 

Subtotal Purchased Equipment Costs (PEC) 

Direct Installation Costs 
Foundations & Supports 8% of Subtotal PEC 
Handling & Erection 14%ofSubtotal PEC 
Electrical 4% of Subtotal PEC 
Piping and Duct Work 4% of Subtotal PEC 
Insulation for Piping & Equipment 4% of Subtotal PEC 
Painting 2% of Subtotal PEC 

Subtotal Installation Costs (IC) 

Site Preparation Equipment Specific 
Building Costs see cost factors below 

CS Location per square foot SJ,388/sf 

Subtotal - Building (per highest applicable cost area) Equipment Specific 

Tot .. Direct Cost 

lndired Coats (lnstlllllllion) 

Engineering 10%ofPEC 
Construction and Field Expenses S%ofPEC 
Start-up 100!.i of PEC 
Perfonnance Tests lo/oofPEC 
Contingencies 15%ofPEC 

Total Indirect Costs 

Total Capital Costs (TCC) 

equipment size 
52 sf 

Source: Modified ftom EPA Handbook Control Technologies for Hazardous Ail' Pollutants (June 1991 ). 

Examule Cost 

$1,977,962.00 
$23,000.00 

$296,694.30 
~98,828-IQ 

$2,396,554.40 

$191,724.35 
$335,517.62 
$95,862.18 
$95,862.18 
$95,862.18 
$47,9Jl.Q2 

$862,159.58 

$20,000.00 

$72.176.00 

$72,176.00 

$3,351,489.98 

$239,655.44 
$119,827.72 
$239,655.44 
$23,965.54 

$359,483.16 

$982,587.30 

$4,334,077 .29 
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TOC-ENV-NOC-5241 REV OOA 

RPP-ENV-46679 Rev. 1 

24590-WTP·R.PT-ENV-01·005, Rev, 0 
Best Available Control Technology Analysis for 

Toxic Air Pollutants for the WTP 

Table B-4. TB.ACT Control Technology Cost Estimate 
Activated Carbon Adsorber 
Stream SUO HLW Melter Offgas Unabated 

Cost Item 

Direct Annual Costs 
Utilities 

Electricity 
Steam 
Water 
Materials/Chemicals 

Operating Expenses 
Operator 
Supervisor 
Secondary Waste T&D 

Maintenance 
Labor 
Materials 

Indirect Annual Costs 

Overhead 
Administrative 
Insurance 

Totlll Annual Costs (TAC) 

Rate of Return on Capital Investment 
Service Life (years) 

Capital Recovery Factor 
Annualized Capital Investment (ACI) 

Grand Total Annualized Costs 

Factor 

$0.08/kWhr 
$6.00/1000 lb 
$0.25/1000 gal. 
Process Specific 

$20/Hr 52 hr 
15% of Operator 
184 cf/yr x $129.24/cf 

$17/Hr 72 hr/2 yr 
5,520 lbs/yr 

6% of Labor Costs 
2%ofTCC 
1%ofTCC 

10.00% 
40 

0.1023 

ACI+TAC 

Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollutants (June 199 i ). 

Example Cost 

$0.00 
$0.00 
$0.00 
$0.00 

$1,040.00 
$156.00 

$23,780.16 

$612.00 
$5,520.00 

Sl,084.80 
$86,681.55 
$43,340.77 

$162,215.28 

$443,200.21 

$605,415.48 
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TOC-ENV-NOC-5241 REV OOA 

RPP-ENV-46679 Rev.1 

24590-WTP-R.PT-ENV-01-005, Rev. 0 
Best Available Control Technology Analysis for 

Toxic Air Pollutants for the WTP 

Table B-4. TBACT Control Technology Cost Estimate 
Activated Carbon Adsorber 
Stream S74/Sl LPP LAW Melter Feed Evaporator 

Cost Item 

Direct Annual Costs 
Utilities 

Electricity 
Steam 
Water 
Materials/Chemicals 

Operating Expenses 
Operator 
Supervisor 
Secondary Waste T&D 

Maintenance 
Labor 
Materials 

lntlirect Annual Costs 

Overhead 
Administrative 
Insurance 

Total Annual Costs (TAC) 

Rate of Return on Capital Investment 
Seivice Life (years) 

Capital Recovery Factor 
Annualized Capital Investment (ACI) 

Grand Total Annualized Costs 

Factor 

$0.08/kWhr 
$6.00/1000 lb 
$0.25/1000 gal. 
Process Specific 

$20/Hr 
15% of Operator 
296 cf/yr x $129.24/cf 

$17/Hr 
5,520 lbs/yr 

6% of Labor Costs 
2%ofTCC 
1%ofTCC 

10.00% 
40 

0.1023 

ACI+TAC 

52 hr 

72 hri2 yr 

Source: Modified from EPA Handbook Control Technologie.sfor Hazardous Air Pollutants (June 1991). 

Example Cost 

$0.00 
$0.00 
$0.00 
$0.00 

$1,040.00 
$156.00 

$38,255.04 

$612.00 
$10,000.00 

$1,084.80 
$115,524.16 
$57,762.08 

$224,434.08 

$590,671.66 

$815,105.74 
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TOC-ENV-NOC-5241 REV OOA 

RPP-ENV-46679 Rev. 1 

24590·WTP-RPT-ENV·01·005, Rev. 0 
Best Available Control Technology Analysis for 

Toxic Air Pollutants for the WTP 

Table 8-4. TBACT Control Technology Cost Estimate 
Activated Carbon Adsorber 
StreamS41Z PT Vessel Vents Unabated 

Cestltem Basis 

Direct Costs 
Purchased Equipment Costs 

Equipment 
Required Ancillary Equipment (SI Olefin) 
Instrumentation and Control 15% of Equipment 
Freight 5% of Equipment 

Subtotal Purchased Equipment Costs (PEC) 

Direct Installation Costs 
Foundations & Supports 8% of Subtotal PEC 
Handling & Erection 14% of Subtotal PEC 
Electrical 4% of Subtotal PEC 
Piping and Duct Work 4% of Subtotal PEC 
Insulation for Piping & Equipment 4% of Subtotal PEC 
Painting 2% of Subtotal PEC 

Subtotal Installation Costs (IC) 

Site Preparation Equipment Specific 
Building Costs see cost factors below 

CS Location per square foot $1,388/sf 

Subtotal - Building (per highest applicable cost area) Equipment Specific 

Total Dlred Cost 

Indirect Costs (lnstalllltion) 

Engineering I 00.4 of PEC 
Construction and Field Expenses 5%ofPEC 
Start-up 10%ofPEC 
Performance Tests 1%ofPEC 
Contingencies 15%ofPEC 

Total Jadlreet Costs 

Total Capital Costs (TCC) 

equipment size 
52 sf 

Sourc;e: Modified from EPA Handbook Control Teclmofogles.for HaznrdoUJ Air Po/lu1nnls (June 1991). 

Examnle Cost 

$2,128,949.00 
S26,000.00 

$319,342.35 
$!06.447.45 

$2,580, 738.80 

$206,459.10 
$361,303.43 
$103,229.SS 
$103,229.SS 
$103,229.55 
$51.614.78 

$929,065.97 

$20,000.00 

$72.176.00 

$72,176.00 

$3,601,980.77 

$258,073.88 
$129,036.94 
$258,073.88 
$25,807.39 

$387,110.82 

$1,0S8,102.91 

$4,660,083.68 
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TOC-ENV-NOC-5241 REV OOA 

RPP-ENV-46679 Rev. 1 

24590-WTP-RPT·EN\MU.·005, Rev. 0 
Best Available Control Technology Analysis for 

Toxic Air Pollutants for the WTP 

Table B-4. TBACT Control Technology Cost Estimate 

Activated Carbon Adsorber 
StreamS41Z PT Vessel Vents Unabated 

Cost Item 

Direct Annual Costs 
Utilities 

Electricity 
Steam 
Water 
Materials/Chemicals 

Operating Expenses 
Operator 
Supervisor 
Secondary Waste T&D 

Maintenance 
labor 
Materials 

Indirect Annutll Costs 

Overhead 
Administrative 
Insurance 

Total Annual Costs (TAC) 

Rate of Return on Capital Investment 
Service Life (years) 

Capital Recovery factor 
Annualized Capital Investment (ACI) 

Grand Total Annualized Costs 

Factor 

$0.08/kWhr 
$6.00/1000 lb 
$0.25/1000 gal. 
Process Specif! c 

$20/Hr 5::! hr 
IS% of Operator 
208 cf/yr x $129.24/cf 

$17/Hr 72 hr/2 yr 
6240 lbs/yr 

6% of Labor Costs 
2%ofTCC 
1%ofTCC 

10.00% 
40 

0.1023 

ACI+TAC 

Source: Modified from EPA Handbook Control Tech110/ogies.for Hazardous Air Po/luta11ts (June 1991). 

Example Cosl 

$0.00 
$0.00 
$0.00 
$0.00 

$1,040.00 
$156.00 

$26,881.92 

$612.00 
$6,240.00 

$1,084.80 
$93,201.67 
$46,600.84 

$175,817.23 

$476,537.43 

$652,354.66 
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TCl·CA5X DST AN or AW TCJ.¢A5X DST AN or AW Carbon Ad 

.• voe IQ be cond()llsed: I I I Mix of volallle -·nics-lnrimarilv1 

~lnletVOCfio-.vrate(lbll>rL_. ____ -'------ _' *' _·_-· .. 800.0202 Annwilave=· . ~!',· -- VQC motp.c;ular weipht (lb11b..,ncln). __ __J_ ___ ! ----·-··-
•• VOC mlcl Yoluma fraction: · __ ·--··---... _____ 3.9E..03•9~- :-~, _ 
.. voe in'"' wnccntralion fppmvl __ ___ _ ------""'-Lo.oooos7 •• ___ F. . ______ _ 
.. voe inlet oartial nmssure lnsial: --1-'----~~--
.::.B!q,l!!f§..<D!Q.£!~1 (frac11on1 1 • ·-~·-~= .. -~~&I __ ._··· -·· ·-~; i --·--
•• f1eundticn i•nlhOm[,linn con!lfill'ls for V.OC (see Table..!J2'l.!.q .. !YL __ :J..__ _____ ·-=t-~---·-· --~ ! ____ _ 

1------.. -·---· 1 VOC number !ent~r Table 1 #or zero, W n~ da1a):t o#- ·---- ..... -T·--------- ___ J ____ _ 
~ l$Ollletrn equation 1conatants tsee .:12 below>: .- h-1'.L_-... -L___ -----~ ·-.1==-~=t;.~=--=t-==--= 

I VOC numb<!< (Mier Table 2 #or z&ro, it no dalal. L___--o.qoooo+·· .. ·--+ ~: =r----
-=----=-~t~----->-·-----i-. =t--~~-~=~-=~=---=-c--- : __ ~=r=f~ -=--= 
.:-Kti50r<iiionli'me .. ihr~: i ....... ,_ . so , 
.• Oasorollon lime thrt I -~t= 4:01 ----"· .. - ---~---_ fi=,' -· - -.--------
-Number ot adsorblna vessefs: -- ---· -·-f--- - -- - -~ 
- Superficial carbon bed v~· (ftfmm). -1--... ~====-=- 75 -·- 1 ; 
;.:.£!!~boll orice IS/lbl: I I 2.00 i 1 

:· M~~~'!.'!i.!?!.~nstrut1ion \"'° 11s1 brno~ __ --.. --+---- ____ _12. -----+-- ~· i --------=IH_ ... _ .::_:::-_iDESIGN PARAMETERS • -:::-------r=: ,~---_-_-_::_-::::-'11 .. -... -_------I 
•• Caroon oqu1•rbnum copacfty--Fro;indrich {lb vocmi cort1· I_ __ -·--- .. ___ O.OOOQ.. ~uroject, ~---- ___ ;1 •• _____ _ 

" " • -·Yaws et al • " ~ 0.0000 Vold for lhis project ___, . 
•• Carbon wo1km9 capac11y {lb VOCJ!l> cai:Q.Qill: _____ • _ .... _J 0.32•1 Linked to 'Ca!bon ea~ac11v Eslima'!l·.!!!.!!1e,_•,,,_stie,..,,,e,,,tc...; _____ _ 
.... Number ot d~sorbing vessel$: _L -J---~·~-·--- ! 1 J I i =L----·-
•• Total numbor of vessels: I · t 2 ! _ I ! i __ _ 
.. Carbon requirement, to!al (ll> )· ----+--·---· ______ __1! ==-:::.. a ! ~: 
-Carbonreguirementpervessel(lb)' r I 5 ---~ ; 
-- Gas nowrate per voscct (acrn~·=1 __ I ___ 4980 - \·---==--~~---·-
:.:.-AJ!.scrbor vessel drdme1er (flL_ T _ _J ___ .. 9.202 ___ .. L ____ _,t----·-1 
- Adsorber vessel 1e119111 !Ill. ..r 4.003 ~ l : 
:-Adsorber vessel surfa<.e area .1!fil_ ~-=1-----.---.H·-~·73 ~- -.=L:..-~-r---~~ i=-
.. Carhnn bod lhk:kn""s (11) __ .L.. 0.003 \ L I . -------

==-~.ilf..q~~OJL{Lu=,-==j;~~~/: ~~;< --- ~- 0.009 • J. Acce~-e-s_,_l.;.; _____ +------1 

!:nuiriment CoSl$ IS)' i ., .. ----t------------- :~:::J--· Co~ ~:m 

--·· .. - i ~,;--. ·----, .. ~, ;~ i -~/I] ____ _ 
·- Caruon ·--1· ,_ .. _1 ----t 22 temncontrqL ! ' ___ _ 

i l I Heatingcoil i ! I 
I d= with temp I ' --OJhercoultn1enl1cond1JOser,decanie:.=t'lc. ... ___ .. ------· 58836 control . . ______ ..,..:____ ----..... 

I~_!al ~<J>tlpniont cost (S)--ba$e I 96,627 l i o I 
• ·-, · • '··escalated:! ' ---· - ·--- -- 121948 ·----r--- ·' 1-.. --·---

Pun;hased Eouicrnent Cost /SI. ' ~---·-::.=.J 131 704 I '. 1----· .... _ 
Accessories I __ --- j 178,000 .. _Total . 178,000 '11~----- -·---·--
PEC wi1h Accessories =f _ 11 309,7041 ..;_ ____ j __ , -·------ '-·---- ..... 
No of Tanks over life of udt ~- 1 

..Tu!!...11_Capita_11nvestme~qS): J I 1456281 ---ri----+;----+-----1 
·- - .. - <s1~c1m>. =r=-===-1- t ~2.o - ; __ ------.,-----

1=------ f, ------1 I =r-= w --l 
01>•1a11nn lactcf lhrtvr): I ____ .. ____ .. ,ANNUAl COST INPUTS-__87iioT--· .. ----· - -- --- ,-----1 

~erabnnlapotraraJ~!hrl; 1----=~- s501 .. s786 ·1,_ _______ ·-·---'- ·-r· _ -h-, ___ ___J ______ _ 
Mainlenance tabor rate ($!hr).' .. . --r 
Ooeraunolaborf'~ctorlhr/shl: ~--· oo' 1' ---·-r-·----
Malntenance1aborfac1orthrts1n: ; '- 00_0:8s :1 ·-------= .... )_. --=- ==11;•==-==i. -~ 
Eleclric:ilv orice tSlkWlir\ J I 1 1 1 
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TCl-CA5X DST AN or AW TCl·CA5X DST AN or AW Catbon Ad 

Recovered VOC value ISllbl; i 0.0000 ~ ' ; --
~!_P.ricors110001b). t I --r-- _____ '1.._qo_ _ ____ · ____ ; __ _ 
Coolin11 water pnca ($/1000 gal): ! ---L- 0 20 I -----· ----- r·- ------
~~-==':"/''-"- -1 -'--- ·~ --------+ . g···--------· Annua11~1eres1-ra1erfra~1io"l; . - _ __;__-=---ii07 --=--=i==--·-·-··r---1- ··-------·--
Control system llto (year~-------------· U---------±-·----·t- -···---1..: ____ · ·-- ------
Capl~il res_overv factor (j1eml _. ___ ...ll,_1334 1 ----- ---- +'-- ---·-·-
;9IE£.'Lfil~.!l'!~~~L.... --------- ----- . L__ ---.!!.l·---- 1 ' • -- -----
f~lli!U:~<!!!!YJa..;lt>t jtatbon;_ -~--- ___ ,, _____ . ____ J ._. Q.2~ . J i · 

'faxes. insura11ce. acrnin. faGlor· ~- l 0.04 _____ ----- !------- r------ _ ~ --~-· -~ 
I ~ I I -!'------l·------·--------L----- 1 ANNUAL COSTS. __L - • 

Item 1 --· I . I Cosill£l'.r.L.::Iitt Factor W.F.(cond.l 
------·····-----·---·--·------------··-·-·---·--··-·----.. ····· ---··--·-·-----------------------·-··-- ----------

I_ 
I 

:~.~;;;;:~~:,;·;~;;·;,~i~~~;-;;:;.;;.;;·-··········--···--···--·-······-·p·------·;-;-1-,4.,..7.,..8-+----------------..,-1-.ooo---+-----=--1-=.ooo:::=:;,,l--·------l-'------r-------
R£coverv credits I I O ---__L__-+-+,--_-_-_:_-_+;_-_-_-_-___ l 

=u_:>I Cost,,twm;S~~~:~.~ act! ----'--·------=1=:-34~04;:_ --:.~~=--~~- ·r-:_:_-=--f~_=J ; ±=~~~~ 
Total l)nabaled Organic TAP E011.s0Jons, ton•=_ 0.98 --r-- I_ ==i-----L-----
Em1ss<0n Conlrol Ethc1ency = __j_ _________ ---~ ________ _J_ ______ i _ _J. __ _ 
Total Abatr~d :Jrnanic TAP Emissions.. tons "="_J_ o.94 l 1 _J. ~ ~ _ --~~~ __ 

~·~:~c~~ene~'· S/lon ~ +-~~965 J ____ _:~==i---= 
1 
-----p:_-----r--

>--· -"---=--=-:-~-F-- -1 j_~ I . L 
~--------!- I j :-----Jl+----*-t __ _ 
1111 This proaram has be~n based on data and nroccdurcs in Cliaptc1 4 ~-::_~----1·--- -: .:_--~- ~ ------
of II,• OAOPS CONTROL COST MANUAL 15111 ediiionl I -,---------- f ____ jt • · -----

1 I r ....;.._· ----+-----t 
~~!!!!~<;:.Q!!_~fiect this dale t : .4--· I ; _ f-·----,.·-

Jlli0£££1_~~~~~-'l.£o.!!'!.'1£~~', !!oL ca_r\>~ ----------=- I ----+~;---~=--= -----· ··--:::: 
adso1be,s\cvrresoandtnq tovaarandguartershown. Base equipment _ . : ·---·-----~- · 
cost, purChased :'!9Uipmen1 cost, and total capital investment have bean ~ --·-t-l+-1----+-------t 
escalated 10 P11s dale via the VAPCCI and control eQu,pment venaor data l ___J_j___ _ _ __ ~-

~fer one of the folio\~. CO.bOii sleol- -'1',1J1G stainless s1ce1:--------f------------ ··11 .. -+---··---r -----
;~~;,;~~~1:.~~er 20 ICB·31·i'1.9'. Monel-400··'2i3' NickPJ.200-·'3.~' =F= :- -- j !- --- . --- ---
i5iTiiiS;S tii(;"C.fiiOilb.id ~ressure drnn ONl ~- lhere will f>e dTuonal 1>rosrnr1 drc11 ______ ---+----=-- -- -----=::-l-i-=.:~=-=-=- __:__--:= 
throuah Ule ductwork. For e$titnatinn ductwork nressura losses. see Chapter 10 --------+-------·· ---M~_ ),l--.~··---- . 
of llleOAQPS CO~TR~ l~~~J~__-:f_.=±--------JT _____ :=t--- :~:=--= ··--:=-:_ 
,__... -----iTabla 1. FreundHCh Constants for Selected Co~unds f61 ------o----+'=-!-;--,-..,..,---+--------t 

f t ' . ~0rretalionRbnge 1-1a1 _____ _ 
voe name I l voe number K I M lTomperatu!!]f[]Jiijlmum I ! Mallimum __ 

----·~·--~·----._.-----------~-----------·----··---·--------------------------------... -·----------4----
i.iffiiz.;;;e·-- ----~ 1001 0.9~~-------- 0.176 77 0.00011' 0.05 --------
Chlorobenzene I -- ----- 1002 1.05 0.188' 77 _____ 0.00011 ,-=-=-·0.01 ____ ~~ 
ifY_CIOllexane I -~ 100S 0.508 0.210 100 ••.• 0.00011 i __ _M.5 ---·-------
~~'!!'~~-----+----------,----· -~ ___ 0.9J..!1 ________ 0.:.l!!!.!~.--T7 ___ - - _-9~-ft+- ---~ -------
PTrh1"~h",1~rM.Jf1ano _J___I --.L 110000651 0.855 0.153 104 0.0001 • _.,W ________ _ _ ,. ~, ., _ .... _1Q!! ____ ____ o.1e1 77 0.0001 · .J __ ,_~o=.0~4r-----
v;,,,1 chlorid(l I ----·1o01T - 0.200 __ 0.477 100 0.0001' +---- o.g? ----
~~w-pressuce range) ·-·- ·---- 1008, 0.7081-------····- ___ Q,,11~---.11 __________ _9.0001: l----'0,,_,.00::,,1+-··---
"'·X'llenc iniol1-oressure rannel 10091 0.527 0.07031 .?:!. _ 0.001 • i ... !L.Q.5 .. _ -·-
Acry!onit1·nn I 10101 0.935 0.4241 100 0.0001, , 0-Q!!! -----------
Acetone I 1011 0.412 0.3891 100 0.0001 1 0.05 
"T:oluene 1012 Q,~1-. 0.110 I TT 0.0001; . 0.05 --
·--.---··-·-----·-··-------·-----·--·------·-------------------··-··--······-··------~·-·""-···------------··----------·-·--·-~--------------------~···--·-

1i61Titt;SeCOnSrant"iffitheloTi~iiiiii0il:- I I ! ··--·---f·-----'.-; ---=~·-- --------
:a= KIPl"M +---------+-------+--------~ '·-'------+-----< 
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Best Avalfable Control Technology Analysis for 

Toxic Alr Pollutants for the WTP 

Table B-4. TRACT Control Technology Cost Estimate 

Wet Caustic Scrubber 
Stream S9v/S17 PT tA W Evaporator Offgar Unabated 

Cou Jfem Basis 

Dll't!ctCasts 
Purchased Equipment Costs 

Equipment 
Required Ancillary Equipment 
Jnslrumentation and Control IS% of Equipment 
Freight 5% of .Equipment 

Subtotal Purchased Equipment ColllS (PEC} 

Direct Installation Costs 
Foundations 8t Supports 8% of Subtotal PEC 
Handling & Erec1ion 14% ofSubtotal PEC 
Electrical 4%of'Subtotal PEC 
Piping and Duct Work 4% of Subtotal PEC 
Insulation for Piping & Equipme11t 4% of Subtotal PEC 
Painting 2%ofSubtotal PEC 

Subtotal Installation Co.~ls (IC) 

Site Preparation Equipment Specific 
Building Costs see east factors below 

CS Location per squl!fe foot Sl.3&8fsf 

Subtocal • Building (per highest applicable cost area) Equipment Specific 

Total Direct Cosl 

Indirect Costs (lnJtllllllllon) 

Engineering 10%ofPEC 
Constructfon atld Field Expenses S%ofPEC 
Start-up 10%ofPEC 
Pcrfonnance Tests 1%ofPEC 
Contingencies \So/oofPBC 

Total Indirect Cosls 

Totd Capllal Costs (fCC) 

Ex:a1nnle Cost 

$SS2,000.00 
S0.00 

$82,800.00 
S27.6PQ.OO 

$662,400.00 

SS2,992.00 
$92,736.00 
$26,496.00 
$26,496.00 
$26,496.00 
$13,,248.0Q 

S238,464.00 

$20,000.00 
equipment size 
ll'i sf $24,984.00 

S24,!J84.00 

$945.848.00 

$66,240.00 
$33,120.00 
S66,240.00 
$6,624.00 

599,360.00 

$271,584.00 

$1,217,432.00 
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Best Available Control Technology Analysis for 

Toxic Air Pollutants for the WTP 

Table B-4. TBACT Control Technology Cost Estimate 
Wet Caustic Scrubber 
Stream S9v/SJ7 PT LAW 1<;v1porator Offgas U11abated 

Cost Item 

Direct Ann1111I Costs 
Utilities 

Electricity 
Steam 
Water 
Materials/Chemicals 

Operating Expenses 
Operator 
Supervi!Or 
Secondary Waste T&D 

Factor 

$0.08/kWhr 
$6.0011000 lb 
$0.2511000 gal. 
Process Specific 

$20/Hr 
15% of Operator 
Proci:5S Specific 

52 h1-.; 

Maintenance 
Labor 
Materials 

$17/Hr i.i hr/2 yr 

lndirer:t .A1rn111tl Costs 

Overhead 
Administrative 
Insurance 

Total Annual Costs (TAC) 

Rate of Return on Capital In vestment 
Service Life (years} 

Capital Reeovery Factor 
Annualized Capital Investment (AC!) 

Grand Total Annualized Costs 

I 00% of Mainlcnance Labor 

6% of Labor Costs 
2%ofTCC 
I%orTCc 

10.0()lli(, 
40 

0.1023 

ACl+TAC 

Source: Modi lied from EPA Handbook Cqntra/ 1'echllologit!• for Hazard(Jfj• Air Pallula•I• (Jlllle 1991). 

E11amole Cos1 

$0.00 
S0.00 

$5,000.00 
$25,000.00 

$1,040.00 
$156.00 

S0.00 

$204.00 
$204.00 

$840.00 
$24,348.64 
$12,174.32 

$68,966.96 

$124,493.88 

$193,460.84 
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Best Available Control Technology AnafysJs tor 

Toxic Air Pollutants for the WTP 

Table B-4. TBACT Control Technology Cost Esiimate 

Wet Caustic Scrubber 
StreamS41 PT PJM/Rm Offaas Unabated 

Cost Item B1sis 

Dinct CoslN 
Purchased Equipment COlo1S 

Equipment 
Required Ancillary Equipment (heat xcrs, quench, etc.) 
Instrumentation and Control IS% of Equipment 
Freight S% Of Equipment 

Subtotal Purchased Equipment Costs (PEC) 

Direct Installation Costs 
Foundations & Supports So/O of Subtotal PEC 
Handling & Erection 14% ofSubtatal PEC 
Electrical 4%ofSubtotal PEC 
Piping and Duct Work 4% of Subtotal PEC 
Jnsulation fOf Piping&. Equipment 4% of Subtotal PEC 
Painting 2% of Subtotal PEC 

Subtotal Installation Costs (JC) 

Site Preparation Bquipment Specifk 
Building COSIS see cost factors below 

CS Location per square foot SI,38&/sf 

Subtotal - Building (per highest applicable cost area) Equipment Specific 

Tetal Direct Coit 

Indirect Com (lnstt1llltlltm} 

Engineering I O"Ai of J>EC 
Constn,ietion and Field Expenses 5%ofPEC 
Start-up I O"A. of PEC 
Perfonnance Tests 1%ofPEC 
Contingepeics 15%ofPEC 

Total ladirec:t COJts 

Total Capital Cuts ffCC) 

equipment size 
36 sf 

Soun:e: Modified from EPA H1ndbook Contl't>I T«h11oJogies fi>r JllU6nlous Air PollUJallls (June 1991 ). 

Exanm1e C•st 

Sl.224.000.00 
$-0.00 

$183,600.00 
~61:2Q!J.00. 

$1,468,800.00 

$117,504.00 
$205,632.00 

$58,7.52.00 
$58,752..00 
SSS,7.52.00 
~9.F~.l!O 

SS28,768.00 

$20,000.0() 

$49.968.00 

S0.00 
S49,968.00 

$2,067,536.00 

$146,880.00 
$73.440.00 

$146,1!80.00 
Sl4,688.oo 

$220,320.00 

$602,208.00 

$2,669, 744.00 
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Best Available Control Technology Analysls for 

Toxic Air Pollutants for the WTP 

Table B-4. TRACT Control Technology Cost Estimate 
Wet Caustic Scrubber 

PT PJMIRFD OOps Unabated 

Cost Item 

Dinct A1t111111l Coin 
Utilities 

Electricity 
Steam 
Water 
Materials/Chemicals 

Operating Expenses 
Operator 
Supervisor 
Secondary Wa'#.e T&D 

Maintenance 
Labor 
Materials 

Jndlrttt """""' Costs 

Overhead 
Adminislrative 
Insurance 

Total Ann11al Costs (fAC) 

Rate ofReewn on Capital rnvestment 
Service Life (years} 

Capital Rei;;overy Factor 
Annualized Capital Investment (ACl) 

Grand Total Annualized Costs 

Factor 

S0.0811cWhr 
$6.00/1000 lb 
$0.2511000 gal. 
Process Specific 

520/Hr 
15% of Operator 
Process Specific 

52 hr/}'T 

$17/Hr 24 hr/:! yr 
I 00"/o of Maintenance Labor 

6% of Labor Costs 
2%ofTCC 
1%ofTCC 

10.00"/e 
40 

0.1023 

AC1+1'AC 

Source: Ma.tilled from EPA Hanc!boolc Contl'al Tt<'1'ttologles.for Hazan/011s Air Pollu1m111 (June 1991). 

Eumnk! Cose 

S0.00 
$0.00 

$10,1)00.00 
$50,QOO.OO 

$1.040.00 
$156.00 

S0.00 

S204.00 
$204.00 

$840.00 
$53,394.811 
$26,697.44 

$142,536.32 

$273,006.46 

$415,542.78 
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.._.. NUCON lnte ational, Inc 
~ 
D 
~ v MERSORBi1 ercury Adsorbents 

Design and Performance Characteristics 

MERSORB'~'-1.5 
MERSORB~ --3 
MERSORS~-4 

MERSORB~'slW 
MERSORB~'-LH 
MERSORB11!-HT 
MERSORB{ll-CR 

NUCON Bulletin 11828 -August 2004 

NUC ON international, Inc 
7000 Huntley Road Columbus, OH 43229 
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int me'~ 
P~,,.'51~ Properties 
Co!'!IJrat ME~J!ds 

~ Ph,:iise Aqjlicaticns 
Loo.g T ef1'TI lall:!cwa~{ilf!!' T es!s 
,,!i,dsorptioo Capac4ty 
P~1tide S12E B'tetJlsi 

Perf~1anCEJ: 
Press;ure Or~1 

Ve;~ooity Effects 
Te~ture E~15 
Lilbt:"W.Ory Te'!it Re.»~' 

Phase Applii::a~m'S 
Merw~ Rein~ Frorr1 1/tia~~ 

Adsorption Capamf 
Effect ecff ~1 
Oak Ridge ~or1ai LJ!tY.xa~ory Studies 
Meroory C~ Chti::wine C:ausfo Pl.amt Waste 
Merool"! Re:mov11l irom Hydmcaftc:1n '"'""i'""'"''"' 

Ca&!! Hist«"les 
Wa(erfmm Sc'1"~f'S 
•.1"' ...... ''""' ,..,,,,,~~ ... Jg~.., 
~-l~!<~I! )- "t..11~-?G • O!J~ ~-~-~ 

LNG Produe!ioo P~ar~1- Hg11l\'ia~~ Gas 
Mine Al!w~>hee 
Meroury Wasce Rec1~er- l-f.q!Hat Ra:ort Of!:..Gas, 
Meroury Was!ie Rec,~er - Hgf\!\fa1Er 
Fluorescel11 ~p Recycling, Sys1Em OEM-HgiJ.Jr 
Fluorescent La,'Tlp P~t- P(;lAir 
Mero.i~eli ~~.~aii Plan! - 0 Hg/6"1.:t, HglWater 

Tech~ts~~~ 

Refere-r:~s 
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NUCON International, Inc 
NllO Huniiry Rmd - Cillflnllllul\. OH «lat 
IFli: .,..........,,0 -f'll: ~ -· WWIM..flUIKllMri.oam 

BACKGROUND 

MERIORIRI 
.. fOUIY AdGadlllllfs­

BulMln 11B21t 
Au911d2D04 

Men:ury is a historically i~ arrd useful industrial material. Mercury arid merasry 
ocmpounds rtaw hEen used for flCIUSilflds ot· )le3!i as p9nems in nb (cinnabar. red 
sdfide). as aids to eany rrvi:tallurgy (gilding copper). and m;tnJmentallion (1hermometefs,. 
barometers)-

Mercury is the only metallic elemenl 1hat is liquid at room~- It is presSll 
1h'cudtool lhe eam. 

Men:ury is ID~c and human ingestion and expo5Ura rrust I.le pt'Hellled. When present n 
indwslrial process ffuids. met"cury c:31115E!Sc:ctffOSDI and shootd bemnoved 1opr00nglhe life 
of fie equipment. 

Men:ury has btlvap:!C' Pft!S!iUrt! and ICIW'sdublity. Thetebe, any mera.iryremoval PfOOe5S 
must be effedWe at very km ooncentratit1r1s. Adsclplion is such a pmcess. Unimpesrtalf!d 
activaled cartion is a fai"· adsortterlt lur llM!R!Ul'JI'- Bui: iCs capacity is significandy increased by 
impegrtalioo with a materiaE lhat chemic:alyH'.ads di. and hakl5. fie mefCUrY. The dlciice 
of~ is dictaled by1he~mndmn andtheCCJl11ll05ftionoftlleftuid. sa.gof 
adsaplion E41ipment is de1P.mri111ed by ihe 1fow rat&!- of 'dte fluid s1Jeam and the dSed 
oper:ationafi life of the ad5'1riJe!I .. 

This bulletin describes NUCON- p1ttduds and prucesses mr canlrol of mercuy and its 
ocmpounds.. 
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NUCON International, Inc 
:nlfl!l ~Rom! - 00!~. OH~ 
ft!: ti~"f~ - f');: 9'iJ!i...43~ • ~~:!]~~!!!Jl~ 

INTRODUCTION 

MER&Oii!El:t' 
~«·m1>¥ry AJl:~od:!ofl; 

E!~dII ne.2'.11 
At<!il~t20'M 

lJ As ~he ~thOOJ:> ~. generati~'f'I Of chlcfil"le t.')I' ef~!Tal}'SliS of t.h~de sals, 
u MarnJfacrure of ~-it~es, 
u (;,ataf ysts, 
u Si:ecia!r; ~icafs, 
1.1 Fungicides. 
u Ele:::!ron1cs man1.1faict1Dias us~ l'r!S'"~ury k\\ swl'!d'rJeS mm.surin~ ins:ttuw.en~s 
u Mel'lt'..ury is ,preseAt in ll~rest~'t la~ps;, hisli ~iEl"l~ f.arrips and LCD oorripillersoaeens., 

M'e!t:ury •15 h~da<..t<s. The Thra>5.'i"JT).~ Lim~t ~laiues-Time· WE:iJhted A~~ (TLV'-ffiA}, 
es.t;iblishedby~GCH is005mgime~)"percJJtlicl!"!l'"ueti!rair.v'l"he~ical~noom 
...,,.,,._, •ru "'"'"''"'"" • ,..1..,,..., .,.; .. "" !"• !"i(lfl[1r•"l' ""'" ""''""'""" '"'' .. _, '"""'"";,.., .... .,.,,.,.,r ;,J,, ~~ .... ='"""'""*"" .,...,,.. "'~~ H~twiu.J ~• •• Pu1·au wiiJll.<H! au· ;,·-2·'~".a..I ~,fl.it Hr~J: ~"~,s~~.w'~"ID~ 1.IQI~~ nr::u: . ~"~xi k·~1i~:1.-;; a1rB~ ~i.-"11QW 

;.ueas fl: s approxmate4)! HJCii. .of 1ha~ le\!'E!f~,. ny=ie IE!\~"s. ara ~siderEd hamiess ~,]PJS<i!' 
they are m million tmes less th3n ~he Tnr. H~..e~ .. in s~ indus.'triai efr,11imr1rn£:n5 
c..~nlirallions as .ais. Ei mg ~r ~~~rr:E!t.erm' a~r h3ve' beEn rr4£'as1Jrad. This te~ ;s 
t~s ~.e TL'lf,. 

MMorf ~et..im ~'Oduds oontai.n meW...Jl.,')'. A nt..1rribff m' ties;ts haw been rnade to detem1\r,.'1Ei' 
~ ooncer~tr.iltioo of rrtereUry in na~ural ·gas. ~'ii&:~ies in wariet.1s pans of the ltS. ~ioos in 
Saut~ Teus haw sho..m conoenliratims, ~fig; frurn ID.00.2 rr!gfm:i to ~er4.5 rng.trrfi.tn 
M'E'reur~ is alsa !pr'C>Sent ~' OOl"lder1sal'!:es frcwr1 other pr.ans c~' the wt1rlcl s.Qcl-i as lndooe~1i3. ar"~ 
h'OOh A.frie<L 
Th'e exr~"St~s iro:!l1 !.'li'a51e· inc.~1'5 and ~ mYmi!'IQI FOli!l!ef piar~a:lfl~ ~'f}'. lt 
is es.tirn.al!M.i that half o1· the global emis,s~ons. of ~'lr!f cc•me' frorri ~oss~ fuel ~bustion. 
Althu~ !itE ~ qrJanl~emi'ltfrd by·waae im:il"!era~ is fe$, the OOf!CEflniomi.are 1TUcm 
higher. 

Mercury-containing ?ia~e ~ ~~mn:ale.d s~l ~ Y'~iiie.~. f&iteriais. ren~ing mereu!l' are 
s:o..'fletimes s>.ored 1n l~~Us mt ~~ not OOl"l'~ei>; iscfailed frotm the surro1.n1dirig 
enviroflf11erc¢:. 
M~ury car~ arn.algama'!E m~h rne~a!s us.ed in prnoess. eoµip:1rrier,t causing oon"'OSI~< 
fa..~re-, ~ore. natt'IB'l ps proces."Sing: and g~iaL:tion ~·lam t\l5e ~y adsoments m 
proted: their .. ~ bo:C ~-at e·xd"langers. it ~s a pois.an fur ~e callaJysts us.~d ·In 
h)'d~ prooes.~. Calalys1s are prot~ ~n ~le· eth~-e pi.ants~ syT1tMsi5·~ .. ~ 
steam refue'!'ning umts ~rd h~~ ~~ aw~1onia ~ucton 
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NUCON lnternati1on:al1: Inc ME.~il'i~El~ 

Mll«lt.lrf Ad~l"M'ml!;; 
B!ii':1&trikinea 
A~~t2Gt4\ 

1Met Kimlflly R!:i211:1 - eel'~ OH «m!il 
P11: ~~1~ - ~: 81~1·-m&I •. ~~~~3~!!~~ 

.sa~cm~, ·.~ water 
Siawratioo oor1~~1-;11.,it\fo, 
Melting 
Boiling: pr:i~~ 
Density 
Motecular '\f~le·V'!t 

He!p~ane 

Ben2!!flE!· 
lsc1 Octane: 
l'Sc1pn:1~1~ E~r 

[1.(164. mg~ lite('."! 

·14 mg~ wbic rr~er a~r 
.. 3etrt<1 c 
35fL6~t C 

T·:1Picai!y, me solublqr of rr,,e~)!· il!'I hydn:icarb::in~• is. tien tirir-;es gn=ater "ihan in water Since 
sr..:me ge-~ic fowr.aitioos ctt!"~:ain b:o'ih liquid mereD'~ aIDiei h~oc.ari:iCifls, the nawral ga.s ~~ 
h~rocalf»"'~ liquids r~oo\;e;r~ c:a.n haW! \1er:f hi~1 rrewr~ OOfltenL 
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11111 Hllntlly Riled - Cllinllla5.,. OH cmll 
Ph:·~ -Fx: ., .... 1-GIA - WIWILllllDlllMntoam 

CONTROL METHODS 

MOSORd 
Mltllllll"Jt'I AdAUdNlllllli 

eliltltln 111&211 
Aaa•t 2'14MI 

Most mercuy conlmf ~use~ (p·lain ar impregnated) in some bm. The 
high 511rface ar.ea of the adSorbenls ~ lhemerairy and facilaU!sph)tsical adSOlptiOO er· 
dlemical n!'adiJrl_ The most oommoo base maaerial is ac:liv3ted carbm. lmpregnants are 
dlosen for suitability in a padiootar enuironmE!flf. 

NUCON lntemalional. h:.. {NUCON)+tas~1tle MERSORS*iamilyof adsamemstm 
almost euaytype of mel'Qlf)f removal aJIPK:alion. 

For~ natural p, h~liq,Uds, and smal airstreams. iixed beds ofpeleled 
MERSORS-adsorbents ace used. Ew.n 1houfle die ad!iolbent:s are. optimi2Ed for nDWnllm 
mass 11311Sferrates. ttie A:!lati¥ety sfWtt reactirJn rale ofthemerourywporwith ~impregrmtt 
requires a~ long A:!sidence tnte. lite amount d ad!iOlbent JeClllire.d 10 adtiewe high 
A:!moval efficiencyw.U get1e1aly giwe a wry long serwiice life._ 

When memmy i5 pre.sent at way low oonel!fllratim!i in re.tatNely large gas !i"1n!-amS (such as 
efftllent gases fn:mmalfin:!d ponerplanls cir waste incineradms), powdered adsod:lertlscan 
be used. The powdefied ad!Dbenls. c.an be qeaed iniJ 1he gse; 5beam and. 3'ftef· an 
appropriate 11esidenoe !lime, fiEt'ed out in a dust ccdledtlr. T em haue shCMn various degrHs 
of effedi¥EDl!Ss_ 

GAS PHASE APPLIC.ATIONS· 
Various crrllUsion processs CQfltfol lhe r.illlE- of matUJ rema1al bf impregnated carbons. 
Bulk dilfu.sion mthe surface of fie pallide. pore d'dfusion. a11d reactant arid l!E!action-pmduct 
diffusion in lhe deposited irrpegnant layer all afle.d· petbmance. NUCON base ad!iiOllJEnls 
have been selected u llH· opmniH<I pore strudJJre." 

MERSORB• adscriJenls: 
• he well suiled for pRllecling ca13iyst beds and alunmum ha e-xdtangers 
• Remove· men:t1ry from pmcess-gas streams.. 
• Hale high capacilr and renewal efffc:iency, and lciw-pessure. dRJP. 

MERSORB- i5 a regstered trademark of NUCON lnlemational. rnc. 
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Long-Tenn Laboratory Tests 

Gas 
Temperature: 
Bed Diameter: 
BedOeplh: 
Partide :SQ.oe: 
Inlet Corrce11flratioo: 
PleSSl:lrie: 
Linear Vefocity: 

Aif· 
30•c 
25ml!'l'I 
iOOml!'l'I 
3mmpeUets 
32 mg Hglm3 air 
UJATM 
3ft.&nin .. 

MERIKIRH 
MHIHlfV Adl;a..,_. 

Blllllltltln HBB 
A1111•i2H4 

Tests we1e OOftdude<t using sO: bed segrnE!f'llS. each be.mg .25 nn deep a11d 25 mm 
diameter. 
The radioactiue isolDpe con'lent of the sam~lles ae: ps bet.ween the segments was analyzed 
at periOO!c: iiltervals. The results of 1he tests kcrme1a1ryrEt'l'IOVal tcm air are !ihDtMI in Figure 
1. 

11 IJI! 

11)1) 

~ 
H : 

I ti) 

1&.S 

I H 

J n 

Ht 

u 

---...... ,...____ ~ 

--.......... --...... ... 
. "" lte·•kl••c-• lhn • • • ,, 
. !-- -1 ••e 

-Ii.fl! ••e: " •I'-- ........ a.:u ••e: 
....,...10••c 

' . 
r--i s lill iYI P.• lhilil I -........ .... ,.,...._ 

Figure 1 - Mercury R.emoval Effiiciency from Air 
at Various Reside·111ce Times 
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NUCON lnternation,all Inc 
18~Rad - Ccf~ OH~21'1! 
Al: ~~f•~ • Fx: &14-4M~ - ~!!!1~~~~!11 

rtta;;aoJRB~ 

Mlllrni;.:;ry A~l't11<l'l!!I>' 
Blli~eil!l!'tl~ISS 

Aioii1;,gt 2GM 

Similar tests fur mS"C:ury rema'i~ ~~lency i1r4 ~Qt•ity i'rorr1 natm~ ~s h~ve ~so ~i 
perfOm"led. The t:s~ p.:ara!711ellff:s ~· ~he ~rriE' as;. in ~' a~ iesis. R~s.ults are sfl~~ 
FiS\Jre 2. 

# 

~ 
.i 

' ':!!! g 
'.C: 

I 

·H.lli 

Hill 

86. 

90 

8§: 

Bil 

;r" 

.......... G<•·tl. .-..--4 ........ 1.11 ~ ... ti • 

ll 

........ fl!.~~ ~~·t!. 

....... 1:1! l'tM:L 

nm~. daya 

fl.gure 2 - Mercury Remova~ IEfficieN11cy from Naturafi G·as 
at various Residence- Tme-s 

For ~':hair and ri-..atural ~. \~ gas s.veam is; s;iirura,ed wi"lh rf!ef'Ci.i;1"f, a 1G-s~$.ll! 
resfde!'lce time is rerem'Tlen~d io a~'.lie c..~pletE refW1t,wat of~ mereuiy. At ttie~ 
c~.centratims, MERSORSs .ar::!lsQf'beni: remo\~ 10{!% of~ ~-f fer av« one year .. 
roost oomn-mereia'i applica~ions ttie mie~· conoen~oo i-s emf}'· a fraction of the sa1tirat'.D!!i 
le~, and the ~rre of me MERS"vRB• uciment is t'f?lcally se~~ years. 

An altemaie ~:ti ~~be used W rerro~ effk:ie.ncies of less than 100% are aooep1abie. 
/i. ~'nailer bed Ylill give adequate ~aince i~r ;a s;ligt1dy sJ'looi!'.i period cf time. For 
e)lampie, .a 5 second resderice time provided 240 days ~Fie· :a~ effit'M.cies ~bl)Ve 95% in f.ti:,,e 
nat~ ga.'S tes~ (F:lgi:lEe :2). S!mil•~; ;;!!: 1001 ~-0ry· oor,:eentrai:lons,, 100% refllm!i\ill car~ be 
ach~ed al les'S than m s.eoonds residence t~. · 
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Adsorption Capacity 

BulJetin 1182~ 
Ji.U~Gt 20114 

T~ ~heore'ticai ~itil:lrium .,dsorptim capacit)1 f1~ERSOR~ pellets :is. 85 g ~iHJD g 
MERSORB" ads.ortlent Ho•'«-!~, .l'f: is im:pr-~1:~! t~ rt!ach 1tia~ leii'Ef t~ OOff'lrnere,ai 
applica~ions. M extrerrev !orig 1w~,,.t~ be:~teqil.l~lft!d b:obb~ diif~sion of the mereWJ!!n~ 
ad~t arr£! k11 ·fhe ~icai OOO\"!~it1ri ·~ '!:ak.e piae!:'. In tt'le i:e;*oo of the rr.~s 

tra.~ zmie, ~ al1lllt1rJn~ :id~ isl aliiigr,S fe!<s< ttti21r. ihe ~;amk; adsorpt'.@':i 
~city d,ag. for !he e~nded otyriai~~c ad!i'~on ~es~::, .al'e smir~n T~ 3. 

~wnt. Ad§(lfi'b@d, 

g Hl.100 g M!ERSORS'.f.· 

2'3 , ... 19'· 
3 15 
4 lEl 
5 1i~ 

6 a.::. 

While Bed Se-;ment No. 6 a~_o,,~i:! ~1 sw1.all 3lrnt>ljWIJt r.'lf mt:rCUT}t. tt1ere Y•as. no d~e 
brei.iikl!hrough from· 1he at end cl tt1e lE!fi.t 
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NUCON lnternation:al .. Inc 
1MQ ~ FIDl!d -~ Off~ 
F~: ~~I • Fx: 8144l!!1..-a - '.!:!!!~~~H!I"'~~ 

Particle Size Effects 

IV!E!RaORS'.!tl 
ll!t1n1ur,r Adr;c~fl!i~ 

E!ull'«!lln i1B28 
lirdiiiill 211114 

TbS! partidE sTzie d the MERSORB" ~sorbent ~~i se\Era! c~mng p.3ra~. DaQ 
or:&:ierning tile b.'t'O most 1f"l1=~~nt criteria'. pe~rttE press.we ~op, has il~ 
de~a~. 

Pert«mance 

TrE d)Tia~ peribrnrance cl smali f;a1lde size ;ai:ciSQften~ l!!i ah\ldl}~ better m~"ll fur mat of 
largersi~s. F~~re J sbm.!S ~~ e•efllCe ir1 perlbm~a;~ ~n MERSORB~ l .fi Frlflfi aoo 
3 mIT! ~~-These tests were oonduci.&l usir1g; air sa~uraree ~'tith mercury ~t 3oi·c. The 125.l! 
bed dmensioos. ~ 25 mm diarnie~er ti')! 25 mm it1r1g. 

t[!;{l; .--------------.................................................. 41 

ss:---------------------

urieH \!1B~e1c,.1tf. s rt.imrn. I 75..,.,_... ....... _... .............. ______ ........ ____ -1-~~~~~-1 

roi ............................................ """" ...................................... --------....qi 
1 

T~me, {fays 

F'i11!Un!' 3 - Efftl!'ct of Partic~e s~ Cl'fli Me1nr::11.uy Re0movat from Air 

differanCie is very ncm~ all short ~id!EflCE- mies. The mitial effitiency for 1.5 rnm 
pellets al! t .67 seoonds re'2'~~ timie is while ~'cir 3, rnrr1 it Is around ~3%. 
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Pressure Drop 

MERi0~:$l'.J 
lleirl'.iUJY A.dlimbe~G 

Bulfetln 11 82& 
AU!l"Jr:i 2!004 

press.iJrE drop through a pacll:ed bed in~a~ :as pa"tk~ !iilE d«ll:,:ise5. Pres~~ drctp 
C?li>MJVes fur MERS.ORB~ ~ti~ at atti'm~hefic ~1reS•SiUf~ afe! sh~ in Figure 

.. 

,...,. .. ~ 

I,;"' ~ 
_,,,, 

~ - - I ..... -,,,,,,..,,- .. ~ 

11.SMM ,,.. ,,,,, 
I I I I ..,, _.. 

I J _,,,,."" 
3MM 
~MlM 

11 
. . . 

Natural gas prooess~,g is r@Cmnally dooe a~ high ~~'5i511JrE. F~1 fE!sistar~e- fur a typi~ 
operating pressur•E< is sh~ ir1 frgure EL 
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Velocity Effects 

1 . 
I 

--3mm• ----___, ••••••4mm ! ,.,.,-, -
v. ~. -. -

-

~ 

~ -- . 

, 
PlllMlll!ll. 550--_,;' 

/ .· 
/ 

/. . 

2CllO HOO .-ae 580iJ 

Natural Gas Row Ratil!. llcsllirlsq ft: 

... 

·-

MERIOIUl«t 
.. HllllY A4Slill'IMI. 

Bulflltln 11828 
AulUd2tHl4 

Figure 5 - PressUl"e Drop Through lllE.RSOR- Pelleted Ads«bent 
NUCON ran l~tests on 4 nm MERsame pelfelS usir19 two diflf!re.nt gas w#oc:ities 
wtlh the bed depth of 12 Dches. The aimpaa1i'41'e results~ 30 days of le.sling are shoMI 
inlable4. 

lfable 4.. Effect of Velocity on DynamiC Adlsorptioll!fl 

1.67 
3.33 
5.00 

3 fti1111in 

42.8 
B0.3 
Q0.7 

6ftfmin 

M..4 
88.7 

1!00.0 

Removal effici!flcy is generally perce~ as a function of 1he residence time. However. at 
highersllJJerftcial gas vef:oCity. 1he removal efficiency at agiwn resid!l'ICE! time iff1>RMl'l!S due 
to fawrahie dirusion etfec15. 

11 
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Temperature Effects 

MEltlO~ 
-GUIY AdGlllllll. 

Bul~rt11BD 
Au911d2004 

Operalioo af men:uyremoval sy5llems at high ~R!s is sCllt'tetimes necessary. There 
are two major effec1s ~ pefmmarrce at etevaled tsr~re.s.. The sulfur i~nt 
can: 

• Vaporize fi inert a1rrtmflltaes. or 
• Oxidize in air almo.sphees.. 

NUCON USES a 1.1riiq11e manufadllrmg meltlCJd lo m3fi! the MERSORB*' sulfur-impqnated 
adscdteflls.. The result is a product ttlat r.etli'ls h iqtn!{J1ar1t l1ell!tr at hid' ~ 
temperatures 8'3111 Ille ad!iCM!benls ~tcydllefS.. Them1ogram1emcanalysis aflhe 
NUCON 3fld ~ pmdud has substarltialed tis fad. 

The results of lh~etric analysis of sa•$ of 3 nm MlE:RSoRB• mero&Jl!\f 
adscmem and a ootllflEliM 4x10 mesh size granular ad!ubenl: are !llowft in FVR 6. F« 
the ccm~ {SJ311ular) padud. almost half of lhe in11re.gnanl: was bst at temperafb.tres 
amund the boiling point of water~ On the alher hand. 1lle MERSORB* mans no weight loss 
unti the tempemre eJOCeed5 200" C. 

The differences are ewn nR noticealtle b le.sis o:indUmd in air {See Figure 7). The 
we9tt loss at Emperalures ab<Ne 27S11C fCr·ttte ccmpetitiw JfR!dud ilidfu:ates tt!lat bott1 lhe 
sulfur impegnant 3f1d SGme of 1tie· cadxln i!i llt!img mrilrflBI. f1:tr lhe NOCON MERSORB• 
malE!rial. only a small pcction af the Yllfur is lost at that IE~ure.. 

Aspec::ialgrade.MERSORB-HT.isiiWajFallfefCr·high~te.raluteappficalions(greatEf'ilan 
100 •q. Through a unique mam1facwriftg process. lhe sdfur is OOfWl!l1E!d to a bm dtat is 
vefJ'stable. The weidtlloss of MERSOOS-HT Mterl sut~jeded 1D a temperawreof 200 ac is 
typically 2%. 

12 
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l\l!Efl.80R~' 
~t<n!ll'Y Adr>~l!;'!G­

~Hil''ilrt 11828 
~Qfl.llit: ffi(!4 

All 1hemieigra11,rr1etrfc ~ests 't.l'ere ~om~ on cam"ll ~~ai> h:atd t~n dned ~ ram0'11ie 
r!'!;O:lsb..1'!'e' -

0[~ 1i!S1s 'Ne!i' ~~wt1ted a, Stf;S>,:ilm of I~e fbr11ir1g al bed of 
MERSOREI" 1.fi, j:lf!llas at 15G~'c_ After 24 hours, th~ im~~~~t w, wa:si only [l_f~, 

T~ MER:SORB~ sr:!21fur rr1p~:l'.M .i\dsc1rbents; arie, tfL!l~i~' ooritr'l'.41 te11ted a~ 200(!C tc 
in~e 5tabilil)• ~'the irr~~ant 

LABORATORY TEST R.ESUl TS 

res.\llts of laooratar:t tal-s peribfTllEd t4n s~Eral ,slr:r~l;i~o g;as, sneaf!'~ have beE!11 
u~ as a basis fur the ~t>Sign m :mertury rE!i"l"W"\~I ~roOf:"!>~!i- T~,,e''J nclude c:ff;as ~om 
mi);erl \\la!StE' inclniera~ion, a p!a,Sfl'la; erlh~ee.tl l!'IE'l!iert_ 'l/.f~mil;,;rfm of ai ~II, and a 
C::~ical r!'ltmit1N'15· ~-icineratioo p-ooes;. T:at{~, 5 s;ha~'t:i ~ '!'t'sOOS· cif t~s;e tests .. 

wm~.8«!1 wam MIJ1~• wa;ff ttm c:G11t we• IPIM1mi21-
1meif7l6'!'S·Httn~ lmel1!16t'!'i¥JJ!ll!lill $NS f'adllli!;.:11 Ef!!hHIG::N! 

lnit:f1Mlra11oo 1: 

Gas lr1ert Off GClS §nert 00 Gas ."1.5x Smaas 
lmpuritie5 ff02, HCt Nit.r~ 

Mercury Cone .. IT''l<~OO m lG lfi (L[.155 0.55 
I ~perab.ira, "'C 150 iw' ~Jt!. 30 
Residem::e llrr1e, sec G.9Q Ct63 D ?' 20 
T~'St Oura~ion. hr 1000 10:! ao g 

Me!t:t.l!Y Remmial Eff., ~}--

'"' 9a.B 99.997 @kHI ~.QQ 
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LIQUID PHASE APPLICATIONS 

MEltlOR9f> 
llltlHIUQ' A41sadlelil5 

llUlhdfD 11828 
1W11111I 2D04 

NUCON also polfuces merot1ry R!m08 adsCllbents for liquid phase allfJ(ic:ations. The 
MERSORB•l desiptalion is used farpmdud!i desipted 1D ranoire me.rwryfromdle liquid 
phase. There are two products used far liquid phase applicaticn: 

.. MERSOREf' LW for' liquid phase, aqueoos solutioos 

.. MERSORB. LH far liquid phase hydrocarbons 

The ftip~ used m make LW pade iS ilsdullfe in wala. The imp~ usedklmalr.e 
LH grade i5 Insoluble in common h)d'ocar'bons.. 

lhe standard LW and lhe LH grades are supplied 3!i 1..5 3'1d 0.0 mm dial'M!ter pelrt!ts. 
C4J!itcm pa"1c:fe sm are available. 

Mercury Removal from Water 

The MERSORB• lW grades dlemicalLY react with elementll mercury a water-!iduble 
mlftlLlry salts wihin the pcre swcue of the adSabent.. Ew.n 1hoogh lhe SC!ful:Hliff of 
e1emenlal menuy in water is low (41064 rngllltef!i. emrironmerdal aull!larities ofteft specify 
nm rawer· te'&ll!k Sdllllfe mm:ury sails can be present at mud!, higher COl'loentr.itms in 
varims contiminamd streams. 

lhe menuy ad54J11l1ion capacity of ME~ LW is conCS!lratiarr d'eJIE!Rdertl. T)l:Hcal 
deSVI• 00ftl3c:C lines are in 1he range of 20-40 minu!IP.s at aml:Me.rrt ten1pe.rature. The 
MIERSORB• LW gaades can be used at lempemures up 1D go• C. 

lif l3lg!' amM1rds of dissolved Clgi!flic mab!fial are also present in the iC!,UE!DUS Slreams, :an 
unimpregrtaled carbon (NUSORB• 3cee.1..5) :sho(jd be used as a guard bed to inCR!'aSe die 
life and efticiency of the MERSORB LW far merot1ry l!f!fl'IOViil. 

Adsorption Capacity 

Figilre 8 shows an iSOlheim fclr ad~n of ionic mercury tom l\l'l!lter. WaEf' (pH 7) 
cont!tining 50 ppm merwry (as Hg •2 fRlm Hgel.i) was canladed Vlifl various 31'11C1Urits of 
MERSORB* LW-3 ground to -325 mesh. After 24 hows die cadxln1 was filk!red out and the 
res.ifuat meRDy coocentratim in the filtraE was deBmined by Ammie: Abs«peion 
Spedrosoopy. 

1 !. 
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T~ pH of the watei! ln!luem:es 'the adsarp~it;,n ca;:1ac::ty !~ nrieret111')'. f1>itR:SIOF!Bp LW •Yas 
ground m -325 me!h and a. 1 gwas mixed 'Ail'ltl 1n:ll of reag;ent g~ waff oor~in~ Qif.4 
~ merwr~.1lter w~er: pH was adjus.'tE'd wmh NaCtH !dutitirt The 'r:C'sli.:l!.13' :inercuf)I 
c~,icentra~icm was fll'ieasP..iied aft!er 24 ~ .. 5, ~e· ~esults are· shm~ in Table 

pH 

gg 

The effea. rif other icn5 ~ the· \.\later an mercul"'t adsorpt~ ~!1 be st&t<S1ta.i~'tial. ContJ(:t ~.Jr 
MERSORStt applica~~"'i!Si e<!"~lneer for ad\rioe in 'lheSA? ro5•E'S·, 

Page 99 



TOC-ENV-NOC-5241 7/28/2015 - 2:42 PM 174of180 

~ washingtonriver 
~ protectionso/ut1ons 

TOC-ENV-NOC-5241 REV OOA 

RPP-ENV-46679 Rev. 1 

NUCON International, Inc 
7GIOHurdllt'RCllld. ~. OM41nt 
Ph: 114-f141..ii.t'W - h::tH~ - ~nt.oam 

Gak R.idge National Laboratory Studies 

MERIOR&li 
liltlFGUIY AdGllllMllld5 

Bulldia 11828 
11i111111si .2004 

~ ~s oontanilg meta11Jmust be 1realed at a number of rwdearfacilies. As a part 
of a pqam 1D cbt1in prelimiiaytecltnical data. a team at Oat Ridge Naional Laboratmy 
perfOnne.d lab sfwdies using a sctutioo of metCUfY in watel" symhesimd kt duplicaie ~e af 
the zmal wastes..IJIJ Tlheyfm.ind 1tta1 MERSORB• LW was effectiue m this appficatiof'I. BJ 
waJ)'ing scdutim conditiaf'ls. ilfleyloond that men:uryupeakevra5 s~sl'cMer aUowpH and 
thatc:ampetng cations redooed ~ 1xllal amoofll af merc:uy ~. Whi~ h!· lheotaical 
capacity is 0.71 Hof MERSORB" LW. at lhe 1ow con~ used far 1he teslls, ~ 
eapacitJwas 0.12 gig al neutral pH. The rale of mercury adsolptioo was bmd ID follow fl!ii,. 
01der tmeoo 11e1t .. _._ 

fn 3r.1Clfherstudy, UERSORB4' lW wasevallJialed bits 11EftUJ ll!fllwalfRHrrl wata·slJeams 
aftK:h C:Cirftalfli dissolwd ntefal'J sa1t5•"1 fn tttese ~· 1he Might [)i,s"fril:dioo 
Coetficierlt (D). that is. tflJe ad!iCllbed amount per kilogram of dry adsorbent diuicfed by the 
amount pe1·li1er of sduiicn, ~ de'fEmined at two merc:uy ~from 3 0.05 M 
sodium nilJ"ale and a Cl..05 M sadiim dicride sctdion. The mercc.1ty in; 11Te inftuent was 
p~sen• i1!i 1-1g•2_ 

Taible 1·. Disttribliltion Coefficient of Hg-It! on MERSORB• LW 

Frcm O.Cl5 M NaN03 16.!:00 (~) 
From O.Cl5 M NaCl 1.000.000 (r.g) 

Mercury Celll Chlorine Caustic Plant Waste 

0.1111 mot Hglkg 

76,200 (I/kg~ 
175.000 (lttg) 

Was1ewa1er·disdlarges fmm lhe HoltraChem dllcr-aliali pfant in Maine exceeded, U!te 
nevcf¥ e!tihlished me!RDJ' ooncerilration &nils imposed by ttre EPA l'.r:i_ An e«tensw 
process sys..,. was inslalled w.hich included opimization of the sulfide prHealment 
sep. adjuslmerd d pH and ttte addition of 0.5 mtCRJll paltide iitefs, foilmwd by a 
polishimg bed at MERSORB* lW ntefalfJ adsodlent. The ff!Sull was a reduction in ttie 
ettruat concenbalion ID beb.u 5D ppTw. Process oonditions fCr11Te MERSORB- adsarber 
\WR':: 

Flow: 
Residence til!TIE! 
rn1et MemiJ)I· Ccn:enttalim 
MeR:ury Removal Efiic:iency 

100gpm 
45minutes 

8ppb 
98.64% 

l1 
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~ 
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~ 
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NUCON International, Inc 
:i'Dro ~t R~ • ~~11,, OH 44211' 
Al: ~~ti' - F": 61~1~ - '!!!!,~~~~[!!. 

Mercury Re1noval frmn Hydrocarbon Uquids 

MIERSOR,n 
Wi!JHlll'l/Y AdHOl!d!i 

S!.!lfdrt 11 B:lll 
~.i!&jlUC>t 2!Hi4 

Tests ha\!e been petrlomi«4 in the r~UCON ~.~cir.; t~Siing MERSORB<I'' LH ro rHff!Oi.'e· 
ele~.lJal men'Jll' i°IL:1i'i"I h~ne. E~iibrh.m ~st1.rptm re5ft!ll~s ~if:\ si1-fl'.J111.rn •n F1gu!'"Ef ~-

II 

l 
~ 
i 

1-it--__.._._ ................ ......__._......_ ........ ........, ____ ................. .........,~--.-.. .......... .......,i 

G.litl(!1: 0.0>0:1 !:U!'f. 0 .. 1 ~ 

~erc:u:ry· C:ol"!.ce·ntrat~~n. mg Hgi.rtg He·p~:ane 

Figure 9 - Me1nr:,urr Adsoll'ptt-0in from Heptiane\, MERSORIBf:' LH 
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NUCON International, Inc 
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Ph:-~ • Fll: .,.........__. - 'llMUIUllCll'Mnl.aom 

CASE HISTORIES 

Water from A.iir Scrubbers 

MERIOIUKI 
lhHlllQ' Atkliedlaalfs 

BuMn11B28 
AuaulliHG4 

Foc some smal rredical was&e R:inerabs, ttie edtau5t gas is passed throul#I a water· 
scrubber lo n:im:we particuliilEs and water-sdullle compounds. NVlf mercury ple!ienl in the 
Wa!i'te is coolai1ed in the smibl:IEI' water. Dumg a four-mooll demonstration proied.. 
scrubber '1113f1Er ~ing an aver.age of 300 ppbw Hg was passed through a cdumn of 
MERSORB* LW m n:im:we the mercury. An average eflluent le\!el of less than 2 pfllM Hg 
wa5 maintained OUErlhis period. 

Mercury Celll lfVtfrogen 

tip 1111rity hydrogen chloride {HCI} is manufadl11ed by n:iading hydrogen arvd ·chloline_ A 
facility using ~ ftcm chlorine.l'causlic mercury cells ftl!it 1'!1110\'e the mEfcttry in tie 
hydrogen to meet~ b 1he HCl Melelil'f concentrations up m 300 Pflb were 
re:luC!!d ID less tttanCUH ppl> in a Y1Q1e cotuim al MERSOREf' 3 mm diametff pelrets.. lllis 
§llSlem has been in operation for O¥er" efsttt years wilh 100% memory ~al efftciency .. 

LNG Produc~ion Plant-. HU in Natural Gas 

A weslem USA natwal gas processing pbrll produces LNG in ofder lo n:ijed olrogl'ft 
fun the gas. This pbrlt h~ its mera.iry R!mOViil seclioo upmeam of the C°'2 riem:wal 
section. The pblil was ~ng a aimpetihe mereury adsolbent and suff8ed mereLIJ 
oonosion dcMm1Jean due to pDCI" mercury 1'!1Jloval efficiency. SullUr cont1lftination 11 ttie 
NGl. vras also observed, due ID l'oss of sulfur fun fhe mercury adscdienl caused by 
waler-dJt'd eanyovE!r. The plant instaled MERSORS" menuy adsorbent and sulfur 
comanmation at their NGl WZi etimilated and the ccncentration mercurylwl:Kc rneU!ir in 
the trealed SJli5 ~s consistEntly < 2 11t311CJgram5 •. 

Mine Atmosphere 

A gdd mining plant in Nevada eflCOlftered COf'ICEfllraticJns wen above 1he TLV in ~ 
enclosed processing area. ha air purificatioo syslem cont.iining MERSORB" 3 mn pele1s 
vras instaHed_ The men:ury level has been raluCed to below 1he TLV. 
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~ 
....... 
c= 
c::J 
~"' 

NUCON In national, Inc 
:!"~ HoolWi F!atm • CQ!~~Ii, OH~ 
Pn: ~~'t - F';(: 91~t~ .. ~~!:?l!!!!::!!!~~~ 

MERtO~~' 
!t~n111q A~r:G!'tm~~ 

su1m~n' 1 ·1 e2a 
11.'i.!QlilGt 2tlt!4 

A Je"'...,'d'Sr ~larit us!'s a rerof!l ~· p~s its ri11eftll~ring, v.ra~tes. U~ng; a rompettive 
~ury adsorber1t tc; fi.lier ~he 250>C;F off-gas,, 'hey @.lliperienc:e:i r~'"'E':a4ted ~ril tires. A~r 
!ab 'testing all a'\raiilable me~&iry ad~n!5~ ~ s~clled m MERE~ORB~ r!:"IE!fW~ 
ad~t. Thll!fe· hati-e b~~ no fu~ pmbMs with tea f~re:~ and rns~!lrf emissiori 
requil"M!ents- .~ rr:~t 

Tre...~ng ~m: «iru:h::ns.2JE mter fur rr<Efmi'f re.':Ttmral \ilsing ~ rom~]t[;!1(!< f!'ltid!Jc:t did n~ 
amSie !the desired perl~!iiinoe· .. A~r instai'f~g t~RSORB~ l W rrierf.l:l.11}' aidSiment, me· 
u~r redw:::ed m~r1 le;.ie£;,s ·~ tlrea£&1 ~er from :as high as 1 ~m' Hg 10' ~ss 

1 ~·pbN 

An OB!Ji ~lied !Se\lerai c:rirnJt.Etti'J~ ~l.irf ~rbent pro:ch.1cts ~ decir~ to us.Jf:\ 
f~SORS11 rr<@rwry -~sr:iment O~ 2D systems msi~ al! ~t fi'l'!E!~wrf E<n:-1is.s1ioos 
r:eguiatims E\len w1ilh a ~.hift: ~mp rec~ir@ oper:aitioo. ~he men:;Ufll' ad~n~ las'ls 
SE'Veral ~-2€5. 

Fluorescent lamp Pilant-Hg j;n Air 

Th'£' plant needed to cornooi ~he merc~ry e~s.ion.s irom ltieir fluore~ri! la.ll'TI;p r~ng 
ovens. An air i':Xliiet!tion s~'fem \i't!QIS 'nst3U~, ~rid;.MlH~ an a<lsw~ ~ining 
MERSOfU:lm LH rne~y' adsorbef!Jt. ~rury ·OOl'l~!~s. amJnd the· uni'!: we.re reduc;&! 
fr~ ~'lk ioo micrograms Hglwbii:: mt:~er 10 1"100-de~~ le11"els ci,· < 1 microgram 
H~a.itic ~er, e11'\i:f'I though 1he· ~~ air '!Empef"aMe \~~ O\ter 1f!O 11f·. 

The plant needed ~o dras1i~~ reduce It~ mereury emissIDns. in ~s sp8i!I brifle·. A 
gpm sec:on~ treatment sys~'fl ming MERSOR'8* meraiFf a~m: wJa:s iriSUl?'iEd. 
Tt'-1£' pnx;ess reduced m~"f'J r~s. if~ me brine ftom > 00 ppbw Hg ~o < [1.000 p~1b1A' Hg 
(<50 ppTrimon by· weigh4)., 
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OPERATllNG GUIDELINES 

MERIOIUNJ 
lltlHlllQ' AdGGltllllds 

Bu1Mn11B28 
AuGILld2004 

The l'oUmwll!lQ all!general glidancefcrt)Pical ~· Contadus todisems MERSORS­
applicalions tiill'tt!e.d fn 70ur specilc operatiMg conditioo.s. 

1. Do naf use dlee pnxluds for aOdic sdlltions. Acids reading with S'Ulf1.lr CClllJD.mds 
can generate h,mogen !Ufide (1-W). wflidl is poisoooos. Removalefliaerlcyftlric!nic 
men:uy decreases at a pH below 7. For efemefllal mercury. a pH 3t!i low as 4 can be 
used. 

Z \Nhen n00i-mere11ry iq>Urities must ~ be felflCM!d. ii may be desiraille 1D use 
·guard" adsorberd: beds in senrice up!iftam of tile UERSORB• adsccrberd: beds lo 
rmtCIW! these impuritiei and mease the life of the ~ adsccrptioo bed. 

3. Mll!mmy remmred bf' 9le 54Jffur im~ MERSOREr' is ~ by 9le 
adsClf!ti:lefd 1D melt:llric sulfide, a natlRly ,accuning CClfl1XUlid. SJ!Effl adsOO:lefll 
silooM be hanlled acccrditg 11:1 appropriate dsposal pmcedures and acoording lo 
~~e ~and lranSpOOalion regufiaicns.. 

4. Fer CJlltimJJm removal efficiency. it i5 always.~ to ClfJEfa(e a deep bed at high 
1N!IOeity rathef' than shallow adsCJrilent bed at a law vefociy_ 

5. II is impof't1111 to haNe effediwe tiqutd lmockoot upsnam of gas phase mem.1ry 
adsCJqliion beds.. Liquid hydlooarbons can dissdt1e lie Ufur impegrtaflt Anfliq,uid!i 
entefingcM"«lrlcfeming in die adsorbent bed intEdere wiU'I fhemerouryadsmptiofl rate 
and capacity. Et is alsc oommcn for natural gas sbeams m be- satura1E!d wittl walEf. 
Sft:e mgh relatiwe. humRtily interieR!S ..... mel'ClllJ adsorptim:,, It i5 illlportartl 1D raise 
thetemperatu~ af'the gaseoough to reduce 8M!! relalliwe humidity teiss 1ttanQO%. This 
\'rill also riaimae 9le possjl:Mlity of gelling liquid water on the ad5ctbf!nl beds. fl is also 
helpM1D heat trace the pping be.tween 9le heae-aadtheadsarberm plt!-WB'itcooing 

- condensation. 

6. The UERSORB• mere.ury adsClbents ha1le been shown to tie- effedive aa ll!lai1i¥ely 
h91 operating 1emf3erature5. Rea!ie oonliic.tyoor MERSORB* appicatioos engineer 
for spreific pmdud reoommenda1:ioos furycur particular' siluatian~ 

.21 
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MEFUiOUlt' 
~ein111;;y .f!.Efz.;ill.m~~ 

Siilidfl'I n El28 
P,u~MGt :l!tl04 

M:ERSORff'' a1pp~ic:a~~t>Tu3i t'll"~&i~-s• can ad~ise .l.!lser.;. r~~ming ~t~~i;ai :rec;1:11,1ety elf 
~'t:1.11y 'frtlm ~~ «~s;oroent bed: ... 
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DEPAlnMtNT OF 

ECOLOGY 
Stal* of Washington Notice of Construction Application 

Attachment 2 
15-ECD-0040 

This application applies statewide for facilities under the Department of Ecology's 
jurisdiction. Submit this form for review of your project to construct a new or modified 
source of air emissions. Please refer to Ecology Forms ECY 070-41 Oa-g, "Instructions for 
NOC Application," for general information about completing the application. 

Ecology offers up to two hours of free pre-application assistance. We encourage you to 
schedule a pre-application meeting with the contact person specified for the location of your 
proposal, below. If you use up your two hours of free pre-application assistance, we will 
continue to assist you after you submit Part 1 of the application and the application fee. You 
may schedule a meeting w.ith us at any point in the process. 

Upon completion of the application, please enclose a check for the initial fee and mail to: 

Department of Ecology 
Cashiering Unit 
P.O. Box 47611 
Olympia, WA 98504-7611 

1·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·1 . . 
! For Fiscal Office Use Only: ! 
I I . . 
I 001-NSR-216-0299-000404 I 
L. _. _. _, _. _, _, _. _. _, _. _. _. _. _. _, _. _. _. _. - .I 

Check the box for the location of your proposal. For assistance, call the contact listed below: 

Ecology Permitting Office Contact 

D Chelan, Douglas, Kittitas, Klickitat, or Okanogan County 
Lynnette Haller 
(509) 457-7126 

CRO Ecology Central Regional Office - Air Quality Program 
lynnette.haller@ecy. wa. gov 

Adams, Asotin, Columbia, Ferry, Franklin, 
Greg Flibbert D Garfield, Grant, Lincoln, Pend Oreille, Stevens, 

(509) 329-3452 
ERO Walla Walla or Whitman County 

gregory.flibbert@ecy.wa.gov 
Ecology Eastern Regional Office - Air Quality Program 

D San Juan County 
David Adler 

( 425) 649-7082 
NWRO Ecology Northwest Regional Office - Air Quality Program 

david.adler@ecy. wa. gov 

For actions taken at 

D Kraft and Sulfite Paper Mills and Aluminum Smelters Garin Schrieve 

IND Ecology Industrial Section - Waste 2 Resources Program (360) 407-6916 
garin.schrieve@ecy.wa.gov 

Permit manager: 

~ 
For.actions taken on the Philip Gent 

US Department of Energy Hanford Reservation (509) 372-7983 
NWP Ecology Nuclear Waste Program .QhiliQ.gent@ecy.wa.gov 

ECY 070-410 (Rev. 112013) Page 1 of7 
If you need'this document in a format for the visually impaired, call the Air Quality Program at 360-407-6800. Persons with 
hearing loss can call 711 for Washington Relay Service. Persons with a speech disability can call 877-833-6341. 



Attachment 2 
15-ECD-0040 

DEPARTMENT OF 

ECOLOGY Notice of Construction Application State of Washington 

Check the box below for the fee that applies to your application. 

New project or equipment: 

D $1,500: Basic project initial fee covers up to 16 hours of review. 

D $10,000: Complex project initial fee covers up to 106 hours ofreview. 

Change to an existing permit or equipment: 

D 
$200: Administrative or simple change initial fee covers up to 3 hours ofreview 
Ecology may detennine your change is complex during completeness review of your application. If 
your project is complex, you must pay the additional $675 before we will continue working on your 
application. 

~ $875: Complex change initial fee covers up to 10 hours of review 

D $350 flat fee: Replace or alter control technology equipment under WAC 173-400-114 

Ecology will contact you if we determine your change belongs in another fee category. You must 
pay the fee associated with that category before we will continue working on your application. 

Read each statement, then check the box next to it to acknowledge that you agree. 

~ 
The initial fee you submitted may not cover the cost of processing your application. Ecology will 
track the number of hours spent on your project. If the number of hours Ecology spends exceeds 
the hours included in your initial fee, Ecology will bill you $95 per hour for the extra time. 

~ You must include all information requested by this application. Ecology may not process your 
application if it does not include all the information requested. 

~ Submittal of this application allows Ecology staff to visit and inspect your facility. 

ECY 070-410 (Rev. 1/2013) Page 2 of7 
If you need this document in a format for the visually impaired, call the Air Quality Program at 360-407-6800. Persons with 
hearing loss can call 711 for Washington Relay Service. Persons with a speech disability can call 877-833-6341. 



DEPARTMENT OF 

ECOLOGY 
Stat~ or Washington Notice of Construction Application 

Part 1: General Information 

I . Pro.iect, Facility, and Company Information 
1. Project Name 
Revision 3 of Ecology Order DEl lNWP-001 
2. Facility Name 
United States Department of Energy, Office of River Protection 
3. Facility Street Address 
2440 Stevens Drive, Richland, WA 99352 
4. Facility Legal Description 
Hanford Site, 200 West and 200 East Areas 

5. Company Legal Name (if different from Facility Name) 

6. Company Mailing Address (street, city, state, zip) 
P.O. Box 550, MSIN H6-60, Richland, WA 99352 

II. Contact Information and Certification 
1. Facility Contact Name (who will be onsite) 
Dennis Bowser 
2. Facility Contact Mailing Address (if different than Company Mailing Address) 

3. Facility Contact Phone Number 14. Facility Contact E-mail 
(509) 373-2566 Dennis W Bowser(@orp.doe.gov 
5. Billing Contact Name (who should receive billing information) 
Dennis Bowser 
6. Billing Contact Mailing Address (if different than Company Mailing Address) 

7. Billing Contact Phone Number 18. Billing Contact E-mail 
(509) 373-2566 Dennis W Bowser(@orp.doe.gov 

9. Consultant Name (optional - if 3rd party hired to complete application elements) 

10. Consultant Organization/Company 

11. Consultant Mailing Address (street, city, state, zip) 

12. Consultant Phone Number 113.Consultant E-mail 

Attachment 2 
15-ECD-0040 

14. Responsible Official Name and Title (who is responsible for project policy or decision-making) 
Kevin W. Smith, Manager 
16. Responsible Official Phone 117. Responsible Official E-mail 
(509) 372-2315 Kevin W Smith(@orp.doe.gov 
18. Responsible Official Certification and Signature 
I certify, based on information and belief formed after reasonable inquiry, the statements and information in 
this application are true, accurate and complete. \G-L.O . ~ e/c ,j, ~ 

l I 
ECY 070-410 (Rev. 1/2013) Page 3 of7 
If you need this document in a format for the visually impaired, call the Air Quality Program at 360-407-6800. Persons with 
hearing loss can call 711 for Washington Relay Service. Persons with a speech disability can call 877-833-6341. 



DEPAHTMENT OF 

ECOLOGY 
Stale of Washhigton Notice of Construction Application 

1. Facility Contact Name (who will be onsite) 
Dennis Bowser 

2. Facility Contact Mailing Address (if different than Company Mailing Address) 

3. Facility Contact Phone Number , 4. Facility Contact E-mail 
(509) 373-2566 Dennis W Bowser@orp.doe.gov 
5. Billing Contact Name (who should receive billing information) 
Dennis Bowser 
6. Billing Contact Mailing Address (if different than Company Mailing Address) 

7. Billing Contact Phone Number , 8. Billing Contact E-mail 
(509) 373-2566 Dennis W Bowser@orp.doe.gov 

9. Consultant Name (optional- if3rd party hired to complete application elements) 

10. Consultant Organization/Company 

11. Consultant Mailing Address (street, city, state, zip) 

12. Consultant Phone Number 113 .Consultant E-mai~ 
• ,g ~ . A 

Signature t"'_ t '"") ~~ Date ~ I l 'l--1 ,,..o t -..s 
• . • l 

Part 2: Technical Information 

Attachment 2 
15-ECD-0040 

The Technical Information may be sent with this application form to the Cashiering Unit, or 
may be sent directly to the Ecology regional office with jurisdiction along with a copy of this 
application form. 

For all sections, check the box next to each item as you complete it. 

III. Project Description 

Please attach the following to your application. 

~Written narrative describing your proposed project. 
~ Projected construction start and completion dates. 
~ Operating schedule and production rates. 
~ List of all major process equipment with manufacturer and maximum rated capacity. 
~ Process flow diagram with all emission points identified. 
~ Plan view site map. 

D Manufacturer specification sheets for major process equipment components. 
~ Manufacturer specification sheets for pollution control equipment. 
~Fuel specifications, including type, consumption (per hour & per year) and percent sulfur. 
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IV. State Environmental Policy Act (SEP A) Compliance 

Check the appropriate box below. 

IZI SEP A review is complete: 
Include a copy of the final SEP A checklist and SEP A determination (e.g., DNS, MDNS, 

EIS) with your application. 

D SEP A review has not been conducted: 

D If review will be conducted by another agency, list the agency. You must 
provide a copy of the final SEP A checklist and SEP A determination before 
Ecology will issue your permit. 
Agency Reviewing SEP A: 

D If the review will be conducted by Ecology, fill out a SEP A checklist and 
submit it with your application. You can find a SEP A checklist online at 
www. ecy. wa. gov /programs/ sea/ sepal docs/ echecklist.doc 
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If yes, please provide the following information regarding your criteria emissions in your 
application. 

0 The names of the criteria air pollutants emitted (i.e., NOx, S02, CO, PM2.s, PM10, TSP, VOC, and 
Pb) 

0 Potential emissions of criteria air pollutants in tons per hour, tons per day, and tons per year 
(include calculations) 

0 If there will be any fugitive criteria pollutant emissions, clearly identify the pollutant and 
quantity 

VI. Emissions Estimations of Toxic Air Pollutants 

Does your project generate toxic air pollutant emissions? 0 Yes 0 No 

If yes, please provide the following information regarding your toxic air pollutant emissions in your 
application. 

0 The names of the toxic air pollutants emitted (specified in WAC 173-460-1501) 

0 Potential emissions of toxic air pollutants in pounds per hour, pounds per day, and pounds per 
year (include calculations) 

0 If there will be any fugitive toxic air pollutant emissions, clearly identify the pollutant and 
quantity 

VII. Emi~sion Standard Compliance 

D Provide a list of all applicable new source performance standards, national emission standards 
for hazardous air pollutants, national emission standards for hazardous air pollutants for source 
categories, and emission standards adopted under Chapter 70.94 RCW. 
Does your project comply with all applicable standards identified? 0 Yes D No 

VIII. Best Available Control Technology 

0 Provide a complete evaluation of Best Available Control Technology (BACT) for your 
proposal. 

IX. Ambient Air Impacts Analyses 

Please provide the following: 

0 Ambient air impacts analyses for Criteria Air Pollutants (including fugitive emissions) 

1 http://apps.leg.wa.gov/W AC/default.aspx?cite=l 73-460-150 
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IZI Ambient air impacts analyses for Toxic Air Pollutants (including fugitive emissions) 

IZI Discharge point data for each point included in air impacts analyses (include only if modelirig is 
required) 

IZI Exhaust height 

IZI Exhaust inside dimensions (ex. diameter or length and width) 

IZI Exhaust gas velocity or volumetric flow rate 

IZ! Exhaust gas exit temperature 

IZI The volumetric flow rate 

IZI Description of the discharges (i.e., vertically or horizontally) and whether there are any 
obstructions (ex., raincap) 

IZI Identification of the emission unit( s) discharging from the point 

IZ! The distance from the stack to the nearest property line 

IZ! Emission unit building height, width, and length 

IZ! Height of tallest building on-site or in the vicinity and the nearest distance of that building to the 
exhaust 
IZ! Whether the facility is in an urban or rural location 

Does your project cause or contribute to a violation of any ambient air quality standard 
or acceptable source impact level? D Yes IZ! No 
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