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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 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.

¢ 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 DEOSNWP-001.

The development of this tBACT followed guidance provided from Washington State Department
of Ecology (Ecology) and the U.S. Environmental Protection Agency (EPA) for the process to
determine best available control technologies (BACT). This tBACT follows the five-step BACT
process, the steps are the following.

Step 1 - Identify all available control technologies for each pollutant subject to review.
Step 2 - Eliminate all technically infeasible control technologies.

Step 3 - Rank the remaining control technologies by control effectiveness.

Step 4 - Evaluate the feasible control technologies, beginning with the most efficient, with
respect to economic, energy, and environmental impacts.

e 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:

e @ o o

¢ Ammonia

¢ Toxic organic compounds

¢ Mercury and mercury related compounds
¢ Particulate metal compounds.

Page ES-1
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After a detailed evaluation of the four TAPs and/or groups and the effectiveness and costs of
emission control technologies for each, a $/ton cost was determined to implement a control
technology as identified in Table ES-1. Most of the identified technologies were eliminated,
because their $/ton costs exceeded the cost ceiling guidelines previously approved by Ecology
and EPA as economically unjustifiable. Although the evaluated technology would remove 98-
99% of the pollutants, the cost of the abatement becomes prohibitive on a per ton basis due to the
low emission rates.

Based on the results of this tBACT evaluation, the proposed tBACT control technology for the
DST primary ventilation systems consists of a moisture de-entrainer, pre-heater, pre-filters, and a
High Efficiency Particulate Air (HEPA) filtration system in the treatment train.

This tBACT evaluation is one part of the Notice of Construction (NOC) application that will be
submitted to Ecology. It provides information on TAP emissions, control technologies proposed,
why they were proposed, or why a technology was not feasible for mitigation of toxic emissions
during DST waste operations.

Table ES-1. Total Annualized Costs of Abatement Technologies, Emissions per Year, and the Cost of
Removal per Ton Compared to the Ceiling Cost Effectiveness Threshold.

Toxic Organic Compounds

Thermal Non-Catalytic Oxidizer $2,925,000 0.481 $6,081,000 $105,000
Activated Carbon Adsorption $790,000 0.481 $1,643,000 $105,000
Ammonia
Thermal Non-Catalytic Oxidizer $2,925,000 13.12 $223,000 $105,000
Activated Carbon Adsorption $5,148,000 13.12 $392,000 $105,000
Scrubber $7,583,000 13.12 $577,000 $105,000
Mercury and Mercury Related
Compounds
Activated Treated Carbon $92,000 2.61E-04 $352,000,000 $105,000
Adsorption
Particulate Metal Compounds Particulate metal compounds are removed by the required particulate filtration train
for removal of radionuclides at a 99.95% removal rate.
Notes:

®Cost of Removal equals the Total Annualized Cost ($/year) divided by the Emissions per Year (tons).
*See Section 2, tBACT Methodology, for a detailed discussion.

Page ES-2
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1.0 INTRODUCTION
The waste feed delivery mission requires all single shell tank (SST) wastes be transferred to the

double shell tank (DST) system for future delivery to the Waste Treatment and Immobilization
Plant (WTP). In preparation for this mission, new primary ventilation systems are being planned
and designed for each DST farm. The first such primary ventilation system will replace the
current primary ventilation system installed in the SY-241 Tank Farm.

Currently, DST farms are exhausted through a primary ventilation system that serves as a
containment system for radioactive particulates present in the tank headspace, vents flammable
gases and vapors that evolve from the liquid surface in the DSTs, and removes heat. The
ventilation system operates by drawing outside air into and through the tank headspace. After the
air leaves the headspace, the ventilation system conditions the outlet stream to remove entrained
moisture, reduce relative humidity, and filter particulates. During exhaust it is discharged to
atmosphere through the stack, the exhaust is monitored and sampled for radioactive particulates.

The new DST farm primary ventilation systems will replace the existing two parallel exhaust
trains with two new parallel exhaust trains, each capable of providing up to nominally 2,000
ft*/min (standard) and maximum 3,000 ft*/min (standard) exhaust flow. Primary ventilation
systems are operated during all storage, treatment, retrieval, and transfer operations of the waste
contained in the DSTs.

The new replacement primary ventilation systems are considered modifications to the DST
system and require a new air source review in accordance with WAC 173-460-040, Controls of
New Sources of Air Toxic Pollutants and WAC 173-400-110, New Source Review (NSR). In
addition, a Notice of Construction (NOC) permit application is required if there are new
pollutants emissions or if increases exceed the de minimis values listed in WAC 173-460-150,
Controls for New Sources of Toxic Air Pollutant. In addition, an NOC application for all new or
modified toxic air pollutant sources must demonstrate that the new or modified emission units
employ tBACT for all toxic air pollutants (TAPs) where the increase in emissions exceed the de
minimis emission values found in WAC 173-460-150.

RPP-RPT-44009 Rev 1, Spreadsheet Description Document for Non-Radiological Air Source
Term for 241-SY Farm and 241-AP Farm Primary Ventilation Systems Upgrades (May 2010)
and SVF-1821, Rev 1, Non-Rad Air Source Term for 241-SY Farm and 241-AP Farm Primary
Ventilation System Upgrades.xlsx (May 2010) assessed unabated emissions to the DST farm
primary ventilation systems. Several pollutants exceeded the WAC 173-460-150 de minimis
values and one pollutant (dimethyl mercury) exceeded the Acceptable Source Impact Level

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

pollutant (TAP) emissions, control technologies proposed, why they were proposed, or why a
technology was not feasible for mitigation of toxic emissions during DST waste operations.

Page 1
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2.0  REGULATORY REQUIREMENTS AND METHODOLOGY

WAC 173-460-020 defines "Best available control technology for toxics (tBACT)" as that term
is defined in WAC 173-400-030, as applied to toxic air pollutants. Toxic air pollutants are
defined as any toxic air pollutant listed in WAC 173-460-150.

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

“An emission limitation based on the maximum degree of reduction for each air pollutant
subject to regulation under chapter 70.94 RCW emitted from or which results from any
new or modified stationary source, which the permitting authority, on a case-by-case
basis, taking into account energy, environmental, and economic impacts and other costs,
determines is achievable for such source or modification through application of
production processes and available methods, systems, and techniques, including fuel
cleaning, clean fuels, or treatment or innovative fuel combustion techniques for control of
each such pollutant. In no event shall application of “best available control technology”
result in emissions of any pollutants which will exceed the emissions allowed by any
applicable standard under 40 CFR Part 60 and Part 61. Emissions from any source
utilizing clean fuels, or any other means, to comply with this paragraph shall not be
allowed to increase above levels that would have been required under the definition of
BACT in the Federal Clean Air Act as it existed prior to enactment of the Clean Air Act
Amendments of 1990.”

This tBACT demonstration is a modification of EPA’s BACT analysis procedure delineated in
the New Source Review Workshop Manual, Prevention of Significant Deterioration and
Nonattainment Area Permitting (EPA, 1990). It is commonly referred to as the EPA Puzzle
Book. There are five basic steps to EPA's "top-down" BACT process for evaluation of pollutant
emission control technologies. These steps include the following:

¢ Step 1 - Identify all available control technologies for each pollutant subject to review.

¢ Step 2 - Eliminate all technically infeasible control technologies.

¢ Step 3 - Rank the remaining control technologies by control effectiveness.

¢ Step 4 - Evaluate the feasible control technologies, beginning with the most efficient, with
respect to economic, energy, and environmental impacts.

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

Page 2
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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.

Page 4



TOC-ENV-NOC-5241 7/28/2015 - 2:42 PM 79 of 180

. . TOC-ENV-NOC-5241 REV 00A
#£% washingtonriver

¥ protectionsolutions RPP-ENV-46679 Rev. 1

e 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 DEOSNWP-001.

The maximum previous plateau tBACT value was $5,700/ton and the maximum ceiling value
was $10,500/ton. The additional tBACT factors used in the previous tBACT evaluations were
based upon two options. These options took into account the toxicity and carcinogenicity of the
various TAPs to scale the tBACT cost factors to reflect the hazards of these pollutants based
upon either the classification of each TAP (Class A or B) or the ASIL associated with each TAP.

Option 1: The first option used in the previous tBACT evaluations refers to the Class A and
Class B TAP classification defined in the previous (prior to June 20, 2009) WAC 173-460
regulation. For Class A TAPs, the “Plateau” and “Ceiling” values were multiplied by a factor of
10. For Class B TAPs, the “Plateau” and “Ceiling” values were multiplied by a factor of 5.

As of June 20, 2009, the revised WAC 173-460-150 no longer uses the Class A and Class B
designations for identification of TAPs to use this method, however, it was noted that the
previous Class A TAPs had, for the most part, annual averaging periods and Class B TAPs had
24-hour averaging periods. The current version of the regulations use annual, 24-hour, and
hourly averaging periods and no longer designate Class A and B. None of the TAPs with hourly
averaging periods were above the de minimis.

The “Plateau” and “Ceiling” values used for all current TAPs with annual averaging periods
were multiplied by a factor of 10. Table 2-1 takes the highest “Plateau” of $5,700 and the
“Ceiling” of $10,500 values from the previous tBACTs and multiplies these by the factors of 5
and10 to demonstrate this tBACT adjustment described above.

Toxic Air Pollutants (TAP) Classification

Annual Averaging TAP 10 $57,000 $105,000
24-hour Averaging TAP 5 $28,500 $52,500

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 = log;o(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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rounds Above De Minimis Thre

Ammonia 70. o 2.6

Particulate Metal Compounds

Arsenic & Inorganic Arsenic Compounds 0.000303 7.9
Beryllium & Compounds (NOS) 0.000417 7.8
Cadmium & Compounds 0.000238 8.1
Chromium Hexavalent: Soluble, except Chromic Trioxide 6.67E-6 9.6
Cobalt 0.1 5.4
Manganese & Compounds 0.04 5.8
Mercury Compounds

Mercury, Elemental 0.09 5.5
Dimethyl Mercury 1.00E-99 103.4
Organic Compounds

1,1,2,2-Tetrachloroethane 0.0172 6.2
1,1,2-Trichloroethane 0.0625 5.6
1,2-Dibromoethane 0.0141 6.3
1,2-Dichloroethane 0.0385 5.8
1,2-Dichloropropane 0.1 5.4
1,3-Butadiene 0.00588 6.7
1,4-Dichlorobenzene 0.0909 5.5
1,4-Dioxane 0.13 5.3
Acetaldehyde 0.37 4.9
Acrylic Acid ! 4.4
Acrylonitrile 0.00345 6.9
Benzene 0.0345 5.9
Benzyl Chloride 0.0204 6.1
Carbon Tetrachloride 0.0238 6.1
Chloroform 0.0435 - 5.8
Dichloromethane 1 4.4
Ethylbenzene 0.4 4.8
Ethylene oxide 0.0114 6.4
Hexachlorobutadiene 0.0455 5.8
Hexachloroethane 0.0909 5.5
Naphthalene 0.0294 6.0
n-Nitrosodiethylamine 1.00E-04 8.4
n-Nitrosodimethylamine 0.000217 8.1
n-Nitroso-di-n-butylamine 0.000323 7.9
n-Nitrosodi-n-propylamine 0.0005 7.7
n-Nitrosomorpholine 0.000526 7.7
n-Nitroso-n-methylethylamine 0.000159 8.2
n-Nitrosopyrrolidine 0.00167 7.2
Perchloroethylene 0.169 5.2
Polychlorinated Biphenyls (PCBs) 0.00175 7.2
Trichloroethylene 0.5 4.7
Vinyl Chloride 0.0128 6.3

Source: RPP-RPT-44009 Rev 1, Spreadsheet Description Document for Non-Radiological Air Source Term for 241-SY Farm
and 241-AP Farm Primary Ventilation Systems Upgrades (May 2010) and SVF-1821, Rev 1, Non-Rad Air Source Term for 241-
SY Farm and 241-AP Farm Primary Ventilation System Upgrades.xlsm (May 2010)
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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.

Figure 3-1. Location of Tank Farms in 200 East and 200 West Areas of the Hanford Site

_ AY/AZ Farm
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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 HEPA
filters. The prefilter removes the large particulates and reduces the load on the HEPA filters.

Figure 3-2. Typical Current Double Shell Tank Primary Ventilation System
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Two HEPA filters are used in series; these filters are test qualified by the manufacturer to
comply with ASME AG-1, Section FC, and remove 99.97% of particulate greater or smaller than
0.3 microns.

The exhauster train has a centrifugal fan, which induces the air flow through the DSTs to the
HEPA filters. It is located downstream of the HEPA filters and discharges into the stack. Each
train is self contained; each exhaust system has its own stack.

Source Term

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

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

shell tank farm ventilation exhausters during waste storage operations and operations supporting
~waste feed delivery to the WTP. The source term is bounded by potential releases of hazardous

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

determine the Hanford DST farm source term:

® Compare WAC-173-460-150, Table of ASIL, SQER and De Minimis Values and Tank Waste
Information Network System (TWINS) listed substances by common name and by Chemical
Abstract Service registration number (CAS#). CAS#s were used to sort and match the listing
of CAS#s found in TWINS.

e TWINS data is for both SSTs and DSTs

¢ Extract common entries for evaluation as a TAP and calculate release rates for each by
multiplying measured headspace concentrations by the headspace ventilation flow rate.

¢ Equate potential release rate of each to the highest calculated release rate.

¢ Increase potential release rates for tanks with waste disturbing activity (waste transfer or waste
mixing operations) by a factor of ten to account for the increased headspace concentration.
Assume that up to two tanks in a farm have waste disturbing activities in progress and that the
waste in the remaining tanks experience quiescent conditions.

¢ Select the DST Farm with the largest number of tanks (e.g. 241-AP Farm with eight tanks).

¢ Determine the source term multiplier for the selected tank farm [for 241-AP Farm: two tanks
with waste disturbing activity (2 x 10 = 20) plus six tanks with quiescent waste conditions (6 x
1 = 6) for a total source term multiplier of 26].

¢ The bounding DST farm source term for each hazardous chemical is equal to the highest
calculated release rate multiplied by 26.

Approximately 90 chemical compounds were identified as TAPs. Of the 90 identified TAPs, 41
were identified to be above the de minimis values in accordance with WAC-173-460-150 (Table
of ASIL, SQER, and De Minimis Values). These 41 TAPs are listed in Table 3-1. Based on these
41 compounds, four tBACT analyses (reflecting similar physical and chemical properties) are
required to assess emission control technologies for all TAPs above de minimis thresholds:

e Toxic organic compounds (Section 4.0)

e Ammonia (Section 5.0)

¢ Mercury compounds (Section 6.0)

e Particulate metal compounds (Section 7.0).
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Table 3-1. TAPs With Emissions Above De Minimis Rates

AN AD (! perio ate (1b/avg
Ammonia 7664-41-7 24-hr 7.19E+01 0.465
Toxic Organic Compounds

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

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

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

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

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

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

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

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

Acetaldehyde 75-07-0 Year 1.08E+02 3.55
Acrylic Acid 79-10-7 24-hr 4.67E-02 0.00657
Acrylonitrile 107-13-1M Year 3.23E-01 0.0331
Benzene 71-43-2 Year 4.27E+01 0.331
Benzyl Chloride 100-44-7 Year 3.51E-01 0.196
Carbon Tetrachloride 56-23-5 Year 4.30E+01 0.228
Chloroform 67-66-3 Year 4.30E+01 0.417
Dichloromethane 75-09-2 Year 2.92E+02 9.59
Ethylbenzene 100-41-4 Year 3.70E+01 3.84
Ethylene oxide 75-21-8 Year 2.03E-01 0.109
Hexachlorobutadiene 87-68-3 Year 3.04E+01 0.437
Hexachloroethane 67-72-1 Year 4.41E+01 0.872
Naphthalene 91-20-3M Year 3.41E-01 0.282
n-Nitrosodiethylamine 55-18-5 Year 5.08E-02 0.000959
n-Nitrosodimethylamine 62-75-9 Year 6.94E+01 0.00208
n-Nitroso-di-n-butylamine 924-16-3 Year 5.08E-02 0.0031
n-Nitrosodi-n-propylamine 621-64-7 Year 5.08E-02 0.0048
n-Nitrosomorpholine 59-89-2 Year 2.35E-01 0.00505
n-Nitroso-n-methylethylamine 10595-95-6 Year 5.08E-02 0.00153
n-Nitrosopyrrolidine 930-55-2 Year 5.08E-02 0.016
Perchloroethylene 127-18-4 Year 4.24E+01 1.62
Polychlorinated Biphenyls (PCBs) 1336-36-3 Year 5.34E-01 0.0168
Trichloroethylene 79-01-6 Year 4.27E+01 4.8
Vinyl Chloride 75-01-4 Year 4.30E+01 0.123
Mercury Compounds
Mercury, Elemental 7439-97-6 24-hr 1.43E-03 0.000591
Dimethyl Mercury 593-74-8 24-hr 2.96E-06 1.00E-99
Particulate Metals Compounds
At d Inorednic Areenic 7440-38-2 Year 1.72E+00 0.00291
Compounds
Beryllium & Compounds (NOS) 7440-41-7 Year 8.61E-02 0.004
Cadmium & Compounds 7440-43-9 Year 8.61E-01 0.00228
Chromium Hexavalent: Soluble, 7440-47-3 Year 2.63E+00 6.40E-05
except Chromic Trioxide
Cobalt 7440-48-4 24-hr 4.70E-03 0.000657
Manganese & Compounds 7439-96-5 24-hr 4.70E-03 0.000263

Page 10



TOC-ENV-NOC-5241 7/28/2015 - 2:42 PM 85 of 180

TOC-ENV-NOC-5241 REV 00A
&% washingtonriver

! protectionsolutions RPP-ENV-46679 Rev. 1

4.0 IDENTIFICATION AND EVALUATION OF EMISSION CONTROL TECHNOLOGY OPTIONS FOR
ToxiC ORGANIC COMPOUNDS

This section covers the detailed tBACT evaluation for toxic organic compound emissions for the
DST farm system. Toxic organic compound emissions have been evaluated and defined by RPP-
RPT-44009 and SVF-1821. Thirty-two (32) different, toxic, organic compounds have been
estimated to be above their de minimis levels (see Section 3.0, Table 3-1 as defined in RPP-RPT-
44009 and SVF-1821). All toxic organic compounds will be treated as a group of TAPs because
they have similar physical and chemical properties and similar control technologies. The total
annual toxic organic compounds emitted from the operations of a primary ventilation system of a
DST farm are estimated to be 0.48 tons/year (derived from Table 3-1).

Step 1: Emission Control Technologies Identified for Toxic Organic Compounds
The following emission control technologies have been identified for the destruction and/or
removal of toxic organic compound emissions.

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

Step 2: Elimination of Technically Infeasible Options/Development of Short List
for Toxic Organic Compounds

Qualitative screening and elimination criteria were developed for the selective elimination of
control technologies evaluated to be technically infeasible or not applicable for treatment of toxic
organic compound emissions from the primary ventilation system in DST farm processes. The
screening criteria were applied for the suite of control technologies for toxic organic compounds
listed above and are shown in Table 4-1. The only identified emission control technology that
was determined to be technically infeasible and eliminated for this application is thermal
catalytic oxidation.

Table 4-1. Toxic Organic Compounds — Potential tBACT

Control  Description Screening Results
1 Activated Carbon Adsorption Applicable
2 Wet Scrubber Absorption Applicable
3 Thermal Catalytic Oxidizer Eliminated
4 Thermal Non-Catalytic Oxidation Applicable

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 of tBACT technologies for

Table 4-2. tBACT Ranking by Effectiveness
for Control of Toxic Organi mpounds

toxic organic compounds in order of removal la. Activated Carbon 99%
efﬁciency_is prgvided in Table 4—.2. The A(isorption

technologies with a removal efficiency of 9% 14 Thermal Non-Catalytic 999,
or greater were down-selected for further Oxidation

tBACT economic evaluation which include 3. Wet Scrubber Absorption 70-90%

activated carbon adsorption and thermal non-
catalytic oxidation. Nevertheless, a general
technology overview of wet scrubber absorption
is described below for evaluation completeness.

Activated Carbon Adsorption: The principal use of activated carbon as a control technology is
for the removal of VOCs such as hydrocarbons, solvents, toxic gases and organic based odors. In
addition, chemically impregnated activated carbons can be used to control certain inorganic
pollutants such as hydrogen sulfide, mercury, or radon. When properly applied, the adsorption
process will remove pollutants for which it is designed, to virtually nondetectable levels. Carbon
adsorption is equally effective on single component emissions as well as complex mixtures of

pollutants.

Figure 4-1, Typical Adsorption Isotherm (Benzene)

® NUCON International Incorporated
7000 Huatley Road Columbus, OH 43229 U.S.A.
Telephone: 614-846-5710 Fax: 614-431-0858
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Physical adsorption is dependent on the characteristics of the pollutant to be adsorbed, the
temperature of the gas stream to be processed, and the concentration of the contaminant in the
gas stream. The adsorption capacity for a particular pollutant represents the amount of the
pollutant that can be adsorbed on a unit weight of activated carbon consumed at the conditions
present in the application. Typical adsorption capacities for moderately adsorbed compounds
range from 5 to 30 percent of the weight of the carbon. A typical carbon adsorption isotherm
(i.e., benzene) is shown in Figure 4-1. This figure shows that the adsorption of a compound is
inversely proportional to the concentration when plotted on a log-log scale.

Activated carbon adsorption is applicable to low boiling point, small toxic, and volatile organic
molecules. Large toxic or organic molecules are very difficult to remove from an activated
carbon bed either by steam or by hot inert gas stripping and frequently result in decomposition or
permanent plugging of the carbon bed. When a small fraction of the toxic organic compound
“high boilers” (large molecular weight, high boiling point compounds) are present, a sacrificial
guard bed is used to protect the main regenerable beds from poisoning. The guard bed is replaced
when breakthrough occurs. Large toxic or organic molecule activated carbon adsorption is
economical only when the recoverable toxic organic compound is the significant fraction of the
total toxic organic compounds with a small percentage of high boilers.

For toxic or volatile organic compounds at low concentration (below 100 vppm), the typical
control technology is fixed bed adsorption on activated carbon and disposal of carbon off site. In
most cases, the adsorbent can be “reactivated” under similar conditions as the “activation process
(~1000 C steam/air environment) where the adsorbed compounds are destroyed and the carbon is
returned to near its original capacity. In addition, fixed adsorption is analogous to
chromatography, the various organic compounds adsorbing have a significant impact on the
adsorption capacity of other organic molecules, due to both displacement and to near permanent
deposition on the carbon bed. Thus, while the adsorbent may indicate a relatively high pure
component adsorption capacity for a particular component, when the gas stream has a large
variety of organic molecule sizes and boiling points, the equilibrium capacity indicated by
adsorption isotherms for that component cannot be approached.

As an example, a pure component isothermal capacity of 10 wt% may be reduced to as low as
0.1wt% in a multi-component system due to displacement by other components of the gas stream
or by the “plugging” of otherwise available surface by high molecular weight compounds. The
effect of “co-adsorbates” in the individual breakthrough adsorption time of the toxic organic
compounds was estimated by the National Research Council (NRC) in relation to chemical agent
incineration effluent control in a dynamic system. (NRC 1999, The Disposal of Activated Carbon
from Chemical Agent Disposal Facilities) and is shown in Table 4-3 (on next page).

Also, many emission source terms are defined with many safety factors, typically increasing the
assumed concentration of the toxic organic compounds in the inlet gas stream, often by as much
as an order of magnitude. Adsorption capacity is concentration dependent and an order
magnitude decrease in organic compound concentration typically results in halving the
adsorption capacity. Therefore, using an inflated source term for toxic organic compound
concentrations, results in an undersized adsorption system.
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Table 4-3. Estimated Carbon Filter Breakthrough Times for Substances of Potential Concern in
Stack Gases from Chemical Agent Disposal Facility Liquid Incinerator

Volatile Organic Estimated Initial Estimated Breakthrough Estimated Time for Multi-
Compound Concentration (ng/m3)* Time as Single Component” Component PFS Flue Gas*
Benzene 90,000 2.4 years 14.2 hours

Carbon tetrachloride 35,000 4.1 years 7.1 minutes

Chloroform 22,000 2.5 years 5.7 hours

Vinyl chloride 4,500 1.7 days 9.5 minutes

Notes: “Bed dimensions = 214 square feet, 1 foot deep, 3,030 kg of carbon
"Calculated 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

Furthermore, due to mass transfer limitations, only very large adsorbent beds approach the
equilibrium capacity under dynamic conditions. The length of the mass transfer zone (MTZ) is
again highly dependent on the properties of both the adsorbent structure (macro and micro
porosity) and the properties of the organic compounds. This is further complicated in case of
variable concentration of organic compounds entering the adsorbent bed, because both
adsorption and desorption mass transfer needs to be considered. In most cases, the desorption
MTZ is significantly longer than the adsorption MTZ. These factors establish the minimum bed
depth (in the flow direction) criterion for adsorbent bed design. Typically, the minimum bed
depth, for long term use applications, should be several orders of magnitude longer than the
MTZ. Therefore, adsorbent beds cannot be designed solely on the adsorbent mass basis, the
geometry is also important. If the bed depth is shorter than one MTZ for a particular compound,
then instantaneous breakthrough of the organic compound will occur. (Schweitzer, 1988,
Handbook of Separation Techniques for Chemical Engineers, 2™ 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 (EPA 1992; Control Techniques for
Volatile Organic Emissions from Stationary Sources; EPA 1996, OAQPS Control Cost Manual).
Thermal oxidation often the best choice when high efficiencies are needed and the waste gas is
above 20% of the Lower Explosive Limit (LEL). Oxidation units, in general, are not
recommended for controlling gases containing halogen- or sulfur-containing compounds because
of the formation of highly corrosive acid gases. It may be necessary to install a post-oxidation
acid gas treatment system in such cases, depending on the outlet concentration to reduce
increased corrosion rates (EPA, 1996). Thermal incinerators are also not generally cost-effective
for low-concentration, high-flow organic vapor streams (EPA 1995, Control and Pollution
Prevention Options for Ammonia Emission).

Wet Scrubber Absorption: Wet scrubber absorption is widely used as a raw material and/or
product recovery technique in separation and purification of gaseous streams containing high
concentrations of volatile and toxic organic compounds, especially water soluble compounds
such as methanol, ethanol, isopropanol, butanol, acetone, and formaldehyde (Croll Reynolds
1999, Croll Reynolds Company, Inc., web site http.//www.croll.com). However, as an emission
control technique, it is much more commonly employed for controlling inorganic gases than for
volatile or toxic organic compounds. When using absorption as the primary control technique for
organic vapors, the spent solvent must be easily regenerated or disposed of in an environmentally
acceptable manner (EPA 1991, Control Technologies for Hazardous Air Pollutants). When used
for particulate control, high concentrations can clog the bed, limiting these devices to controlling
streams with relatively low dust loadings (EPA 1998, Stationary Source Control Techniques
Document for Fine Particulate Matter).

Physical absorption depends on properties of the gas stream and liquid solvent, such as density
and viscosity, as well as specific characteristics of the pollutant(s) in the gas and the liquid
stream (e.g., diffusivity, equilibrium solubility). These properties are temperature dependent, and
lower temperatures generally favor absorption of gases by the solvent. Absorption is also
enhanced by greater contacting surface, higher liquid-gas ratios, and higher concentrations in the
gas stream (EPA, 1991). Chemical absorption may be limited by the rate of reaction, although
the rate-limiting step is typically the physical absorption rate, not the chemical reaction rate
(EPA, 1996). In addition, spent scrubbing waste water will be generated during unit operations
and usually is not returned to the original system for recycle.

Step 4: Evaluation of Most Effective Control Technologies

To generate the data for the evaluation of the most effective control technologies for toxic
organic compounds, an economic evaluation of the two highest ranked technologies with
efficiencies of 99% or greater was performed. The economic evaluations, total capital and annual
operating costs, for thermal non-catalytic oxidation and activated carbon adsorption are given in
Table 4-4 and 4-5, respectively.

The economic analyses included evaluation of direct and indirect capital costs (equipment and
installation), as well as annual operating costs (utilities, labor, and maintenance costs). To
estimate the technology equipment costs, the equipment was sized based on the flow of each
unabated off-gas stream. The equipment cost estimates were based on EPA guidance documents
and vendor information. Next, factors for fabrication from corrosion resistant materials were
applied. The above costs do not include disposal of secondary waste or post-oxidation acid gas

treatment.
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The equipment costs used in this evaluation were obtained by NUCON International, Inc by
obtaining quotes from suppliers (Appendix 1) and using previous experience and expertise in
ammonia TBACT evaluations; and reviewing costs from letter 0401233/DOE-ORP: 04-ED-
057,”Submittal of Toxic Best Available Control Technology (tBACT) Determination and
Revised Pages to Non-Radiological Notice of Construction for Operation of New Ventilation
Systems In AN and AW Tank Farms (RPP-20774)”- Letter.

and 24590-WTP-RPT-ENV-01-005, Best Available Control Technology Analysis for Toxic Air
Pollutants for the WTP (2002). Specific quote costs were given priority over the report estimated
costs, which were 2002 and 2004 vintage, although in several cases where comparisons were
made between estimates and quotes; the differences in cost were minor. The total annualized
costs were based on a 10% rate of return and a 40-year facility life for activated carbon
adsorption with treated adsorbent and a 10-year facility life for thermal non-catalytic oxidation
due to corrosion issues mainly from halogenated organic compounds.

Step 5: Select tBACT

The cost/ton for removal of toxic organic compounds exceeds the cost effective threshold
previously acceptable to Ecology. Therefore, no specific control technologies were selected for
toxic organic compounds removal. The annualized costs are summarized in Section 8.
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Table 4-4. Toxic Organic Compounds -- Thermal Non-Catalytic Oxidation Capital and Annual

Cost Summar

E

Total Capital Costs (T' $795,000
Total Direct Costs $615,680
Purchased Equipment costs
Equipment $340,000
Required Ancillary Equipment ($10/cfm) 3000 $30,000
Instrumentation and Control 15% of Equipment $51,000
Freight 5% of Equipment $17,000
Sub-total Purchased Equipment Costs (PEC) $438,000
Direct Installation Costs
Foundation & Support 8% of Subtotal PEC $35,040
Handling & Erection 14% of Subtotal PEC $61,320
Electrical 4% of Subtotal PEC $17,520
Piping and Duct Work 4% of Subtotal PEC $17,520
Insulation for Piping and Equipment 4% of Subtotal PEC $17,520
Painting 2% of Subtotal PEC $8,760
Sub-Total Installation costs (IC) $157,680
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - ft%) Not Addressed N/A
Total Indirect Capital Costs $179,580
Engineering 10% of Subtotal PEC $43,800
Construction and Field Expenses 5% of Subtotal PEC $21,900
Start-up 10% of Subtotal PEC $43,800
Performance Tests 1% of Subtotal PEC $4,380
Contingencies 15% of Subtotal PEC $65,700
Total Annual Costs (TAC) $666,000
Direct Annual Costs
Utilities ‘ ,
Electricity $0.08/kWhr $515
Steam $6.00/1000 1bs $0
Water $0.25/1000 gallons %0 -
Natural Gas $5.37/MCF - $635,056
Materials/Chemicals Process Specific $0
Operating Expenses = ‘
Operator $62.75/Hr $3,263
Supervisor 15% of Operator $498
Secondary Waste - $129.24/cf $0
Maintenance . -
Labor : $62.75Mr ~ $2510
Materials _ - o _$680
Indirect Annual Costs =

Ovethead
Administrative
Insurance

Annualized Cost per Ton of Toxi Oranic Comounds

2%o0fTCC
1% of TCC

Tncluded in Labor Costs

$15,905
$7.952

$6,081,000

See Appendix 1-B.
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Table 4-5. Toxic Organic Compounds -- Activated Carbon Adsorption Capital and Annual Cost

Tota apités (TE‘E)

Sumn

$865,000

Total Direct Capital Costs $669,536
Purchased Equipment costs

Equipment $373,000

Required Ancillary Equipment ($10/cfim) 3000 $30,000

Instrumentation and Control 15% of Equipment $55,950

Freight 5% of Equipment $18,650
Sub-total Purchased Equipment Costs (PEC) $477,600
Direct Installation Costs

Foundation & Support 8% of Subtotal PEC $38,208

Handling & Erection 14% of Subtotal PEC $66,864

Electrical 4% of Subtotal PEC $19,104

Piping and Duct Work 4% of Subtotal PEC $19,104

Insulation for Piping and Equipment 4% of Subtotal PEC $19,104

Painting 2% of Subtotal PEC $9.552
Sub-Total Installation costs (IC) $171,936
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - %) Not Addressed N/A
Total Indirect Capital Costs $195,816

Engineering 10% of Subtotal PEC $47,760

Construction and Field Expenses 5% of Subtotal PEC $23,880

Start-up 10% of Subtotal PEC $47,760

Performance Tests 1% of Subtotal PEC $4,776

Contingencies 15% of Subtotal PEC $71,640
Total Indirect Costs $195,640
Total Annual Costs (TAC) $702,000
Direct Annual Costs _ -
Utilities -

Electricity $0.08/kWhr

Steam $6.00/1000 Ibs

Water $0.25/1000 gallons

Natural Gas '$5.37/MCF '

Materials/Chemicals Process Specific
Operating Expenses -

Operator

Supervisor

Secondary Waste T&D (1/2 year carbon hfe) 8129 ’74/cf
Maintenance -

Labor $62.75Mr

__Materials -

InduectAnnual Costs -

Overhead
Administrative
Insurance___

nnuld Cst per on of oxic rgnc ompounds

$1,643,000

See Appendix 1-C.

Page 18



TOC-ENV-NOC-5241 7/28/2015 - 2:42 PM 93 of 180

TOC-ENV-NOC-5241 REV 00A
% ashingtonriver

¥ protectionsolutions RPP-ENV-46679 Rev. 1

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 1b/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:

e Wet scrubber absorption

¢ Activated carbon adsorption with untreated adsorbent
¢ Activated carbon adsorption with treated adsorbent

¢ Thermal non-catalytic oxidation

¢ Thermal catalytic oxidation

e 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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ia — Potential tBACT

1 Wet Scrubber Absorption Acceptable
2 Activated Carbon Adsorption with Untreated adsorbent Eliminated
3 Activated Carbon Adsorption with Chemically Treated Adsorbent Acceptable
4 Thermal Non-Catalytic Oxidation Acceptable
5 Thermal Catalytic Oxidation Eliminated
6  Biofiltration Eliminated
7 Condensation Eliminated

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 1a. Activated Carbon Adso

have a removal efficiency of 99% or greater and Chemically Treated Adsorbent
are ranked equally. 1b. Thermal Non-Catalytic Oxidation >99%
1c. Wet Scrubber Absorption 99%

Table 5-2. tBACT Ranking by Effectiveness for

Control of A

nwith  >99%

Activated Carbon Adsorption with
Chemically Treated Adsorbent: For the
removal of ammonia, the activated carbon needs to be chemically treated with phosphoric acid
(between 15-30 wt%) to obtain removal efficiencies of greater than 99%. The activated carbon
acts a collection substrate while the ammonia removal takes place by a reaction between the
ammonia and the phosphoric acid. The ammonia removal capacity under equilibrium conditions
is near stochiometric and is related to the phosphoric acid concentration. Adsorption efficiency is
affected by other compounds that can be adsorbed on the activated carbon but will not be
poisoned by them.

Removal efficiency is greater than 99% for fresh adsorbent and decreases near the stochiometric
loading of the adsorbent. Adsorption on chemically treated activated carbon is more suitable for
low concentrations of ammonia but it is capable of handling limited ammonia concentration
spikes. Spent chemically treated adsorbent, while theoretically can be re-activated by thermal
treatment, is typically disposed in landfills. See Section 4.0, Activated Carbon Adsorption
discussion, for further details.

Thermal Non-Catalytic Oxidation: Thermal non-catalytic oxidation is a high temperature air-
ammonia process reaction without the use of a catalyst. The destruction efficiency depends on
the temperature of the unit operations. Greater than 99% ammonia destruction can be achieved at

low temperature.

This technology is also capable of handling various concentrations of ammonia in the inlet
stream and it is not sensitive to concentration spikes. In addition, thermal non-catalytic oxidation
is not sensitive to halogenated or metallic compounds in the inlet stream (i.e., treats and destroys
the majority of toxic or volatile organic compounds). However, acids and dioxins will be
generated during the destruction of halogenated organic compounds, which will contribute an
increased corrosion rate on materials of construction, thus, shortening the design life of the
process unit. Oxides of nitrogen are also generated by this process, which depending on
concentration may require additional treatment. See Section 4.0, Thermal Non-Catalytic
Oxidation discussion, for further details.

Wet Scrubber Absorption: Scrubber absorption is a common emission technology for
ammonia reduction, however it is used at higher concentrations than present in defined DST
farm source term (RPP-RPT-44009 and SVF-1821). At defined source term concentrations, the
scrubbing liquid has to be acidified to efficiently collect the ammonia. The scrubbing liquid is
replenished based on the conversion rate to salt and needs to be treated as secondary waste.
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The spent scrubbing secondary waste water cannot be returned to the DST system and will need
to be sent to the effluent treatment facility (ETF). The quantity of ammonium sulfate which
would have to be treated by the ETF, based on the source term value, is in excess of 100
tons/year and exceeds the current ETF treatment capacity. See Section 4.0, Wet Scrubber
Absorption discussion, for further details.

Step 4: Evaluation of Most Effective Control Technologies

To generate the data for the evaluation of the most effective control technologies for ammonia,
an economic evaluation of the above identified technologies applied to each unabated off gas
stream was performed. The economic evaluations for ammonia control technologies are shown

in the following tables:

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

The economic analyses included evaluation of direct and indirect capital costs (equipment,
installation), as well as annual operating costs (utilities, labor, and maintenance costs). To
estimate the technology equipment costs, the equipment was sized based on the flow of each
unabated off gas stream. The equipment cost estimates were based on EPA guidance documents
and vendor information. Factors for fabrication from corrosion resistant materials and adaptation
to field operations and maintenance were applied. The above costs do not include disposal of
secondary waste or post-oxidation acid gas treatment.

The equipment costs used in this evaluation were obtained by NUCON International, Inc by
supporting the design and fabrication of similar facilities by obtaining quotes from suppliers
(Appendix 1) and using previous experience and expertise in ammonia tBACT evaluations; and
reviewing costs from letter 0401233/DOE-ORP: 04-ED-057. Specific quote costs were given
-priority over the report estimated costs, which were 2002 and 2004 vintage, although in several
cases where comparisons were made between estimates and quotes the differences in cost were
minor. The total annualized costs were based on a 10% rate of return and a 40-year facility life
for activated carbon adsorption with treated adsorbent and a 10-year facility life for thermal non-
catalytic oxidation and wet scrubber absorption due to corrosion issues mainly from halogenated
organic compounds and sulfuric acid scrubbing liquids, respectively.

Step 5: Select tBACT
The $/ton for removal of ammonia exceeds the cost effective threshold previously acceptable to
Ecology. Therefore, no specific control technologies were selected for ammonia removal. The

annualized costs are summarized in Section 8.

Page 22



TOC-ENV-NOC-5241

#Z% \ashingtonriver
¥ protectionsolutions

Total Capital Costs (TCC)

7/28/2015 - 2:42 PM

TOC-ENV-NOC-5241 REV 00A

97 of 180

RPP-ENV-46679 Rev. 1

Total Direct Capital Costs $615,680
Purchased Equipment costs
Equipment $340,000
Required Ancillary Equipment ($10/cfin) 3000 $30,000
Instrumentation and Control 15% of Equipment $51,000
Freight 5% of Equipment $17,000
Sub-total Purchased Equipment Costs (PEC) $438,000
Direct Installation Costs
Foundation & Support 8% of Subtotal PEC $35,040
Handling & Erection 14% of Subtotal PEC $61,320
Electrical 4% of Subtotal PEC $17,520
Piping and Duct Work 4% of Subtotal PEC $17,520
Insulation for Piping and Equipment 4% of Subtotal PEC $17,520
Painting 2% of Subtotal PEC $8,760
Sub-Total Installation costs (IC) $157,680
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - ft) Not Addressed N/A
Total Indirect Capital Costs $179,580
Engineering 10% of Subtotal PEC $43,800
Construction and Field Expenses 5% of Subtotal PEC $21,900
Start-up 10% of Subtotal PEC $43,800
Performance Tests 1% of Subtotal PEC $4,380
Contingencies 15% of Subtotal PEC $65,700
Total Annual Costs (TAC) $666,000
Direct Annual Costs
Utilities
Electricity $0.08/kWhr $515
Steam $6.00/1000 Ibs %0
Water $0.25/1000 gallons $0
Natural Gas $5.37/MCF $635,056
Materials/Chemicals Process Specific $0
Operating Expenses - .
Operator $62.75MHr -$3,263
Supervisor 15% of Operator $489
Secondary Waste T&D (1/2 year carbon life) $129.24/cf $0
Maintenance -
Labor $62.75/Hr - %2510
Materials ' %680

Overhead
Admmlstratwe
Insuranoe .

nnuald Cost per To of mmonia

Tncluded in Labor Costs
2%0f TCC
_ 1%0f TCC

$223,000

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

Tota

Cost S

$929,
Total Direct Capital Costs $718,496
Purchased Equipment costs
Equipment $403,000
Required Ancillary Equipment ($10/cfm) 3000 $30,000
Instrumentation and Control 15% of Equipment $60,450
Freight 5% of Equipment $20,150
Sub-total Purchased Equipment Costs (PEC) $513,600
Direct Installation Costs
Foundation & Support 8% of Subtotal PEC $41,088
Handling & Erection 14% of Subtotal PEC $71,904
Electrical 4% of Subtotal PEC $20,544
Piping and Duct Work 4% of Subtotal PEC $20,544
Insulation for Piping and Equipment 4% of Subtotal PEC $20,544
Painting 2% of Subtotal PEC $10,272
Sub-Total Installation costs (IC) $184,896
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - %) Not Addressed N/A
Total Indirect Capital Costs $210,576
Engineering 10% of Subtotal PEC $51,360
Construction and Field Expenses 5% of Subtotal PEC $25,680
Start-up 10% of Subtotal PEC $51,360
Performance Tests 1% of Subtotal PEC $5,136
Contingencies 15% of Subtotal PEC $77,040
Total Annual Costs (TAC) $5,052,000
Direct Annual Costs -

Utilities
Electricity
Steam
Water ‘
Materials/Chemicals
Operating Expenses

 $62.75/Hr
- $129.2

$0.08/kWhr
$6.00/1000 Ibs
$0.25/1000 gallons
Process Specific

15% of Operator
129.24/cf

nnual Cost pe o o onia

$392,000

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

rption Capit

al and Annual Cost Summary

Total Capital Costs (TCC) 2,619,000
Total Direct Capital Costs $2,017,568
Purchased Equipment costs
Equipment $1,224,000
Required Ancillary Equipment ($10/cfm) 3000 $0
Instrumentation and Control 15% of Equipment $183,600
Freight 5% of Equipment $61,200
Sub-total Purchased Equipment Costs (PEC) $1,468,800
Direct Installation Costs
Foundation & Support 8% of Subtotal PEC $117,504
Handling & Erection 14% of Subtotal PEC $205,632
Electrical 4% of Subtotal PEC $58,752
Piping and Duct Work 4% of Subtotal PEC $58,732
Insulation for Piping and Equipment 4% of Subtotal PEC $58,732
Painting 2% of Subtotal PEC $29,376
Sub-Total Installation costs (IC) $528,768
Site Preparation Equipment Specific $20,000
Building Costs (Equipment footprint - i) Not Addressed N/A
Total Indirect Capital Costs $602,208
Engineering 10% of Subtotal PEC $146,880
Construction and Field Expenses 5% of Subtotal PEC $73,440
Start-up 10% of Subtotal PEC $146,880
Performance Tests 1% of Subtotal PEC $14,688
Contingencies 15% of Subtotal PEC $220,320
Total Annual Costs (TAC) $143,000

Direct Annual Costs

Utilities
Electricity
Steam
Water -

~ Materials/Chemicals

Operating Expenses '
Operator
Supervisor

te T&D in excess of EFF capacity
alculated but is very high)

$0.08/kWhr
$6.00/1000 Ibs

$0.25/1000 gallons

Process Specific
$62.75MHr
15% of Operator
$129.24/cf

$62.75/Hr.

Annuli Cost pe on f moa -

Vlhclrlrlde,d‘ Labdr‘(r}'oétsf
J2%efT€E

cC

$577,000

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

This section covers the detailed tBACT evaluation for mercury and related compounds including
dimethyl mercury for the DST farm system. Mercury and related compound emissions have been
evaluated and defined by RPP-RPT-44009 and SVF-1821. Dimethyl mercury is the only
compound identified exceeding its ASIL limit (1.00E-99 pg/m?®). The maximum off-site
concentration for dimethyl mercury is estimated to be 3.23E-8 pg/m?*, 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:

able 6-1. otential tBACT

Mercury Compoun(ls - P

.

1 Wet scrubber Absorption Eliminated
2 Powdered Carbon Injection Eliminated
3 Powdered Carbon Injection with chemically treated carbon Eliminated
4 Fixed Carbon Beds Eliminated
5 Fixed Carbon Beds with chemically treated carbon Applicable
6 Depleted Brine Scrubbing Eliminated
7 Selenium Filters Eliminated
8 Gold Amalgamation Eliminated
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Wet Scrubber Absorption: Wet scrubbing, requires highly reactive sulfur containing additives
in the scrubbing liquor and has reasonable efficiency for water soluble mercury compounds only.
It has been applied on some coal fired power plants where the primary purpose of the scrubbing
is acid gas removal. There is no chemical reason or any experimental data indication to expect
that organic mercury compounds can be removed. For example, dimethyl mercury, an organic
mercury compound, is not water soluble and is not applicable for wet scrubbing abatement
technologies. Extensive waste liquid disposal or collection and treatment are required to support
this technology. See Section 5.0, Wet Scrubber Absorption discussion, for further details.

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

- power plants where powdered carbon is injected into the flue gas and reacts with mercury both in
the gas phase and upon deposition in the particulate collecting bag-house of the power plant. It
can be considered only when bag-house collectors are installed downstream and the carbon is
continually injected and removed in conjunction with the ash collected in the bag-house.
Mercury removal efficiencies have been cited between 50 - 70% for elemental mercury.

Powdered Carbon Injection with Treated Carbon: Powdered Carbon Injection with
chemically treated carbon, is a variation of the above process, resulting in somewhat higher
mercury removal efficiency at an increased carbon cost and commensurate corrosion problems
from the typical additive bromine.

Fixed Carbon Beds with Untreated Carbon: Fixed carbon beds are used in several
applications for mercury vapor control, but their use has been almost completely superseded by
the use of chemically treated carbon in the fixed beds. The mercury is only physically adsorbed
on untreated activated carbon and migrates through the adsorbent bed according to the mass
transfer conditions in the fixed bed. Untreated carbon is more sensitive to the presence toxic
organic compounds and inorganic vapors than the treated carbons. (EPA-452-R-R7-010,
Mercury Study Report to Congress, Volume VIII: An Evaluation of Mercury Control
Technologies and Costs, December 1997 and EG&G-2008-EERC-01-02, EG&G Carbon

Evaluation for Mercury Removal)

Depleted Brine Scrubbing: Depleted brine scrubbing is applicable only to chlor-alkali plants
where the brine is one of the flow streams. This technology is not applicable and is not used in

the other applications.

Selenium Filters: Selenium on adsorbent based filters was eliminated due to selenium being a
toxic material. Sulfur on adsorbents is equally reactive without the additional toxic hazards and
is lower in cost.

Gold Amalgamation: Gold amalgamation is not an industrial process and has only been applied
in mercury concentration measuring instruments only. There is no commercial or industrial
destruction or removal application for this process Sjostrom, et.al, EPA, “Development and
Demonstration of Mercury Control by Adsorption Processes (MerCAP™1).”

! MerCAP™ is a Trademark of Lesman Instrument Company, Bernice, Illonois
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Step 3: Rank Remaining Control Technologies by Control Effectiveness
Effectiveness is defined by the ability of the control technology to reduce the post treatment
emission rate for dimethyl mercury. The only control technology found to be applicable for
mercury (including dimethyl mercury) control is fixed carbon beds with chemically treated
activated carbon.

Carbon, that is chemically treated with sulfur or iodine, can remove mercury compounds. The
most common in industrial applications is the sulfur impregnation of the carbon and is used in
similar composition and size off gas control in the U.S. (e.g., chemical weapons incineration off
gas mercury control, mixed waste incinerator off gas control, nuclear waste melter off gas
control, petrochemical processing). In these applications, the impregnated activated carbon
(IAC) is placed in a fixed bed, either vertically or horizontally and used until the exhaustion of
the IAC. The life of the IAC is dependent on total mercury inlet concentration.

Several laboratory, pilot and full scale tests have been performed with varying degrees of inlet
mercury concentrations in air, in natural gas, and with organic compounds present in the off-
gases of melters, incinerators and other gaseous waste treatment facilities. [INEEL/CON-97-
01225 1997, Mercury Emissions Control Technologies for Mixed Waste Thermal Treatment
(1997); INEEL/CON-00-01332 2001, Removal of Mercury from the Off-Gas from Thermal
Treatment of Radioactive Liquid Wastes (2001)]. One of the common IACs is MERSORB®? for
which additional test reports are also attached. (Appendix 2)

Impregnated Activated Carbon mercury vapor abatement technologies are mature and have been
successfully used for the control of effluents and emissions in both nuclear and military
applications. The nuclear application typically treats radioactive waste melter effluents and
incineration off gases from processes such as the THOR® Process’ [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 (*’Hg). Comparing the total mercury decontamination results between the air gas
carrier and natural gas carrier gas streams indicates that the total mercury removal was better
from the natural gas stream, where organic mercury could form from the air stream. The manner,
in which the tests were run, would have indicated different movement of mercury species by dual
radioactivity peaks. No movement of mercury species were observed for long-term test data
generated under chemical agent incineration condition air flows and operations.

There are also reports showing that dimethyl mercury in the presence of methanol decomposes to
methane and elemental mercury [Wongkasemyjit, 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

> MERSORSB is a registered trademark of Nucon International, Columbus, OH
> THOR is a trademark of THOR Treatment Technologies, Richland, WA
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in Raw Landfill Gad with Site Screening for Elemental Mercury at Eight Washington State
Landfills for the Washington State Department of Ecology )July 2003)] The sampling train
which used an untreated carbon substrate without impregnation, preferentially adsorbed dimethyl
mercury to elemental mercury.

Under the current Ecology regulations, evaluation of dimethyl mercury abatement systems is
triggered at levels over 1.00E-99.

The landfill study, cited above, used the best available detection method and resulted in a
dimethyl mercury analysis above 20 ng/m3. This resulted in a reasonable relative standard
deviation (RSD) of ~10 %. Below 2 ng/m3 the RSD increased to above 80%. Based on this
report, in a similar gas stream matrix, the minimum reliable detection limit for dimethyl mercury
is 10 ng/m3 or 110E-2 pg/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 [ACs MERSORB®. The economic evaluations, total
capital and annual costs, are shown in Table 6-2.

The economic analyses included evaluation of direct and indirect capital costs (e.g., equipment,
installation), as well as annual operating costs (e.g., utilities, labor, and maintenance costs). To
estimate the technology equipment costs, the equipment was sized based on the flow of each
unabated off-gas stream. The equipment cost estimates were based on EPA guidance documents
and vendor information. Next, factors for fabrication from corrosion resistant materials and
adaptation to radioactive environment operations and maintenance were applied. The above costs
do not include disposal of secondary waste or post-oxidation acid gas treatment.

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

owns MERSORB® technology. The total annualized costs were based on a 10% rate of return
and a 40-year facility life and a 10% rate of return on capital for mercury compounds including
dimethyl mercury emissions control.

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

threshold previously acceptable to Ecology. Therefore, no specific control technologies were
selected for mercury and mercury related compounds removal. The annualized costs are
summarized in Section 8.
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Table 6-2. Mercury and Mercury Related Compounds — Fixed Carbon Beds with Chemically

Treated Adsorbent tBACT Control Technology — Capital and Annual Cost Summar

Total Capital Costs (TCC) $598,000
Total Direct Capital Costs $463,904
Purchased Equipment costs
Equipment $247,000
Required Ancillary Equipment ($10/cfm) 3000 $30,000
Instrumentation and Control 15% of Equipment $37,050
Freight 5% of Equipment $12,350
Sub-total Purchased Equipment Costs (PEC) $326,400
Direct Installation Costs
Foundation & Support 8% of Subtotal PEC $26,112
Handling & Erection 14% of Subtotal PEC $45,696
Electrical 4% of Subtotal PEC $13,056
Piping and Duct Work 4% of Subtotal PEC $13,056
Insulation for Piping and Equipment 4% of Subtotal PEC $13,056
Painting 2% of Subtotal PEC $6,528
Sub-Total Installation costs (IC) $117,504
Site Preparation Equipment Specific 20,000
Building Costs (Equipment footprint - ft) Not Addressed N/A
Total Indirect Capital Costs $133,824
Engineering 10% of Subtotal PEC $32,640
Construction and Field Expenses 5% of Subtotal PEC $16,320
Start-up 10% of Subtotal PEC $32,640
Performance Tests 1% of Subtotal PEC $3,264
Contingencies 15% of Subtotal PEC $48,960
Total Annual Costs (TAC) $33,000
Total Annual Direct Costs - - @@ @ @ @ @
Utilities

Electricity $0.08/kWhr
Steam , , ' $6.00/1000 Ibs
Water _ ' ' $0.25/1000 gallons
Materials/Chemicals 7 Process Specific
Operating Expenses - 7 ‘ '
Operator - - , -~ $62.75/Hr
Supervisor ~ 15% of Operator
Secondary Waste T&D (1/2 year carbon lee) ~ $12924/ct
Mamtenance . -
: , $62.75MHr

Total Annual Indi
Overhead
Admlmstratlve
Insurance

AnnuahzedCost per Ton of Mercury and Mercury Related Compounds $352000,00
See Appendix 1-C.
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7.0 IDENTIFICATION AND EVALUATION OF EMISSION CONTROL TECHNOLOGY OPTIONS FOR
PARTICULATE METAL COMPOUNDS » )

This section covers the detailed tBACT evaluation for non-mercury metal compounds for the
DST farm system. Several of the non-mercury metal compounds have emissions above the de
minimis levels. RPP-RPT-44009 and SVF-1821 and are summarized in Table 7-1. These
compounds will be present in particulate form as metals or metal salts.

Beryllium
Cadmium
Chromium
Cobalt
Manganese

WAC 173-480-060, Emission Standards for New and Modified Emission Units and WAC 246-
247-040, Radiation Protection — Air Emissions state that a BARCT for radionuclides
(particulates) is required and that, at a minimum, a filter train consisting of prefilters, mist
eliminators, and dual HEPA filters must be employed. Since these technologies have already
been evaluated for radionuclides, they will control emissions of particulate metal compounds
identified in Table 7-1. No further technology selection or evaluation steps were performed
except for the evaluation of the radiological control required filtering components efficiency for
these pollutants.

The individual technology components in-place stage efficiencies of 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 HEPA filter is higher for both smaller and larger particle sizes.

The combination of the above listed particulate metal compounds control technologies achieve a
combined removal efficiency of 99.99% (in-place), when assembled according to ASME/ANSI
N-509 Standard and have components that meet ASME AG-1 Code: Section FA (mist
eliminators), Section FB (pre-filters), and Section FC (HEPA filters). This combination of air
cleaning control technology components is currently required for primary ventilation of DST
farms. Therefore, no further tBACT evaluations are required for particulate metal compounds.
This set of control technologies are credited by a decontamination factor (DF) of 10,000 for the
above listed particulate metal compounds TAPs, which brings all of these untreated TAP
concentrations to the following treated values.

Justification of the 99.99% mass based removal of metal aerosols: The existing and proposed
DST farm Air Cleaning Unit (ACU) consists of particle removal components: demister (mist
agglomerator); prefilter; HEPA filter 1; and HEPA filter 2.
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These elements remove various size aerosols at the currently accepted efficiency of:

¢ Demister = 99 % liquid droplets by mass minimum and 99% minimum for 5-10 micron range
¢ Pre-Filter 2 ~ 30-80% Atmospheric dust depending on type

e 1 HEPA Filter = 99.97% Hot DOP minimum at 0.3 micron (AMAD size)

e 2" HEPA Filter > 99.97% Hot DOP minimum at 0.3 micron (AMAD size)

The above listed efficiencies are all based on single component efficiencies. The same
efficiencies may not be true when applied to a system containing multiple components.
Components that are installed in a “filter train” may have installation irregularities, in-place
testing occurs using heterogeneous aerosol particles with a median diameter of 0.7 microns, and
thus, each single bank installed HEPA filter leak tightness has to be a minimum of 99.95%.
These qualifications and in place tests are not “mass based” with the exception of mist eliminator
which has a required mass basis a minimum of 99% efficiency.

The HEPA filters are qualification tested with 0.3 micron liquid aerosol droplets (DOP,
Polyolefin, etc). The particle removal efficiency of the HEPA filters is higher for both larger and
smaller aerosol sizes as shown on Figure 7-1. (Vendel 2009, NEA/CSNI/R 2009). The typical
metal and metal oxide aerosols are heterogeneous in distribution and typically larger than the
minimum efficiency filterable 0.3 micron. (Bowling 1941, Lujaniene 1995, Ogordkinov 2004,
Papastefanos 2009). The removal efficiency for multiple banks HEPA filters while difficult to
determine using the conventional DOP aerosol test method (due to inadequate test aerosol after
the first stage) has been determined using radioactive aerosols. For example, a 0.22-0.66 micron
2¥py02 aerosol resulted in a DF of 1.88E12 to 1.7E13 and for three HEPA filters in series the
DF was from 2.1E12 to 4.7E13 [(Gonzales, Performance of Multiple HEPA Filters against
Plutonium Aerosols (1974); Linck, In-Place Testing of Multiple Stage HEPA Filter Plenums

(1974)]

In this evaluation, the decontamination credit of 99.99 % by mass (DF of 10E4) for the metal
aerosol compounds is assigned to the combination of a moisture separator, a prefilter and two
HEPA filters in series when built according to the ASME AG-1 Code and in place tested
according to ASME/ANSI N-510 (i.e. each HEPA stage in place tested individually). This
combined mass removal efficiency can be achieved solely by the combined filtration efficiency
of the above listed air cleaning elements without including the additional removal of the water
droplet scrubbing of these aerosols on the mist eliminator.
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Figure 7-1. Filter Penetration Versus Particle Size
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8.0 TBACT RECOMMENDATION

After detailed evaluation of the four TAPs and/or groups of TAPs and the effectiveness and costs
of emission control technologies for each, a $/ton was determined to implement a control
technology as identified in Table 8-1. All of the identified technologies were eliminated because
their cost per ton exceeded the cost ceiling guidelines previously approved by Ecology and EPA
as economically unjustifiable. Although the evaluated technology would remove 98-99% of the
pollutants, the cost of the abatement becomes prohibitive on a per ton basis due to the low
emission rates. '

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

DST primary ventilation systems consists of a moisture de-entrainer, pre-heater, pre-filters, and a
HEPA filtration system in the treatment train.

Table 8-1. Total Annualized Costs of Abatement Technologies, Emissions per Year, and the Cost of
Removal per Ton Compared to the Ceiling Cost Effectiveness Threshold.

Toxic Organic Compounds

Thermal Non-Catalytic Oxidizer $2,925,000 0.481 $6,081,000 $105,000
Activated Carbon Adsorption $790,000 0.481 $1,643,000 $105,000
Ammonia
Thermal Non-Catalytic Oxidizer ~ $2,925,000 13.12 $223,000 $105,000
Activated Carbon Adsorption $5,148,000 13.12 $392,000 $105,000
Scrubber $7,583,000 13.12 $577,000 $105,000
Mercury and Mercury Related
Compounds
Ai‘fri;’;t:f Treated Carbon $92,000 2.61E-04 $352,000,000  $105,000
i e Epinase. FRROEOR N S Nt i o
Notes:

®Cost of Removal equals the Total Annualized Cost ($/year) divided by the Emissions per Year (tons).
®See Section 2, tBACT Methodology, for a detailed discussion.
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Appendix A

The cost basis used to generate the data for each of the cost estimates for toxic organic
compounds, ammonia, and mercury and mercury related compound were developed using
previous experience and expertise in ammonia BACT evaluations; and reviewing costs from
letter 0401233/DOE-ORP: 04-ED-057 and 24590-WTP-RPT-ENV-01-005, Best Available
Control Technology Analysis for Toxic Air Pollutants for the WTP (2002). Specific quote costs
were given priority over the report estimated costs, which were 2002 and 2004 vintage, although
in several cases where comparisons were made between estimates and quotes; the differences in
cost were minor. In addition, equipment cost estimates were based on EPA guidance documents
and vendor information. Factors for fabrication from corrosion resistant materials were applied
when necessary. Cost estimates do not include disposal of secondary waste or potential post-

treatment gas treatment.
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Appendix 1-A Thermal Oxidizer Cost Estimates

Page 39



TOC-ENV-NOC-5241 712812015 - 2:42 PM 114 of 180

: . TOC-ENV-NOC-5241 REV 00A
washingtonriver

protectionsolutions RPP-ENV-46679 Rev. 1

SYSTEMS

i Thermal Oxidation

A Met-Pra Product Recovery/Pollution Control Technologles Company

THERMAL OXIDIZER

Budget Proposal No. 4665

NUCON International, Inc.
DECEMBER 10, 2009
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BUDGET PROPOSAL 4665
§ YSTEMS NUCON International, Inc.
. . DECEMBER 10, 2009

| Thermal Oxidation

A Met-Pro Product Recovery/Poltution Control Technologies Company

INTRODUCTION

COMPANY INTRODUCTION

Met-Pro Systems is pleased to submit this proposal for your consideration. Met-Pro Corporation, a
NYSE listed company headquartered in Pennsyivania, 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-Iit, "have shown intense resilience even as
industry continues to face significant market pressures.”
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EQUIPMENT DESCRIPTION

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 levei 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 bolits 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 minuftes.

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:
e One (1) Nozzle Mix Burner
e One (1) NEMA 12 Control Enclosure with Sub-Panel
e One (1) Allen Bradley SLC5/05 PLC Controller
e One (1) lot of Field Instrumentation for Met-Pro supplied equipment.
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e Interconnecting carbon steel Ductwork with Expansion Joints between Met-Pro
Supplied Equipment.

¢ One (1) Gas Train Assembly with Température Control Valve for natural gas
¢ Class [, Division Il Qutdoor Electrical Classification

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

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

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

UTILITIES

Combustion Air Blower: 10 hp

Natural Gas Supply: 270 SCFM @ 10 PSIG
Compressed Air Supply: 275 Ib/hr @ 80 PSIG
Electrical Power: 460 volt / 3 Phase / 60 Hz
Control Power: 120 volt / 1 Phase / 60 Hz
PERFORMANCE

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
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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:........c.eerrivmrieiriiiiiiiiieniciieiann $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..........c.cccoceeeieeiieiee e e 2. 9 1,500/Day/Person
Travel and Living EXpenses................ccccccccvieveceeeee e eeeieenn .. 9 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, and 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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—t

ENGINEERING AND FABRICATION SCHEDULE

Based upon current equipment and material availability, we anticipate the following schedule

applying to this project:

MILESTONE TIME ELAPSED TIME
Receipt of purchase order 0 0

Drawings for approval 6 weeks 6 weeks
Approval of drawings 2 weeks 8 weeks
Fabrication 16 weeks 24 weeks
Delivery 1 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 matetrial increases. Shipment 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.

Page 46



TOC-ENV-NOC-5241 7/28/2015 - 2:42 PM 121 of 180

) TOC-ENV-NOC-5241 REV 00A
#% washingtonriver

protectionsolutions RPP-ENV-46679 Rev. 1

BUDGET PROPOSAL 4665
NUCON International, Inc.
DECEMBER 10, 2009

YSTEM

Tsermai Oxidation

A Met-Pro Product Recovery@ollution Control Techinologies Company

MET-PRO TERMS AND CONDITIONS OF SALE

The following terms and conditions form part of each proposal submitted by Met-Pro Corporation, ils divislons 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
provislons or conditions of Buyer's order which are in any way inconsistent with, or in addltion 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 fo the
terms and conditions of this form shall be binding on Seiler unless in writing and signed by a representative of Selter duly authorized for that
purpose. Any contract resulting from this proposal shall be canstrued 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, Pennsyivania, 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 Is 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 auxitiary equipment not manufactured by Seller carries such warranty as given by
the manufaciurer thereof and which is hereby assigned to Buyer without recourse to Seller. Seller's warranty for consumables shall be pro-
rated over the applicable aforementioned 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 abligation
under this warranty is, at Sefler’s sole option, to a one-time repair or replacement of any part which is 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 until 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 spedifications, 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 Jimited to rendering reasonable assistance to Buyer to 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 {F 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 Conltract Goods and before any part of the Contract Goods has been changed from its original condition. Such
notification shall provide detaifed information as to the nonconformity or shortage and Buyer shall hold the Contract Goods for Seller's
disposition and afford Seiler 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,

LIMITATION OF LIABILITY OF SELLER
In addition to the other fimitations on Seller’s liability provided for herein, in no event will Selfer's liability to Buyer for any and all claims,
including property damage or personal injury claims, allegedly resulting from breach of contract, warranty, strict liability, tort, or any other theory

of fiability 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 schedute. If
Buyer causes shipment to be delayed Seller reserves the right 1o 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-
exemption cerlificate. Buyer hereby agrees to indemnify, defend and hold harmiess Selier 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 o a late charge of eighteen percent (18%) of the unpaid fees per annum (1.5% per month) or the maxirum
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 whife the whole or any pari of the monies due remain outstanding, take possession of the Contract Goods, or any part, defay 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 retainage fees or backcharges will not be accepted by Seller,

Buyer will be responsible for all 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 instaliments 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, stich as but not limited to, Acts of God, Acts of Buyer, Acts of
Civil or Mifitary Authority, priorities, fires, strikes, floods, epidemics, quarantine restrictions, war, riot, delays in transportation, car
shortages, and Seller’s inability to abtain necessary labor, materiafs, or manufacturing facilities. in the event of any such defay, the date of
delivery shall be extended for a period equal to the time lost by reason of the delay and Seller shail be entitled to an equitable adjustment
in the sales price for increased cosls incurred.

All risk of loss or damage to Contract Goods furnished hereunder shall pass to Buyer, £.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 feasnble by Seller unless otherwise

requested in wriling by Buyer.

GRANT OF SECURITY {INTEREST

As security for the payment in full for the Contract Goods, as a condition of the passage of title 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 time to time in effect
in any applicable jurisdiction). Upon default in paymem 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, pius 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, Selier shall have the unqualified right to cance! the unfinished portion of the contract without

fiability to Buyer of any kind.

GENERAL CONDITIONS
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 canceffation. Any charges after manufacture has started could necessitate additional charges for
work done and material consumed.

Quotations are merely negotiations to trade and not offers to contract.

Seller reserves the right to correct any factory, engineering, clerical and/or stenographic errors or omissions.

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. Itis expressly understood that any and all drawings, instructions, and/or technical and engineering services, which Seller may furnish with
reference to the instaliation 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.

Waiver by Seller of a breach of any of these Terms and Conditions shall not be construed as a waiver of any other breach.

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.

hON

N
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Table B-4. TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation

Stream S120 HLW Melter Offgas Unabated
Cost Item Basis Example Cos!
Direct Costs
Purchased Equipment Costs
Equipment $382,316.00
Required Ancillary Equipment $0.00
Instrumentation and Control 15% of Equipment $57,347.40
Freight 5% of Equipment $19,115.80
Subtotal Purchased Equipment Costs (PEC) $458,779.20
Direct Installation Costs
Foundations & Supports 8% of Subtotal PEC $36,702.34
Handling & Erection 14% of Subtotal PEC $64,229.09
Electrical 4% of Subtotal PEC $18,351.17
Piping and Duct Work 4% of Subtotal PEC $18,351.17
Insulation for Piping & Equipment 4% of Subtotal PEC $18,351.17
Painting 2% of Subtotal PEC $9.175.58
Subtotal Installation Costs (IC) $165,160.51
Site Preparation Equipment Specific $20,000.00
Building Costs see cost factors below equipment size
CS Location per square foot $1,388/sf 66 sf $91.608.00
Subtotal - Building (per highest applicable cost area) Equipment Specific $91,608.00
Total Direct Cost $735,547.71
Indirect Costs (Installation)
Engineering 10% of PEC $45,877.92
Construction and Field Expenses 5% of PEC $22,938.96
Start-up 10% of PEC $45,877.92
Performance Tests 1% of PEC $4,587.79
Contingencies 15% of PEC $68,816.88
Total Indirect Costs $188,099.47
Total Capital Costs (TCC) §923,647.18
Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollutants (June 1991).
Page B-88
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Table B4. TBACT Control Technology Cost Estimate

Thermal Noncatalytic Oxidation
Stream S120

HLW Melter Offgas Unabated

Cost Item Factor Example Cost]
Direct Annueal Costs
Utilities
Electricity $0.08/kWhr $5,000.00
Steam $6.00/1000 Ib $0.00
Water $0.25/1000 gal. $0.00
Matcrials/Chemicals $52,013.00
Operating Expenses
Operator $20/Hr S2hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D Process Specific $100,000.00
Maintenance
Labor $17/Hr 24 hi2 yr $204.00
Materials 100% of Maintenance Labor $204.00
Indirect Annual Costs
Overhead 6% of Labor Costs $840.00
Administrative 2% of TCC $18,472.94
Insurance 1% of TCC $9,236.47
Total Annual Costs (TAC) $187,166.42
Rate of Return on Capital Investment 10.00%
Service Life (years) 40
Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $94,451.62
Grand Total Annualized Costs ACI+TAC $281,618.04
Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollutants (June 1991).
Page B-89
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Table B-4. TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation

Stream S74/S1 LPP LAW Melter Feed Evaporator
Cost Item Basis Example Cost
Direct Costs
Purchased Equipment Costs
Equipment $427,609.00
Required Ancillary Equipment $0.00
Instrumentation and Control 15% of Equipment $64,141.35
Freight 5% of Equipment $21,380.45
Subtotal Purchased Equipment Costs (PEC) _ $513,130.80
Direct Installation Costs
Foundations & Supports 8% of Subtotal PEC $41,050.46
Handling & Erection 14% of Subtotal PEC $71,838.31
Electrical 4% of Subtotal PEC $20,525.23
Piping and Duct Work 4% of Subtotal PEC $20,525.23
Insulation for Piping & Equipment 4% of Subtotal PEC $20,525.23
Painting 2% of Subtotal PEC $10,262.62
Subtotal Installation Costs (IC) $184,727.09
Site Preparation Equipment Specific $20,000.00
Building Costs see cost factors below equipment size
C5 Location per square foot $1,388/sf 88 sf $122,144.00
Subtotal - Building (per highest applicable cost arca) Equipment Specific $122,144.00
Total Direct Cost $840,001.89
Indirect Costs (Installation)
Engineering 10% of PEC $51,313.08
Construction and Ficld Expenses 5% of PEC $25,656.54
Start-up 10% of PEC $51,313.08
Performance Tests 1% of PEC $5,131.31
Contingencies 15% of PEC $76,969.62
Total Indirect Costs $210,383.63
Total Capital Costs (TCC) $1,050,385.52

Source: Madified from EPA Handbook Control Technologles for Hazardous Air Pollutants (June 1991),

Page B-226
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Table B-4. TBACT Control Technology Cost Estimate
Thermal Noncatalytic Oxidation

Stream S41Z PT Vessel Vents Unabated
Cost Item Basis Example Cost
Direct Costs
Purchased Equipment Costs
Equipment $393,515.00
Required Ancillary Equipment $0.00
Instrumentation and Control 15% of Equipment $59,027.25
Freight 5% of Equipment $19.675.75
Subtotal Purchased Equipment Costs (PEC) $472,218.00
Direct Installation Costs
Foundations & Supports 8% of Subtotal PEC $37,777.44
Handling & Erection 14% of Subtotal PEC $66,110.52
Electrical 4% of Subtotal PEC $18,888.72
Piping and Duct Work 4% of Subtotal PEC $18,888.72
Insulation for Piping & Equipment 4% of Subtotal PEC $18,888.72
Painting 2% of Subtotal PEC $9,444,36
Subtotal Installation Costs (IC) $169,998.48
Site Preparation Equipment Specific $20,000.00
Building Costs see cost factors below equipment size
C5 Location per square foot $1,388/sf 66 sf $91.608.00
Subtotal - Buiiding (per highest applicable cost area) Equipment Specific $91,608.00
Total Direct Cost $753,824.48

Indirect Costs (Installation)

Engineering 10% of PEC $47,221.80

Construction and Field Expenses 5% of PEC $23,610.90

Start-up . 10% of PEC $47,221.80

Performance Tests 1% of PEC ) $4,722.18

Contingencies 15% of PEC $70,832.70

Total Indirect Costs $193,609.38
Total Capital Costs (TCC) $947,433.86
Source: Modified from EPA Handbook Control Technologies for Hazardous Air Polls (June 1991).
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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/S1 LPP LAW Melter Feed Evaporator
Cost Item Factor Example Cost}l
Direct Annual Costs
Utilities
Electricity $0.08/kWhr $5,000.00
Steam $6.00/1000 Ib $0.00
Water $0.25/1000 gal. $0.00
Materials/Chemicals $74,019.00
Operating Expenses
Operator $20/Hr 52hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D Process Specific $100,000.00
Maintenance
Labor $17/Hr 24 hri2 yr $204.00
Materials 100% of Maintenance Labor $204.00
Indirect Annual Costs
Overhead 6% of Labor Costs $840.00
Administrative 2% of TCC $21,007.71
Insurance 1% of TCC $10,503.86
Total Annual Costs (TAC) $212,974.57
Rate of Return on Capital Investment 10.00%
Service Life (years) 40
Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $107,411.81
Grand Total Annualized Costs ACI + TAC $320,386.37
Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollutants (June 1991).
Page B-227
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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 S41Z PT Vessel Vents Unabated
Cost Item Basis Example Cost
Direct Costs
Purchased Equipment Costs
Equipment $393,515.00
Required Ancillary Equipment $0.00
Instrumentation and Control 15% of Equipment $59,027.25
Freight 5% of Equipment $19,675.25
Subtotal Purchased Equipment Costs (PEC) $472,218.00
Direct Installation Costs
Foundations & Supports 8% of Subtotal PEC $37,777.44
Handling & Erection 14% of Subtotal PEC $66,110.52
Electrical 4% of Subtota] PEC $18,888.72
Piping and Duct Work 4% of Subtotal PEC $18,888.72
Insulation for Piping & Equipment 4% of Subtotal PEC $18,888.72
Painting 2% of Subtotal PEC $9.444.36
Subtotal Installation Costs (IC) $169,998.48
Site Preparation Equipment Specific $20,000.00
Building Costs see cost factors below equipment size
CS5 Location per square foot $1,388/sf 66 sf $91.608.00
Subtotal - Building (per highest applicable cost area) Equipment Specific $91,608.00
Total Direct Cost $753,824.48

Indirect Costs (Installation)

Engineering 10% of PEC $47,221.80

Construction and Field Expenses 5% of PEC $23,610.90

Start-up 10% of PEC $47,221.80

Performance Tests 1% of PEC $4,722.18

Contingencies 15% of PEC $70,832.70

Total Indirect Costs $193,609.38
Total Capltal Costs (TCC) $947,433.86
Source: Modified from EPA Handbook Control Technologies for Hazardous Air Poll (Junc 1991).
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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

Stream S41Z PT Vessel Vents Unabated
Cost Item Factor Example Cost;
Direct Annual Costs
Utilities
Electricity $0.08/kWhr $5,000.00
Steam $6.00/1000 1b $0.00
Water $0.25/1000 gal. $0.00
Materials/Chemicals $52,013.00
Operating Expenses .
Operator $20/Hr 52 hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D Process Specific $0.00
Maintenance
Labor $17/Hr 24 hri2 yr $204.00
Materials 100% of Maintenance Labor $204.00
Indirect Annual Costs
Overhead 6% of Labor Costs $840.00
Administrative 2% of TCC $18,948.68
Insurance 1% of TCC $9,474.34
Total Annual Costs (TAC) $87,880.02
Rate of Return on Capital Investment 10.00%
Service Life (years) 40
Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $96,884.03
Grand Total Annualized Costs ACI +TAC $184,764.05
Source: Modified from EPA Handbook Control Technologies for | dous Air Poll (June 1991).
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TCI-TI2 DST AN or AW 70% HR

TCI-T12 DST Recup TO-VOC

TOTAL ANNUAL COST SPREADSHEET PROGRAM--THERMAL INCINERATOR 705 feat Recovary
J

COST BASE DATE: A 1888 1]
I

VAPCCI {Third Quarter 2003--PRELIMINARY): [2)) 109.9 |From Chemical Engineering -
- _iINPUT PARAMETERS . COMMENTS
] e
-- (3as flowrate (scfm): A 0gl
- Reference lemperature (0F):| 10 -
-- Inlet gas temperature (oF): - 170 _ . .
-- Inlet gas density (Ib/scf), | 0.0749 - B o
-- Primary heat recovery (fraction): 0.70 .
- Waste gas heatcontent (BTUrscf): 1 ....06.018 o ~
-- Wasle gas heat content (BTU/Ib): 0.24 - .
-- Gas heat capacity (BTUAb-oF). 0.25% | e o
-- Combustion temperature (oF). 1,600 o . ]
- Preheat temperalure (oF): | 1,171

-- Fuel heat of combustion (BTUAD): :

22,388

Purchased Equipment Cost (S):

-- Fuel density (Ib/ft3): o . 0t52 !Adjusted for representative natural gas. e
] B e § J
IDESIGN PARAMETERS n B o o
-- Auxihiary Fuel Reqrmnt (Ib/min): 1979 | ~ :_ . N . ]
. (sefm): 43.8
-- Tolal Gas Flowrate (scfm): — 4,044| e —
CAPITAL COSTS R I —
Equipment Cosls (S‘): o . _ i ;1 B ,*‘.— . —
-- Incinerator: - : ; :
@ 0 % heat recovery: 0 B - __,_WT@ e ]
@ 35 % heat recovery: 0 ; .
@ 50 % heat recovery: . 0
@ 70 % heat recovery: 170,189 ]
-- Other (auxiliary equipment, etc.): » 0 _ e N
Total Equipment Cost--base: | 170,189 R o
't .escalated: il _..233,945 I S

252,661

This is sent to the “TCt Adjust” sheet aé the

No. of Tanks over life of oxidizer

1

equipment value.
|

This is the total TCI for all tanks, based.on the
number of installations and the TCI val(es from the

Total Capital Investment (S): - 1,544,539 {"TCI Adjust” sheet. e
T ANNUAL COST INPUTS
f(:):plc_-{raling factor (hriyr): . 4,760 ‘ o
Operating labor rate ($hr): - 51.58 e I
Maintenance labor rate ($/hr). ~ 50,78 R L
Operating labor factor (hrish): - 0.0 . ! B
Maintenance lahor factor (hr/sh): 051 ~ -
Eleclricity price (Skwh): 0,080 |
Nalural gas price (S/mscf): 5,00 o
Annual interest rate (fraction): : e.07 4y
Control system life (years): 11 § -
Capital recovery factor: 0.1334
Page 1 of 3 : §/3/2004
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TCI-TI2 DST AN or AW 70% HR

TCHTI2 DST Recup TO-VOC

Taxes, insurance, admin. factor: n.os o - fff__ I B
: 190 R I
e ANNUAL COSTS D A D T
item }E,ost (Shyr) Wt. Factor | W.F.(cond.) ‘ .
Operating labor r o] 0000 - R ]
Supeivisory labor ! 0 0.000| ---- i
Maintenance fabor E 27,802 0.058 | - : B
Maintenance materials ; 27,802 0.058 -
Natural gas 115,089 0239 -
Electricity o 10500 0022 - -
Overhead 33,362 0.069 0.184 )
Taxes, insurance, administrative 61,782 0.128 -
[{Capital recovery 205,975 0.427 0.555 - .
Tolal Annual Cost 482,312 1,000 fo00] T

[1] Original equipment costs reflect this date, ¢
[2] VARCCI = Vatavuk Air Pollution Control Cost Index (for

incinerators) corresponding 1o year and quarter shown. Original |

equipment cost, purchased equipment cost, and total capital investment

have been escalated to this dala via the VAPCCI and control equipment

vendor data, |

Total Unabated VOC Emissions = 0. 56 |For AN or AW individually |
Emission Control Efficiency = | 39,00 ] T
Jotal Abated VOC Emissions = 0.9504 ] B
Cost-Effectiveness, $/ton = | $507,483 |
i S
Annual vOC i )
Heat Total Reduced,
Recovery |Cost-Effect TCL __.{Annual Cost tons ]
B 507,483 1,544,539 482,312 0.9504
070 507,483 1,544,539 482,312 0.9504
) 506,606 1,238,126 481,479 0.9504 ) e
0.35 514,211 1,044,408 488,706 0.9504 B
0.00 547,353 663,548 520,204 0.9504

Page 59

133 of 180



TOC-ENV-NOC-5241 7/28/2015 - 2:42 PM 134 of 180

TOC-ENV-NOC-5241 REV 00A

% \washingtonriver '
¥ protectionsolutions RPP-ENV-46679 Rev. 1

TCI-T12 70% HR AN or AW TCI-TI2 DST TO-All TAPs

Kecovery

TOTAL ANNUAL COST SPREADSHEET PROGRAM--THERMAL INCINERATOR26% Beat

COST BASE DATE: April 1988{[1 ] o o -
i
i L. £ “
VARCCI (Third Quarier 2003--PRELIMINARY): [2)}  109.9 ;From Chemical Engineering
VAL (TN SO |
T INPUT PARAMETERS COMMENTS i i i
-- Gas flowrate (scfim). | R 4,006 R :
-- Reference lemperature (OF). | 70 ; N
-- Inlet gas temperature (oF): H 170 - !
- Inlet gas densily (Ib/scf): e 0.0749
-- Primary heal recovery (fraction): 0.70
-- Wastie gas heat content (BTU/scf); 0.6 :
-- Waste gas heat contenf (BTU/Ib): 0.24 ]
-- Gas heal capacily (BTU/Ib-oF): I up.oss e ]

|-- Combustion temperature (oF): i 1,800
-- Preheat lemperaiure (oF). | i 1,311
! !
-- Fuel heal of combustion (BTU/Ib): 27, 886 |Adjusted for representative natural gas: P
-- Fuel density (Ib/ft3): ¢.c252 |Adjusted for representative natural gas:
I

3

- DESIGN PARAMETERS __ ;
Fuel Input (MMBtuh), LHV Basis

- puxiliary Fuel Regrmnt (Ib/min): 2.258 : ._;
! 1 (scfm): i 49.9 2.80 :
-- Total Gas Flowrate (scfm): i 4,050

CAPITAL COSTS 4_ .

Equipment Costs (S):

-- Incinerator: i | ] .
@ 0 % heat recovery: [ 0 . i
@ 35 % heatrecovery: 0 . : _
@ 50 % heat recovery: 0 ; ]
@ 70 % heat recovery: 170264 | :
-- Other (auxiliary equipment, etc.): 0 : :
Total Equipment Cost--base: 170,254 i : -
't ' --escalated: 234,034 1 .
This is sent to the "TC! Adjust" sheet as the
Purchased Equipment Cost (S): 252,757 |equipment value. )
No. of Tanks over life of Systern 1 :
This is the total TCI for all tanks, based on the
number of installations and the TCI valti:es from the
Total Capital Investment (S): 1,545,126 {"TCl Adjust" sheet.
ANNUAL COST INPUTS i}
Operating factor (hriyr): i 5,760 b il
Operaling labor rate (Sfhr): 5).586 :
Maintenance labor rate ($/hr): ) 50.72 i
Operating labor factor (hr/sh): 0.0 ' ;
Maintenance labor factor (hr/sh). ; 0.5 :
Eleclricity price (Stkwh): : 0. 080 ]
Natural gas price ($/mscf): i 5.00 i
Annual inferest rate (fraction): R 0.07 R B
From series in Chemical Engineering by
Control systern life (years): . 11 |Vatavuk/EPA for thermal oxidizers.
Capital recovery factor: ) . 0.1334 ! ! !
Page 1 0f 3 ; 5/25/2004
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TCI-TI2 DST TO-All TAPs

Taxes, insurance, admin. faclor. 004 | .
Pressure drop (in. w.c.): i 19.0 1 .
]

T ANNUAL COSTS ; ] I

i ; | ;
ilem {Cost (Styr) | Wi Factor | W.F.(cond) | i
Operating labor | I 0 0.000 | - T } "
Supervisory fabor ! 0 0.000 ! - ]
Maintenance labor 27,802 0.056
Mainfenance malerials 27,802 0.056
Natural gas » 131,263 0.263 | ---- B
Electricily 10,516 0.021
Qverhead 33,362 0.067 0178 | S
Taxes, insurance, administrative 61,805 0.124 -
Capita! recovery 208,053 0.413 0.537 S R
Totat Annual Cost 498,604 1.000 1.000 | B
S : . I SRR, :
1] Original equipment costs reflect this date. i e _ B
[2) VAPCCI = Vatavuk Air Pollution Control Cost Index (for thermal”
incinerators) corresponding to year and quarter shown. Original |
equipment cost, purchased equipment cost, and total capital investment
have been escalaled lo this data via the VAPCCI and control equipment
vendor data. R [ A !
- i ... _Non-NH3 __NH3 | Total TAP :
Total Unabated Emissions = : 6,56 0.9¢: 1.82) I S
Emission Control Efficiency = 9%.00% ¢5,60%;
Total Abated Emissions = 095 095 1.90
Cost—Effecﬁven;ass, $/ton = o $524,625 $524.625! $262,313 : ]
i : i
Annual TAP ' |
Heat Total Reduced, | ' !
Racovery |Cost-Effect TCI Annual Cost tons |
262313 | 1545126 | 498,604 | 1.0 ‘ ;
0.70 262,313 1,545,126 498,604 1.80 ! ;
... 050 266,137 1,238,828 505,873 1.0 R !
| 035 273,134 1,045,178 519,174 i¢0
0.00 297,137 664,189 564,797 1.90 ; i
|
{
Page 2 of 3 5/25/2004
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NUCON International, Inc

7000 Huntley Road
Columbus, OH 43229

)0l @

Phone: 614-846-5710

Fx: §14-431-0858

WWW.nucon-int.com

QUOTATION/PROPOSAL
®
Proposal No.: 12328 Date: [ 12 Apr 10
Attachments: Vessel Description Exp. Date: 12June 10
Adsorbent data sheet
Name: Phone: Fax: Email: !

Company: Columbia Nuclear International LLC

Address:

Ref Description R
Adsorber vessel per attached description with 11,000 Ibs
of NUCON MERSORB 3 Mercury Adsorbent

aty.

Unit Price | Total Price |

lot

$247,000 |

_ $247,000

| Terms: Net 30 days

Shipment: 20 weeks after drawing approval

| FOB: Columbus, OH

B —

| Please Contact: | Joe Enneking | Phone Ext.: 111 ]gmaljjoe~epneygg@nugon;mthmi

A

Total | $247,000

Form: FP-24 (2004-11-10)
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Client:

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

Date: 24-Feb-10

Phone: 614-846-5710 FAX: 614-431-0858 Internet: www.nucon-int.com
Preliminary Design for a Vertical Adsorber with ASME Flanged & Dished Heads

Fluid Properties:

Fluid flow rate, Ib.hr

Fluid pressure, psia (Ref. only)
Fluid temp., °F (Ref, only)
Average mol. wt.(Ref. only)
Viscosity, Centipoise

Fluid actual density, Ib/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,, Ib
Carbon bulk density, Ib/cu ft

Calculations:

Inlet & outlet nozzles, in.
Carbon volume, cu ft
Carbon depth, ft

Carbon depth. in.

Design stress, psi

Shell thickness, in

Head thickness, in
Cylinder length, inches
Over all vessel height, ft
Total stee! weight, Ib
Flow area, sq ft
Superficial velocity, ft/min
Superficial velocity, ft/sec
Total Flow,acfm

Mass velocity, Ib/hr/sq ft
Empty Bed Contact Time, sec
Deita P, "WG/ft

Total Bed Delta P, "WG
Total Bed Delta P, psi

Hanford Hg Adsorber

9150
14.7

167
28.966
0.0209
0.050754

50

ss
10.0
200

16700
3/16
3/16

10.9
3969

38.26
0.64
3005
17

0.66
263
0.10

All Dimensions in Inches

CB= 48
DR = 120
HT = 3/16
ICR = 7.3
ID = 120
OAH = 131
SF= 1 12

SS= 90
ST= 3/16

Beta Version 1.07
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PROJECT RESPONSIBILITY Proposal 13238

The following project responsibility matrix is the basis for this proposal.  Any
changes in scope may result in price adjustments.

RESPONSIBILITY
ACTIVITY NUCON CLIENT
5.1 ENGINEERING AND DESIGN
5.1.1 Verilication of design data - operational flow rates, X
adsorbate compositions, clc.
5.1.2 Fqquipment specifications X
5.1.3 Electrical engineering N/A
5.1.4 Fire protection & salcly engineering X
5.1.5 Process enginecring X
5.1.6 Mecchanical engincering X
5.1.7 Insulation specilications X
5.1.8 Soltware validation (when required) N/A
5.1.9 Process review ol vendor drawings X
5.1.10 Dimensional review ol vendor drawings X
5.1.11 Salety review (pre-shipment) X
5.1.12  Control system engincering N/A
5.1.13  Heat and material balance [low sheet N/A
5.1.14  Design criteria X
5.1.15  Instrument loop diagrams N/A
5.1.16  Piping and instrumentation diagram X
5.1.17 Construction drawings (civil and loundation) X
5.1.18  Demolition drawings (civil and foundation) X
5.1.19  Drawing revisions and updates X
5.1.20  System layout drawings X
5.1.21 Equipment arrangements drawings X
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RESPONSIBILITY
ACTIVITY NUCON CLIENT

5.1.22  Process flow diagrains X

5.1.28  Piping schedule (line list) X

5.1.24  Instrument specilications N/A

5.2 PROCUREMENT

5.2.1 Process cquipment procurement X

5.2.9 Process Salety equipment procurement N/A

5.2.3 Shop nspection X

5.2.4 Recelving/storing/warchousing X

5.2.5 Cxpediting X

5.2.6 Fire protection cquipment procurement ‘ X

5.2.7 Handling and distribution of vendor drawings X

5.2.8 Spare parts X

5.2.9 Quality Assurance X

5.3 FIELD CONSTRUCTION

5.3.1 Site studies and preparation X

5.3.2 Demolition X

5.3.3 Construction specilications X

5.3.4 Construction contracts X

5.3.5 Liquipment/materials protection X

5.3.6 Insulation shop installed at NUCON X

5.3.7 Insulation ficld installed on-site X

5.3.8 Ficld construction management and supervision X

5.3.9 Ficld inspection X

5.3.10  Onssite space and scrvices for NUCON personnel X
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RESPONSIBILITY
ACTIVITY NUCON CLIENT

54 UTILITIES
5.1 Electrical power X
542 MCC X
5.3 Stcam ( Not applicable this Proposal)
%! Cooling waler X
HAb Chilled water
546 Plant compressed air X
547 Instrument air X
5.4.8 Nitrogen X
5.4.9 Process Control Compulter N/A
5.5 PROJECT CONTROL & MONITORING
5.5.1 Project management
5.H.2 Scheduling X
5.5.3 Progress/status reporting
5.6 OPLERATIONS
5.6.1 Commissioning T'cchnical Assistance
5.6.2 Start-up T'echnical Assistance X
5.6.3 Pre-operational salety check X
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NUCON International, Inc. TELEPHONE: (614) 846-5710
FAX: (614) 431-0858
P.0.BOX 29151 7000 HUNTLEY ROAD WEB SITE: www.nucon-int.com

COLUMBUS, OHIO 43229 U.S.A.

10RC 1

Technical Data Sheet:
® MERSORB?®-3 (2005/03)
: ®
NUSORB® MERSORB®-3
TYPICAL APPLICATIONS: Mercury control
RAW MATERIAL: Coal
ACTIVATION METHOD: High Temperature Steam
PARTICLE TYPE: Pellet
IMPREGNANT: Sulfur
PHYSICAL PROPERTIES:
APPARENT DENSITY (ASTM D2854) 0.55 g/ml, Typical
HARDNESS ASTM D3802) 98 % Typical
ASH (ASTM D2866) 10 wt %Typical
MOISTURE CONTENT, as packaged (ASTM D2867) 5 % Maximum
PARTICLE SIZE, 3 mm Diameter
CARBON TETRACHLORIDE ACTIVITY (ASTM D3467) 60 % Minimum
SULFUR CONTENT 13 % Typical

Additional ASTM or custom testing available on request

PACKAGING: Square fiber drums (150 pounds) or "tote bags" (1,000 pounds)

Information herein is accurate to the best of our knowledge. User should determine 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 information 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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Pressure Drop Curve for All NUSORB® Grades of
1.5 mm, 3mm and 4 mm Diameter Pelleted Carbons
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Table B-4. TBACT Control Technology Cost Estimate

Activated Carbon Adsorber

24590-WTP-RPT-ENV-01-005, Rev. 0
Best Avallable Control Technology Analysis for
Toxic Air Pollutants for the WTP

Stream S120 HLW Melter Offgas Unabated
Cost Item “Basis Example Cost|
Direct Costs
Purchased Equipment Costs
Equipment $1,977,962.00
Required Ancillary Equipment ($10/cfm) $23,000.00
Instrumentation and Control 15% of Equipment $296,694.30
Freight 5% of Equipment $98,898.10
Subtotal Purchased Equipment Costs (PEC) $2,396,554.40
Direct Installation Costs
Foundations & Supports 8% of Subtotal PEC $191,724.35
Handling & Erection 14% of Subtotal PEC $335,517.62
Electrical 4% of Subtotal PEC $95,862.18
Piping and Duct Work 4% of Subtotal PEC $95,862.18
Insulation for Piping & Equipment 4% of Subtotal PEC $95,862.18
Painting 2% of Subtotal PEC $47,931.09
Subtotal Installation Costs (1C) $862,759.58
Site Preparation Equipment Specific $20,000.00
Building Costs see cost factors below equipment size
C5 Location per square foot $1,388/sf 52 sf $72.176.00
Subtotal - Building (per highest applicable cost area) Equipment Specific $72,176.00
Total Direct Cost $3,351,489.98
Indirect Costs (Installation)
Engineering 10% of PEC $239,655 .44
Construction and Field Expenses 5% of PEC $119,827.72
Start-up 10% of PEC $239,655.44
Performance Tests 1% of PEC $23,965.54
Contingencies 15% of PEC $359,483.16
Total Indirect Costs $982,587.30
Total Capital Costs (TCC) $4,334,077.29
Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollutants (June 1991).
Page B-58
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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
Activated Carbon Adsorber

Stream S120 HLW Melter Offgas Unabated
Cost Item Factor Example Cost
Direct Annual Cosis
Utilities
Electricity $0.08/kWhr $0.00
Steam $6.60/1000 1b $0.00
Water $0.25/1000 gal, $0.00
Materials/Chemicals Process Specific $0.00
Operating Expenses
Operator $20/Hr 52 hr $1,040.00
Supervisor . 15% of Operator $156.00
Secondary Waste T&D 184 cflyr x $129.24/cf $23,780.16
Maintenance
Labor $17/Hr 72 hri2 yr $612.00
Materials 5,520 lbs/yr $5,520.00
Indirect Annual Costs
Overhead 6% of Labor Costs $1,084.80
Administrative 2% of TCC $86,681.55
Insurance 1% of TCC $43,340.77
Total Annual Cests (TAC) $162,215.28
Rate of Return on Capital Investment 10.00%
Service Life (years) - 40
Capital Recovery Factor 0.1023
Anpnualized Capital Investment (ACI) $443,200.21
Grand Total Annualized Costs ACI + TAC $605,415.48
Source: Modified from EPA Handbook Control Technologies for Hi dous Air Poll) (June 1991).
Page B-59
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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/S1

LPP LAW Melter Feed Evaporator

Cost Item Factor Example Cost
Direct Annual Costs
Utilities
Electricity $0.08/kWhr $0.00
Steam $6.00/1000 Ib $0.00
Water $0.25/1000 gal. $0.00
Materials/Chemicals Process Specific $0.00
Operating Expenses
Operator $20/Hr S2hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D 296 cffyr x $129.24/cf $38,255.04
Maintenance
Labor $17/Hr 72 hri2 yr $612.00
Materials 5,520 lbs/yr $10,000.00
Indirect Annual Costs
Overhead 6% of Labor Costs $1,084.80
Administrative 2% of TCC $115,524.16
Insurance 1% of TCC $57,762.08
Total Annual Cests (TAC) $224,434.08
Rate of Return on Capital Investment 10.00%
Service Life (years) 40
Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $590,671.66
Grand Total Annualized Costs ACI+TAC $815,105.74
Source: Modified from EPA Handbook Control Technologies for Hazardous Air Pollutants (June 1991),
Page B-197
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Best Available Control Technology Analysis for
Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Activated Carbon Adsorber

Stream S41Z PT Vessel Vents Unabated
Cost Item Basis Example Cost
Direct Costs
Purchased Equipment Costs
Equipment $2,128,949.00
Required Ancillary Equipment ($10/cfm) $26,000.00
Instrumentation and Control 15% of Equipment $319,342.35
Freight 5% of Equipment $106.447.45
Subtotal Purchased Equipment Costs (PEC) $2,580,738.80
Direct Installation Costs
Foundations & Supports 8% of Subtotal PEC $206,459.10
Handling & Erection 14% of Subtotal PEC $361,303.43
Electrical 4% of Subtotal PEC $103,229.55
Piping and Duct Work 4% of Subtotal PEC $103,229.55
Insulation for Piping & Equipment 4% of Subtotal PEC $103,229.55
Painting 2% of Subtotal PEC $51.614.78
Subtotal Installation Costs (IC) $929,065.97
Site Preparation Equipment Specific $20,000.00
Building Costs see cost factors below equipment size
CS5 Location per square foot $1,388/sf 52 sf $72.176.00
Subtotal - Building (per highest applicable cost area) Equipment Specific $72,176.00
Total Direct Cost $3,601,980.77
Indirect Costs (Installation)
Enginecring 10% of PEC $258,073.88
Construction and Field Expenses 5% of PEC $129,036.94
Start-up 10% of PEC $258,073.88
Performance Tests 1% of PEC $25,807.39
Contingencies 15% of PEC $387,110.82
Total Indirect Costs : $1,058,102.91
Total Capital Costs (TCC) $4,660,083.68
Source: Modified from EPA Handbook Control Technologies for Hazardous Air Polluants (June 1991).
Page B-140
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Best Available Control Technology Analysis for
Toxic Air Pollutants for the WTP

Table B-4. TBACT Control Technology Cost Estimate
Activated Carbon Adsorber

Stream S41Z PT Vessel Vents Unabated
Cost Item Factor Example Cos!
Direct Annual Costs
Utilities
Electricity $0.08/kWhr $0.00
Steam $6.00/1000 1b $0.00
Water $0.25/1000 gal. $0.00
Materials/Chemicals Process Specific $0.00
Operating Expenses
Operator $20/Hr S2hr $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D 208 cf/yr x $129.24/cf $26,881.92
Maintenance
Labor $17/Hr 72 hri2 yr $612.00
Materials 6240 bs/yr $6,240.00
Indirect Annual Costs
Overhead 6% of Labor Costs $1,084.80
Administrative 2% of TCC $93,201.67
Insurance 1% of TCC $46,600.84
Total Annual Costs (TAC) $175,817.23
Rate of Return on Capital Investment 10.00%
Service Life (years) 40
Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $476,537.43
Grand Total Annualized Costs ACI+ TAC $652,354.66

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

Page 74



TOC-ENV-NOC-5241 7/28/2015 - 2:42 PM 149 of 180

TOC-ENV-NOC-5241 REV 00A

% ashingtonriver
< protectionsolutions RPP-ENV-46679 Rev. 1

TCI-CASX DST AN or AW TCI-CA5X DST AN or AW Carbon Ad

TGVAL ANHUAL COST SPREADSHEET PROGRAM-.CAREON,ADSORBERS D] . .
I . ! :
COST BASE DATE. Thicd ’Qu:mer 1989 (2] : :
+ s
VAPCCH (Third Quanzr 2002--PRIEL IMIN;“RY)I 8] 113.8 i -
J . i
INPUT PARAMETERS" L
-- Injet strenm fowrate (acfm): 4,065
2am lemperature (of ): oz I: ]
|- tlat stream pressure (3im): 1 T
- VOC 10 be condensed: | Mix of volatile organics (primarily) I
|-+ Inlet VOC fluwrate (i), : 0 22 |Annual average. : ;
- VOC imolecular wei ght (Ibiitr-nede). i 80.00 i i ]
-- VQU let volurne fraction: . S 3.9E-06 :
- VO inlel concentration (pprav) ‘_ 39 f X
= VOC inlel pattial pressure (psia): : 0.000067 | S i . R
- Required VOC removal (frachon) i 0.98 : ¢
-+ Fraundlicn isnther equalion constants for VOL (see Table § below) :
— = = .
VOC number (enter Table 1 # or zero, if no data): of . ..
o | K 0.000 __
M: 0.000 R
|- Yaws isotherm equation constants (see Table 2 below): Bk i
VOC number (enter Table 2 #or zero, it no dats). 0
. 0.00000 N
0.00000
o 0.00000 N
—~Agsorptiontmethry: i b 8.0
-- Dasorplion time (hr). b o : . 4.0
- Nurnber of adsorbing vessels: ! I 1 i
- Superhcial carbon bed velocity ({vnin). 75 i .
-- Carbon price {(5/b): | 2.00 i
- daterial of construction %ﬁn.- st betov) (4] | 1.3 _
I {DESIGN PARANMETERS.
—- Carbon equithiium capacity--Freindiich (1b VOCb c-ub) e 0.0000 |Vold for this project. I R I
. ‘ © Nawsetal *_* - 0.0000 [Void for this project. ;
-- Carbon weerking capacity {Ib VOC/b cardon): 0.3241 Linked to “Carbon Capacity Estimate” sheet. | |
-~ Number of desorbing vessols: 1 e I 1 ] i
-~ Total numbor of vessels: i 2 H :
- Carbon requirement, total ()" i o N|——__ 7 :
-- Carbon requirement per vessel (1) : [ [ i
.- Gas flowrate per vesee! (aclm): i 4988 !
- Adscrber vessel diameter (1t); 1 9.202 | |
.~ Adscrber vessel ength (1f), : 4003 | N~
-- Adsorber vessel suface acea (112) F 248.77 \ 7
-~ Carbon bed thickness (t) Ao 0.003
- Carbon bed pressure drop (in.veed 455 | 0.009] ¥ [;;
CAPITAL COSTS Accessories -
|E quipment Costs (5) _ltem Cost Comments
Hudson
HX for cooling oducts
-- Adsorber vessels 4 51,501 land dehumid 178,000 isbftware
HX fan, duct,
i damper, and H
- Caryon i = s control !
Heating coil
with temp
-- Other equipment (condunser, decanie:, &1c ) IR - 58,836 |control
Trlal emnlnn\cnt cost (8)--base 96.627
*_‘-escalated: | . 121,848 : o
Purchased Equipment Cosl (S) 131,704 :
Accessories 178,000 | _ Total 178,000 .
PEC, with Accesscries ' 309,704 : i
No_of Tanks over lite of urit 1 i
Total Capiial Investment (3): 1,456,281
N - . ($7acim). 292.0 :
ANNUAL COST INPUTS -
Operatng facter {hrive): ol 8760}
Operating tabor rate ($'hr): 5186 .. .
Maintenance fabor rate ($). 50.78 ; .
Operating labor factor (he/sh): 0.0 o
Maintenance iabor factor (hr/sh): 0.5 i
Electricily price ($/k¥Whe) } .08 ) {
Pago 4 of 7 : 56/25/2004
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TCI-CA5X DST AN or AW TCI-CASX DST AN or AW Carbon Ad

Recovered VOC value (SHD), i
Steam price ($/10001b). | t |
| Conling water prica ($/1000 gal).
|Carbon replacement fabor ($ib). i
Overnead rate (fraction); I ]
[ Annual interest rate (fraction); ;
Control system lite (years).

_Qg_)ilnl recovery factor (system)
Carben life (yoars):
apital recovary factor {carbosij
38, INSUIANGE, acinin. faclor

T

0.04 U I

|
!

P ANNUAL COSTS. ) —
1 T Cost (S3r) Vit. Factor W.F.(cond.)

tem

Oper.
Supervisory lnbor

it

ing labor 0 0.000
0 0.000 - .
Ma:nlenance labor R T ST 27,802 0.081 SR b
Mamienance matenals 27,802 0.081 ‘

Electricily o 7 0000 { -
Steain — i 40 0.000
Cooling v/atc : . 5 0.000
|Carban replacement 6. 0.000
Querhend 33,362 0.098

insurance, administrative ... 58,251 0.171

Taxe! o
Capital recovery 194,202 0.569

O T —
[ Total Annuat Cost (withaut credits) T 341478 1.000 1.000
Recovery credils i [
Total Anhual Cast (with credils) 341478 .
" ° ! _{Stmillion acf) B 130.26 N
7 LA 2 N :
i
Total Unabated Organic TAP Enissions, torns = 0.86
[Emisson Coalroi Ethiciency = . i 0.98
Total Abated Organic TAP Emissions, tons =_ | 0.94 ! e
Cost-Effectiveness, $Mon = 362,965 : |
1 - ¢
o [
Notes i
...... i
(1) This pregram has been based on data and proceaures in _Qw?luv 4 R i
of the OAQPS CONTROL COST MANUAL (5ih edition) !
i T

Il
2] Base equipment costs refiect this date I
T

: 1
3] YAPCC! = Valavuk Air Poflution Control Cost index, {for carbon

i
!
adsorbers) corresponding o year and quarter shown. Base equipiment H L [ S
i |
T
H
1
H

cost, purchased equipment cost, and total capital investment have been i
escalated to this date via the VARCCI and control equipiment vendor data
- ' I

'1.3'; Carpenter 20 (CB-3)--'1.6". Monel-400--'2.3', Nicke-200-+'3.2", i R
T i !

titanivni-4.5"

]
u_siThis is the cacbon bed pressure drop ONLY. Thera will be additional pressure drop } N .
through the ductwork . For estimating ductwork pressure losses. see Chapter 10 !
of he OAGPS CONTROL COST MANUAL (5th edition). 1 :
Table 1, Freundlich Canstants for Selected Compounds |6} : 7
] 1 CorrelationRbnge (psia) | |
VOC name { VOC number | K ™M Temperature (F _ Minimum__| * Maximum
Benzene 1001 0597 0.176 77 0.0001]_* 0.05|
Chlorobenzene 1002 1.08 0.188, 7 0.0001/ 0.01
|Cyclohexane 1003 0.508 0.210 100 0.0001! ; 0.05
Dichinroethane 1004 0.976 0.281 el 00001 i 004 o
Phona! 1005 0.855, 0,153 104 0.0001] : 0.03
Trichicromtiane 1006) . 1.06 0161 _ 17 0.0001; ¢ 0.04 j
Vinvl chlorids 1007 0.200 0477 100 0.0001: 0.0
m-Xylene (low-pressuce range) Ao 3008 0.708 0.113! 7.1 00001 ; 0.001
m-Xylene (high-pressuré range) 1009 0.527 0.0703| 7 0.001: . 0,08
Acrylonitrite 1010 0.935 0.424 100 0.0001; 0.015) ]
Acetons 1011 0412 0.389 100 0.0001_ ¢ 0.05
Tolugne 1012 0,551 0,110 77 0.0001, : 0.05
{8)_These constants fit the following equation: . I i
H i
la = kpym ] - - !

Page 5 of 7 512612004
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Wet Caustic Scrubber Cost Estimate
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Best Avallable Control Technology Analysis for

Table B-4. TBACT Control Technology Cost Estimate

Wet Caustic Scrubber

Yoxic Alr Pollutants for the WTP

Stream S9v/S17 PT L.LAW Evaporator Offgus Unabated
- Cost Item Basis Example Cost
Direcr Costs
Purchased Equipment Costs
Equipment $552,000.060
Required Ancillary Equipment S0.00
Instrumentation and Control 15% of Equipment $82,800.00
Freight 5% of Equipment $27.600.00
Subtotal Purchased Equipment Costs (PEC) $662,400.00
Direct Installation Costs
Foundations & Supports 8% of Subtotal PEC $52,992.00
Handling & Erection 14% of Subtotal PEC $92,736.00
Electrical 4% of Subtotal PEC $26,496.00
Piping and Duct Work 4% of Subtotal PEC $26,496.00
Insulation for Piping & Equipment 4% of Subtotal PEC $26,496.00
Painting 2% of Subtotal PEC $13.248.00
Subtotal Installation Costs (IC) $238,464.00
Site Preparation Equipment Specific $20,000.00
Building Costs see cost factors below  equipment size
C$5 Location per square foot $1,388/sf 18 sf $24,984.00
Subtotal - Building (per highest applicable cost area) Equipment Specific $24,984.00
Total Direct Cost $945,848.00
Indirect Casts (Installation)
Engineering 10% of PEC $66,240.00
Construction and Ficld Expenses 5% of PEC $33,120.00
Start-up 10% of PEC $66,240,00
Performance Tests 1% of PEC $6,624.00
Contingencies 15% of PEC $99,360.00
Total Indirect Costs $271,584.00
Total Capital Costs (TCC) $1,217,432.00
Source: Modified fram EPA Handbook Consrel Yechnologies for i doys Air Poll (June 1991)
Page B-284
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Best Available Contro! Technology Analysis for
Toxic Alr Pollutants for the WTP

Table B-4, TBACT Control Technology Cost Estimate

Wet Caustic Scrubber
Stream S9v/S17 PT LAW Evaporator Offgas Unabaled
Cost Item Factor " Example Costl
Divect Annual Costs
Uilities
Electricity $0.08/kWhr $0.00
Steam $6.00/1000 Ib $0.00
Water $0.25/1000 gal. $5,000.00
Materials/Chemicals Process Specific $25.000.00
Operating Expenses
Operator $20/Hr 52 hrs $1,040.00
Supervisor 15% of Operator $156.00
Secondary Waste T&D Process Specific $0.00
Maintenance
Labor $17/Hr 24 hei2 yr $204.00
Materials 100% of Maintenance Labor $204.00
Indirect Annual Costs
Overhead 6% of Labor Costs $840.00
Admunistrative 2% of TCC $24,348.64
Insurance 1% of TCC $12,174.32
Total Annual Costs (TAC) $68,966.96
Rate of Return on Capital Investment 10.00%
Service Life (years) A0
Capital Recovery Factor 0.1623
Annualized Capital Investment (ACI) $124,493.88
Grand Total Annualized Costs ACI+ TAC $193,460.84

Source: Modified fram EPA Handbook Centre! Yeck

fogies for Hazardous Air Poliut (June 1991).

PFage B-285
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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 S41 PT PIM/RFD Ofigas Unabated
Cost ltem Basis Example Cost
Direct Cosis
Purchased Equipment Costs
Equipment $1,224.000.00
Required Ancillary Equipment (heat xers, quench, etc.) $0.00
Instrumentation and Control 15% of Equipment $183,600.00
Freight 5% of Equipment $61:200.00 :
Subtotal Purchased Equipment Costs (PEC) $1,468,800.00
Direct Installation Costs
Foundations & Supports 8% of Subtotal PEC $117,504.00
Handling & Erection 14% of Subtotal PEC $205,632.00
Electrical 4% of Subtatal PEC £58,752.00
Piping and Duct Work 4% of Subtotal PEC $58,752.00
Insulation for Piping & Equipment 4% of Subtotal PEC $58,752.00
Painting 2% of Subtotal PEC £29,376.00
Subtotal Installation Costs (IC) $528,768.00
Sitc Preparation Equipment Specific $20,000.00
Building Costs see cost factors betow  equipment size
CS5 Location per square foot $1,388/sf 36 sf $49.,968.00
$0.00
Subtotal - Building (per highest applicable cost area) Equipment Specific £49,968 00
‘Total Direct Cost $2,067,536.00
Indirect Costs (Instaliation)
Engincering 10% of PEC $146,880.00
Construction and Field Expenses 5% of PEC $73,440.00
Start-up 10% of PEC $146,880.00
Performance Tests 1% of PEC $14,688.00
Contingencics 15% of PEC $220,320.00
Total Indirec¢ Costs $602,208.00
Total Capital Costs (TCC) $2,669,744.00
Source: Modified from FPA Handbonk Control Technologies for Hi dous Air Polll s (June 1991).
Page B-136
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Best Avallable Contrel Technology Analysis for

Toxic Air Pollutants for the WTP
Table B-4. TBACT Control Technology Cost Estimate
Wet Caustic Scrubber
Stream S41 PT PIM/RFD Offgas Unabated
Cost Item Factor Example Coslj,
Direct Annual Costs
Utilitics
Electricity $0.08/kWhr $0.00
Steam $6.00/1000 Ib $0.00
Water $0.25/1600 gal. $10,000.00
Materials/Chemicals Process Specific $50,000.00
Operating Expenses
Operator $20/Hr 52 hréyr $1.040.00
Supervisor 15% of Operator $156,00
Secondary Waste T&D Process Specific $0.00
Maintenance
Labor S17/1r 24 hei2 yr §204.00
Materials 100% of Maintenance Labor $204.00
Iudivect Annual Costs
: Overhead 6% of Labor Costs $840.00
Administrative 2% of TCC $53,394.88
Insurance 1% of TCC $26,697.44
Total Aannual Costs (TAC) $142,536.32
Rate of Retum on Capital Investment 10.00%
Service Life (years) 40
Capital Recovery Factor 0.1023
Annualized Capital Investment (ACI) $273,006.46
Grand Total Annualized Costs ACI + TAC $415,542.78

& Control Teck

logies for Hazardous Air Pollwants {June 1991).

Source: Modified from EPA Handl

Page B-137
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MERSOB® Mercury Adsorbents NUCON Bulletin 11B28, August 2004
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P
wd NUCON International, Inc
-

=k MERSORB" Mercury Adsorbents

Design and Performance Characteristics

MERSORB"-1.5
MERSORB®-3
MERSORB®4

MERSORB®-LW

MERSORB®*-LH

MERSORB*-HT

MERSORB“-CR

NUCON Bulletin 11B28 - August 2004

NUCON International, Inc
7000 Huntley Road  Columbus, OH 43228
Phone: 614-846-5710 Fax: 614-431-0858 hitp:/iwww._nucon-int.com/

Page 83



TOC-ENV-NOC-5241 7/28/2015 - 2:42 PM 158 of 180
TOC-ENV-NOC-5241 REV 00A
2% ashingtonriver

¥ protectionsolutions RPP-ENV-46679 Rev. 1

bhd NUCON International, Inc voraeg HERICEEE

- 7060 Huntiey Road - Colurbas, OH 49298 Eutiedlr: 11E3E
I _ Ph: §14-888-E710 - Fx: 6144310888 - www nuponntoom Auguet 2004
|
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BACKGROUND

Mercury is a historically important and vsefu! industrial materal. Mencury and mercury
compounds have been used for thousands of years 25 pigments in inks (cinnabar, red
suffide], as aivs 1o early metallurgy (gilding copper). and nstrumentation (thermometers,
barometers).

Mercury is the only metallic element that is lguid 3t room femperature. It s present
throwghout the earth.

Memury is toxic and human ingestion and expooure must be prevented. When present in
industrial process fluids, metcuny causes comusion and should be rermoved to prolong the life
of the equipment. '

fencury has low vapor pressure and low solubiity. Therefore, any mercury removal process
st be effective at very low comoenitrations. &dsomption is such a process. Unimpregnated
activated carbeon 5 a far adsorbent for mercury. But its capacity is signficantly ncreased by
impregnation with a materal that chernically reacts with, and holds, the mercury. The choice
of impregnant is dictated by the process condiions and the composition of the fluid. Sizing of
adsorption equipment is defermined bty the Foaw rate of the fuid stream and the desired
operational [fe of the adsorbent.

This bulletin describes NUCCHT products and processes for control of mercury and is
compounds.
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INTRODUCTION

Mercury s used in many industrial processes ant products induding:

As the cathode in the generation of chicrine by dectrolwsis of chionde salts,
Manufacture of batteres,

Catalysts,

Specialty chemicals,

Fungicides.

Electrenics manufacturers use mencury for switches and measuring instrurents.
Merzury is present in fuorescent lamips, high inmensity lamips and LCD compuier screens.

LLLLLLL

Memcury is hazardous. The Threshoid Limit Values-Time Weghted Average [TLV-TWA],
established by AIGCH, is 005 mg mercury per cubic meter air™ 'Fhelg?:tical concentration of
mescury found in urban air is D.0D0007 mig mescury per cubic rmeter ' (in remote and rura
areas i is approxmately 10% of that level|. These levels are considered harmmiess because
they are 10 million times less than the TLY. However. in some industrial environments,
concentrations as high as § mg per cubic meter of air hiave been measured. This lewelis 100

times the TLV.

W amy petroleum products contain mercury. A numiber of tests have been made 1o deterrnine
the concentration of mercury in natural gas supplies in vanous parts of the U.S. Locations in
South Texas have shown concentrations ramgng from D.002 mgim? to ower 4.5 mgirrr."!
Mercury is also present in condensates from other parts of the world sueh as Indonesiz and
North Africa

The exhaust gases from waste incineraiors and coal buming power plants contan merncury. It
is estimated that half of the global emissions of mercury come from fossil fue! combustion.
Although the total quantity emitted by wasie incinerators is less. the concenTations are much
higher.

Mercury-containing waste has contarninated soil and water. Matenals contaning mercury are
sometimes stored in lancfills that are not completely isclated from the surmounding
environment.

Mercury can amalgamate with metals used in process equipment. Ccausing Comosion and
fature. Therefore, natural gas processing and liguetaction plards use mercury adsorbents to
protect their “cold box™ heat exchangers. |t is a poison for some catalysts used n
hydrocarbon processing. Catalysts are protected in some ethylene plants, synthesis gas and
steam reformning units and for hydrogen and ammonia producton
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PHYSICAL PROPERTIES
General physica’ pn:iperﬁe& are sihicawrt in Table 1:

Table 1. F‘hysmal Froperties of Mercury

a#ubalxey n water [.0€4 g per Iltee"‘"
Saturation congcenration, 20° C 14 rnig per cubic meter air
Welting point -GegeC

Baoiling point 25687 C

Density 13.5 g per ml

Wolecular Weight 20059

The solubility of mercury in rydrocarbion figuids at room termiperature is shown in Tatde 2™

Table 2. Solublilty of Memwnr in Dllgamc: !.lqulds mgﬂller

He;:%arie | 2
Berizene 24
Iso Cetane K]
Isopropyd Ether 1.0

Typically, the solubiity of mercury in hydrocarbons is fen times greater than in water. Since
some peciogic formations comain both liquid mercuny and hwdrocarbons, the natural gas and
hiydrocarbon liquids recovered can hawve very figh rmiercury content.
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CONTROL METHODS

Most mercury control technigues usie adsorbents (plain or impregnated) in some forr. The
high surface area of the adsorbents atiracts the merncury and facitates physical adsorption or
chemical reaction. The most commion base material is actvated carbon. Impregnants are
chosen for suitability in a particular emvironment.

NUCOM Inﬁs«malzmnal inc. (NUCON} hiais dewedpped the MERTORB~ amﬂy of adsorberts for
almost every type of mercury remnowal agplication.

For processing natural gas, hydrocarbon liguids, and smal airstrearns, fixed beds of pelieted
MERSORB® adsorbents are used. Even though the adsorbents are optirnized for mastmurm
mass transier rates, the relatively slow reaction rate of the mercury vapor with the impregnant
requires a redatively long residence time. The amownt of adsorbent required to achiewe high
rermoval efficiency will penerally give a very long service Iife.

When mencury is present at very low concentrations in re-laﬁveé'y large pas strearns (such as
efluent gases from coal fired power plamts or waste incinerators ), powdered adsorbents can
be used. The powdered adsorbents can be njected mo the gas stream and, after an

appropriate residence time, fitered out in a dust collector. Tests have shown various degrees

of effectivensss.

GAS PHASE APPLICATIONS

Warious diffusion processes control the raie of mercury removal by mpregnated carbons.
Bulk diffusion to the surface of the pantide. pore diffusion, and reactant and reaction-product
diffusion in the deposited impregnan layer all affect performmance. NUCON base adsorbents
have been selected for their optimized pore struciure.

MERSCRB" adsorbents:
+ Are well suited for pretecting catalyst beds and alumnum heat exchanpers
s Femowve mercury from process-gas streams.
« Hawe high capacity and removal efficiency, and low-pressure drop.

MERSORB® is a registered trademark of NUCON Intemational, Inc.
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Long-Term Laboratory Tests

Mencury removal efficiency and adsomtion v:.apa":w testing. mﬁll‘lﬂ m@m&ve mercury, have
been performed in the NUCCON radigisoippe laboratory using

The test parameters were:

Gas Asr

Temperature: aec

Bed Diameter: 25 mien

Bed Dept*' 1EL muen
Farticle Size: < mirri pellets
inlet Concentraticn: 42 mg Hy.fm air
Pressure: 1OATH
Lmear“'elccrty 3 ﬁ fmin.

Tests were mnducmeo using sx bed .,e-grreﬂts: gach newg "'5 mm deep and 25 mm
diarneter.

The radioactve isoiope content of the samples of gas between the segments was analyzec
at periodic imernvals. The resiults of the: tests fur mercury removal fom air are showm in Figure

1.
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Figure 1 — Mercury Remowval Efficiency from Air
at Various Residence Times
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Sirnilar tests for mencury removal efficiency and capacity from natural gas have also been
performed. The test parameters were the same 25 in the ar fests. Results are shown n
Figure 2.

i0g
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Figure 2 — Mercury Removal Efficiency from Natural Gas
at varicous Residence Times

Forboth air and natural gas, when the gas strearm is saturated with mercury, a 10-second
residence time is remmended to achieve complete remowval of the mercury. At these high
concentrations, MERSORE” adsorberit removed 100% of the mercury for over one year. In
most commercial applications the mercury concentration & only a fraction of the saturation
level. and the ife of the MERSORE" adsorbent is typically seweral years.

An altemate approach can be used if removal efficiencies of less than 100% are acceptable.
A smaller bed will give adequate performance for a slightly shorter pericd of time. For
example, 2 5 second residence tme provided 240 days ife at efficiencies above 85% inthe
natural gas tests (Figure 2). Similarty, at low mercury concentrations, 100% removal can be
achieved at less than 10 seconds residence time.
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' | Adsorption Capacity

The theoretical equilibrium adsorption capacity of MERSCRE" pellets is 85 g Hp/100 g
MERSORB® adsorbent. Howewer, i i& impractoal o reach that level n commercia
applications. An extremedy long tirme wowid be required to obitain difusion of the mercery into
the adsorbent and for the chemical conwersion o fake place. In the region of the mass
transfer 2one, the amount adsorbed s always less than the maxemem. Dynamic adsorption
capacity data for the extended dynarmic adsompdion tesis are showm in Table 3.

Table 3. Dynamic Adsorptien Capacity of MERSORB® 3 mm Pellets

Hir WNatural Gas
Test Duration, days 407 365
Bed Segment No. - Armourt Adsorbed,
g Hg'100 g MERSORBY

1 23 1
2 1g 28
3 1 18
4 15 14
5 14 12
& 03 03

Whiile Bed Segment No. 8 adsorbed a small armount of mercury, there was no detectable
breakthrough from the bed at the end of the jest

e
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Particle Size Effects

The particle size of the MERSORE" adsorbent affects several operating parameters. Data
conceming the two most important critera. performance and pressure drop, has been

teveloped.
Performance

The dgnamx, performance of small particle size adsorbents s always hetserti%aﬁ for that of
Iarger sizes. Figure 3 shows the difference in performance between WMERSORE" 1.5mm and
3 mm peliets. These tesis were conducted using air saturaded with memmryai 30°C. The test
bed dimensions were 25 mm diameter by 28 mim long.

160 = = .
# gg et AL 1]
=;~ o afwe i e e —
g . —s—15mm | 4 - =
£ 50
£ gs
%‘f 5o J [BE8IdENCE Tims. 1 67 Baconds
2 Uinear valocity, € ftimin. |
- 75
&
70
7 14 21

Time, days

Figure 3 — Effect of Particle Size on Mercury Removal from Air

The difference is very noticeable at short residence times. The infial effciency for 1.5 mm
pellets at 1.67 seconds residence time is 100%, while for 3 mmi it is around 23%.

(=]
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Pressure Drop

The pressure drop through a packed bed increases as partick sice decreases. Pressurne drop
curves for MERZORE® peliets at atmiosphenc pressure are showm in Figure £

Figure 4 — Pressure Drop of Air Through Packed Beds
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Superficial Velocity, feetiminute

Natural gas processing is normally done at hu@ m&sum Floww resistance for a typical

operating pressure is shown in Figure 5.
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Figure 5 — Pressure Drop Through MERSORB® Pelleted Adsorbent
WUCQOMN ran laboratory tests on 4 mm MERSOREBR pellets using two different gas velocities
with the ted depth of 12 inches. The comparative results after 30 days of testing are shown
in Tabde £

Table 4. Effect of Velocity on Dynamic Adsorpfion

Removal Efficiency (%)

Residence Time, sec 3 fdmiim £ ftdmnin
187 42.8 fa4
3.33 e0.3 AT

5.00 8oy 100.0

Femoval efficency is generally perceived as a function of the residence time. However, at
higher superficial gas velocity, the removal efficency at a given residence time improves due
to favorable diffusion effects.

LR
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Temperature Effects

Operation of mercury removal systermns at high terrperaiures is somedimes necessary. There
are two major effects upon performance 3t elevated fermperatures. The suffur impregnant
camn:

« Vaporze n inert aimospheres, or
+ Cixidize in air atmospheres.

NUCOMN uses a unique manufaciuring method to rake the WERSORE" suffur-impregnated
adsorbents. The result is a product that retains the impregrant betier 21 high operating
temperatures than the adsorberis manufactuned by oihers. Thermograwrmelric analysis ofthe
NUCON and competitive product has substantated this fact

The results of thermogravmetric anafysis of samples of 2 e MERSORE™ mercury
adsorbent and a competitive 4x10 mesh size granular adsorbent are showr in Figune §. For
the competitive (granular| preduct, aimost haif of the impregnant was lost 3t temperatures
around the boiling point of water. On the other hand, the WIERSORE® shows no weight loss
uritd the termperature exceeds 200° C.

The differences are even more noticeable for tests conducted in air (Zee Figure 7). The
weight loss at temperatures abowe 275°C for the competitive preduct indicates that both the
sufffur impregnant and some of the carton is being widized. For the NUCON MERSORB®
material, only 3 small portion of the sulffur s lost at that lemperature.

A special grade, MERSCRE*HT. is available for high temperature applications [ greater than
100 °C). Through & unigue manufacturing process, the suffur & convered 1o a form that is
very stable. The weight loss of MERSCRE™ HT when subjected o a terniperature of 200°C s
typically 2%.
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Figure & — Weight Loss of Mercury Adsorbents in Inert Almosphere
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Figure 7 — Weight Loss of Mercury Adsorbents in Air
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All thermogravimerric tests were performed on carbon thal had been dred t© remove

moisiune.

Oither tests were conducted with 3 steam of methane flowing through a bed of
MERSCRB* 1.7 peliets at 150°C. After 24 hours., the impregnant ioss was only 0.5%.

The MERSORE" suffur impregnated adsorberits are quality control tested at 200°C fo
insure stability of the imipregnant.

The typical loss of irrpregrant content for MERSORE® HT i 2 %

LABORATORY TEST RESULTS

The results of laboratory tests performed on several simulated gas sreams have been
used as a basis for the design of mercury rermoval processes. They nclude offgas from
mixed waste incineration, a plasma enhanced meler, ventilation of a hot cell, and a
chemical munitions incineration process. Tabe § shows the results of these tests.

Table 5. Laboratory Experiments, Gas Phase Mercury Removal

Lppdication Mixad Waate |Mived Waats |Hot Cell vent laama-
incineration”  |incinerafion™|$HS Faclies™ [Enhanced
ineration
Gas Inert Off Gas |inert Off Gasi Ad Syngas
impurites NCp, HCL Nizogen
[Memcury Conc., mg'cy m 10 16 0055 0.55
Temperature, °C 160 107 28 3D
Residence Time, sec .o 063 0.7 20
Test Duration, hir 1000 100 & g
{Memury Bemoval EF., % ge.b ag boy 2H.E E0.00
14
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LIQUID PHASE APPLICATIONS

WUCON .slscr produces mercury remowal adsorbents for liguid phase applications. The
MERSCORE" L designation is used for products designed 1o rermiove mercury from the liguid
phaze. There ane two products used for liguid phase application:

. MER,.FC'RB LW for liquid phase, agueous solulicns

» MERZCRE" LH for liguid phase hydrocarbons

The impregnant used o rake LW grade is insoluble in water. The irmpregnant used to make
LH grade is insoiuble in cormmon hydrocarbons.

The sdancard LW and the LH grades are supplied as 1.5 and 0.9 mrn diameter pellets.
Cusitorn particle sizes are available.

Mercury Removal from Water

The MERSCRE™ LW grades chemically react with elernental mercury or wiater-soiuble
mercury salts wihin the pore structure of the adsorbent. Even though the sclubility of
elernental mercury in water 5 low (0,054 mpfliter), environmental authorities often specify
even lower levels. Soluble mercury salts can be present at rmuch higher conventratons in
waricus confaminated streams. .

The mercury adsorption capacity of WMERSORE" LW is concentration dependent. Typical
design conta times are in the range of 2040 minwes at ambient temperature. The

MERSORE" LW grades can be used at temperatures up to B0° C.

1§ lzrge armounts of dissolved mgamc material are alse present in the agueous streams, an
urimpregnated carbon (NUSORB" GCA0-1.5) should be used as aguard bed to increase the
life: anid efficiency of the MERSORE" LW for miercury remcval.

Adsorption Capacity

Figure & shows an iscthermn for aﬂseafmmn of ionic mercuny from water. Water (pH 7)
conaining S0 ppm mercury (as Hg™ from HgCl) was contacted with various amounits of
MERSCORE"™ LW-2 ground to -325 mesh. After 24 hours the carbon wias filtered cut and the
recidual mercury concentration in the filtrate was deterrnined by Atormic Absorption

Speciruscopy.
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Figure 8 — Adsorption of Mercury from Water by MERSORBES LW

Effect of Acidity
The pH of the water influgnices the adsorption capacty for mercury. MERSORE" LW was
ground 1o -328 mesh and 0.1 gwas mixed with 100 ml of reagent grade water containing 87.4
mg mercuryiter waler, The pH was adjusted with NaOH sciution. The residual mercury
concentration was measured after 24 howrs. Those results are shown in Table €

Table &. Effect of pH on Mercury Remowval

pH 32 7

5

10
Amount rermoved, % 44 Bl 25 ge

Less than hal® of the mercury was removed at pH 3.2 whie over 88% was remowed at pH 10.

The effect of other ions in the water on rmercury adsorption can be substantial. Contact your
MERSORB" applications engineer for advice in these cases.
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Oak Ridge National Laboratory Studies

I xed wasies containing miercury must be treated at a numiber of nuddear facities. As a part
of a program to obdain preliminary technical data, a team at Oak Ridge National Laboratory
performed lab studies using a soiution of mercury i in water swti'sesmad to duplicate some of
the actual wastes.™ They found that MERSORE® LW was effective in this application. By
varying solution conditions, they found that mercury uptake was slightiy slower at low pH and
that wrwemg cations reguced !m;e total amount of mercury removed. Whie the theoredical
capacity is .71 g;\g of MERSORE" LW, at the low concentraticns used for the tests, the
capacity was 0. 12 gig at neutral pH. The rate of mercury adsomption was found to follow first-
order kinetic behawior.

In angther study, MERSORE® LW was eu'aluated for its rmercury reenoval froen water sireams
which cordain dissoived mercury sais™ In these experiments, the weight Distribution
Coefficient (TV), that is. the adsorbed amount per kilogram of dry adsorbent divided by the
SATOLNg peT liter of salution, was determined at two rercury concenrations frorn 3 0.05 M
soglivm nirate :md a 0.05 M sodium chlonde solution. The mercury in the influent was
present as Hg' .

Table 7. Distribution Coefficient of Hg on MERSORB® LW

Hg" S-alt Cancemrztmn Trace ﬂ ﬂl‘.’l‘l mol Hg;lkgl
From 005 M MaND3 16.500 (kg 76,200 (1wg)
From 0.05 M NaCI 1,000,000 (I'kg) 176,000 (lkg)

Mercury Cell Chlorine Caustic Plant Waste

Wastewater discharpes from the HoltraChem chior-alkali plant in Maine exceeded the
newdy esiablished mercury concentraticn Iimits imposed by the EPA Y An extensive
process system was installed which included optimization of the suffide pre-treatment
siep, adjustrment of pH and the addition of 0.5 micron parnicle filters, followed by 2
polishing bed of MERSORB™ LW mercury adsorbent. The result was a reduction in the
effiluent concentration to below 50 ppTw. Process conditions for the MERSCORE® adsorber

were:
Flow: 100 gpm
Residence tme 45 minutes
Infet Mercury Concentration E ppb
Mencury Remowal Efficiency BE.64%
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Mercury Remaoval from Hydrocarbon Liquids

Tests have been performed in the NUCON laboratory using MERSOREY LH 10 remove
elemental mercury fom heptane. Equilibrium adsorption resulis are showm in Figure .

10 = r - § 1L

= — IH

§ i 7 initlal Conceniration, 1.4 mg HogKg Heplans h
2 5

% % . —{ MERSORS LH | 5 *

= = ] 1111 il ”

£ g |
i ;|

G.0001 0.0 E.01 0% i
Mercury Concentration, mg Hglkg Heptane

Figure 9 — Mercury Adsorption from Heptane, MERS ORBY LH
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Water from Air Scrubbers

For some small medical waste incinerators, the exhaust pas is passed through 3 water
scrubbier to rermove pariculates and water-soluble compounds. Any rmercury present in the
waste is contained in the scrubber water. During a four-month dernonstration project,
scrubber water conaining an average of 300 ppbw Hp was passed through a colurnn of
MERSORE" LW 1o remowe the mercury. 4n average effiuent level of less than 2 ppbw Hg
was maivained over this penod.

Mercury Cell Hydrogen

High purity hydrogen chioride (HCI) is manufactured by reacting hydrogen and chionne. &
facility using hydrogen from chlorinedcaustic mencury cells rmust remowe the mereury in the
hydrogen to meet specfications for the HCL Mercury concentrations up 1o 200 ppb were
reduced to less than 0.01 ppb in a single column of MERSORE" 3 mim diameter pellets. This
systemn has been in operation for over eight years with 100% mercury rermioval efficiency.

LNG Production Plant—Hg in Natural Gas

A westemn USA natwral gas processing plant produces LNG in order to reject nitrogen
from the gas. This plant has its mercury removal section upsiream of the CCO7 rernoval
section. The plant was using 3 competitive mercury adsorbent and suffered mercury
comosion downstream due to poor mercury removal efficiency. Sulfur comarnination n the
NGL was also observed, due to loss of sulfur from the mercury adsorbent caused by
water-giycol camyover. The plant installed MERSOREB® mercury adsorbent and suffur
cortamnation of their NGL was eliminated and the concentration mercury/cubic meter n
the treated gas is consistenty < 2 nanograms.

Mine Atmosphere
A gold mining plant in Nevada encountered concentrations well above the TLV in the

enciosed processing area. An air purification system containing MERSORE"™ 3 mm peliets
was installed. The mercury level has been reduced to below the TLY.
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Mercury Waste Recycler—Hg in Hot Retort Off-Gas

& recycier plant uses a retort 1o process its mercury-bearing wastes. Using a compettive
memcury aosorbent to filer the 250°F off-pas. they experienced xem bed fires. Afler
lab testing all available mercury adserbents. they switched 1o MERSORE" TErcLTy
adsorbent. There have been no further pmb&ema with bed fires and mercury emission

requirements are mef

Mercury Waste Recycler—Hg in Water

Treating retort condensate water for mercury removal using 3 comipeditor's product did not
achieve the desited performarice. &fter instaling MERZORE" LW mercury adsarbent, the

user reduced mercury levels in the treated water from as high as 1,000 ppbey Hy 1o fess

Fluorescent Lamp Recycling System OEM—Hg in &ir

An OEM ted several competiive mercury adsorbent products and decioed to use
MERSCRE" mercury adsorbent. Ower 20 systerns installed all meet mercury emissions
regulations. Even with 3 three-shift lamp recycling operation, the rmescury adsorbent lasts
severd years.

Fluorescent Lamp Plant—Hg in Air

The plant needed to corirol the mercury emissions from their lucrescent larnp cuning
ovens. An air collection sysierm was nstalled, including an adsorber conmining
MERSORE" LH mercury adsorbent. Mercury concenirations around the unit were reduced
from = 100 micrograms Hp/cubic meter to non-detectabie levels of < 1 micgrogram
Hg'cubic meter, even though the freated air temperature was ower 160 °F.

Mercury-Cell Chlor-Alkali Plant—Hg in Brine, Hg in Water

The plant needed to drastically reduce the mercury emissions in is spent brine. & 100
gpm secondary treatment system using MERSORE® LW mercury adsorbent was instalied.
The process reduced mercury levels in the brine from > 50 ppbw Hy to < 0.050 ppbw Hyg
(<50 ppTrillion Hg by weight).
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The following are general guidance for typical applications. Contact us to discuss MERSORE*
applications failored jo your specific operating condiions.

1. Do not use these products for acidic soiutions. Acids reacting with suffur compounds
can gerierate hydropen suffide (H.5 ), which is poisonous. Removal efficency for onic
rmercury decreases 3 a pH below 7. For elermental mercury, a pH as low as 4 can be
Lsed.

ra

When non-rrescury impurities must also be removed. it may be desirable o use
“puarg” adsorbent beds in service upstream of the MERSCORE” acsorbent beds to
remowe these impuriiies and increase the life of the mercury adsorption bed.

Mercury rermoved by the sulffur impregnated MERSORB® is converied by the
adsorbent to miercuric sulfide, a naturally occurring compound. Spent adsorbent
should be handed accordng o appropriate cisposal procedures and according o
applicable safety and transportation regulations.

)

4. For optirnurn rermowal efficiency. itis always preferable to operate a deep bed at high
velocty rather than shallow adsorbent bed at a low velocty.

5. It is imporant o have efective liquid knockout upsteam of gas phase mercury
adlsorption beds. Liquid hydmcarbons can dissolve the suffur impregriant. Any liquids
enfering or condensing in the acsorbent bed interfers with the mercury adsorpdion ate
and capacty. 11 i also common for natural gas sireams o be saturated with waler.
Since high relatwe hurmidity interferes with mencury adsorption, # is important to raise
the temperature of the gas enouph o reduce the relative humidity less than B0%. This
will also rminimize the possibilty of getting liguid water on the adsorbent beds. It & also
helpdul to heat trace the piping between the heater and the adsorber io prewent cooling
and congdensation.

fi. The MERSCORE" mertury adsorbents have been shown to be effective at relatively
high operading temperatures. Please contact your MERSORB® applications engineer
for specific product recommendations for your particular situation.
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TECHNICAL SUPPORT
NUCON technica! personnel can provide:
A Adsorption equilibrivm dada.
Dymamic adsorption data.
. Process design engineering of the mercury remowal process.
Sysiern fabrication and installation |

Cin-site technical sepvices.

om oo oo

Piot scale adsorbers for siip sream tests.

MERSORB* applications engineser can advise users conceming potendal recowery of
mercury from spent adsorbent beds.
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DEPARTMENT OF

ECOLOSY Notice of Construction Application

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 070-410a-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 with 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 ! For Fiscal Office Use Only: !
Cashiering Unit i 001-NSR-216-0299-000404 i
P_O. BOX 47611 L QI U U i !

Olympia, WA 98504-7611

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

Ecology Permitting Office Contact

Lynnette Haller
(509) 457-7126
lynnette.haller@ecy.wa.gov

] Chelan, Douglas, Kittitas, Klickitat, or Okanogan County
CRO Ecology Central Regional Office — Air Quality Program

Adams, Asotin, Columbia, Ferry, Franklin,
] _ Garfield, Grant, Lincoln, Pend Oreille, Stevens,
ERO Walla Walla or Whitman County
Ecology Eastern Regional Office — Air Quality Program

Greg Flibbert
(509) 329-3452
gregory.flibbert@ecy.wa.gov

David Adler
H San Juan County (425) 649-7082

NWRO Ecology Northwest Regional Office — Air Quality Program david.adler@ecy.wa.gov

For actions taken at

] Kraft and Sulfite Paper Mills and Aluminum Smelters Garin Schrieve
IND Ecology Industrial Section — Waste 2 Resources Program (369) 407-6916
Permit garin.schrieve(@ecy.wa.gov
ermit manager:
X For actions taken on the _ Philip Gent
NWP US Department of Energy Hanford Reservation (509) 372-7983
Ecology Nuclear Waste Program philip.gent@ecy.wa.gov
ECY 070-410 (Rev. 1/2013) Page 1 of 7

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.
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DEPARTMENT OF
ECOLOCY Notice of Construction Application
Check the box below for the fee that applies to your application.
New project or equipment:
] $1,500: Basic project initial fee covers up to 16 hours of review.
] $10,000: Complex project initial fee covers up to 106 hours of review.
Change to an existing permit or equipment:

$200: Administrative or simple change initial fee covers up to 3 hours of review
u Ecology may determine 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

$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.

X

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
X 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.

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

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

ECY 070-410 (Rev. 1/2013) Page 2 of 7
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

ECOLOSY Notice of Construction Application

Part 1: General Information

I. Project, Facility, and Company Information

1. Project Name

Revision 3 of Ecology Order DE1INWP-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 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 — if 3™ party hired to complete application elements)

10. Consultant Organization/Company

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

12. Consultant Phone Number 13.Consultant E-mail

14. Responsible Official Name and Title (who is responsible for project policy or decision-making)

Kevin W. Smith, Manager

16. Responsible Official Phone 17. 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.
fe L0 8/i2/
. (S~
[

ECY 070-410 (Rev. 1/2013) Page 3 of 7
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.
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ECOLoSY 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 — if 3" party hired to complete application elements)

10. Consultant Organization/Company

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

12. Consultant Phone Number 13.Consultant E-mail
2 s / I
Signature e Date E—LLL 7—;/ 201 S

Part 2: Technical Information

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.

X] Written narrative describing your proposed project.

X Projected construction start and completion dates.

[X] Operating schedule and production rates.

[X] List of all major process equipment with manufacturer and maximum rated capacity.
X Process flow diagram with all emission points identified.

Plan view site map.

[] Manufacturer specification sheets for major process equipment components.
X] Manufacturer specification sheets for pollution control equipment.
[X] Fuel specifications, including type, consumption (per hour & per year) and percent sulfur.

ECY 070-410 (Rev. 1/2013) Page 4 of 7
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.
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ECOLOCY Notice of Construction Application

IV. State Environmental Policy Act (SEPA) Compliance

Check the appropriate box below.

v SEPA review is complete:
Include a copy of the final SEPA checklist and SEPA determination (e.g., DNS, MDNS,
EIS) with your application.

[ ] SEPA review has not been conducted:

[] If review will be conducted by another agency, list the agency. You must
provide a copy of the final SEPA checklist and SEPA determination before
Ecology will issue your permit.

Agency Reviewing SEPA:

[ ] If the review will be conducted by Ecology, fill out a SEPA checklist and
submit it with your application. You can find a SEPA checklist online at
www.ecy.wa.gov/programs/sea/sepa/docs/echecklist.doc

ECY 070-410 (Rev. 1/2013) Page 5 of 7 .
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.
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ECOLOCY Notice of Construction Application

V. Emissions Estimations of Criteria Pollutants
Does your project generate criteria air pollutant emissions? [X] Yes [_] No

If yes, please provide the following information regarding your criteria emissions in your
application.

X The names of the criteria air pollutants emitted (i.e., NOx, SOz, CO, PM2s, PMxo; TSP, VOC, and
Pb)

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

L] 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? [X] Yes [ | No

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

The names of the toxic air pollutants emitted (specified in WAC 173-460-150")

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

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

VII. Emission Standard Compliance

[] 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? [X] Yes [ ] No

VIII. Best Available Control Technology

X Provide a complete evaluation of Best Available Control Technplogy (BACT) for your
proposal.

IX. Ambient Air Impacts Analyses
Please provide the following:

[X] Ambient air impacts analyses for Criteria Air Pollutants (including fugitive emissions)

! http://apps.leg.wa.gov/W AC/default.aspx?cite=173-460-150

ECY 070-410 (Rev. 1/2013)" Page 6 of 7
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.
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DX Ambient air impacts analyses for Toxic Air Pollutants (including fugitive emissions)

15-ECD-0040

X Discharge point data for each point included in air impacts analyses (include only if modeling is

required)
Exhaust height
X Exhaust inside dimensions (ex. diameter or length and width)
[X] Exhaust gas velocity or volumetric flow rate
[X] Exhaust gas exit temperature
X The volumetric flow rate

X Description of the discharges (i.e., vertically or horizontally) and whether there are any

obstructions (ex., raincap)
[X] Identification of the emission unit(s) discharging from the point
X The distance from the stack to the nearest property line
DX Emission unit building height, width, and length

[X] Height of tallest building on-site or in the vicinity and the nearest distance of that building to the

exhaust
DXl 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? [ ] Yes [X] No

ECY 070-410 (Rev. 1/2013) Page 7 of 7

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.



