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NOTICE FOR APPROVAL TO CONSTRUCT THE 
242-A EVAPORATOR/PUREX PLANT PROCESS 

EFFLUENT TREATMENT FACILITY 

EXECUTIVE SUMMARY 

DOE/RL-92-69 , Rev . 0 
12/04/92 

This is a notice for approval to construct the 242-A Evaporator/PUREX 
Plant .Process Effluent Treatment Facility (2025E ETF) to be located on the 
Hanford Site. The notice for approval to construct a new source of toxic air 
pollutants is being submitted to the Washington State Department of Ecology 
pursuant to Washington Administrative Code 173-460, "Controls for Toxic Air 
Pollutants." 

The Hanford Site covers approximately 560 square miles (1,450 square 
kilometers) situated in southeastern Washington, near Richland, Washington. 
In the early 1940 1 s, the U.S. government established research, development, 
and production facilities on the Hanford Site to provide concentrated 
plutonium for use in nuclear weapons. Today, however, only some of the 
facilities maintain the capability to process and purify existing plutonium 
inventories. 

The U.S. Department of Energy has changed the mission of the Hanford Site 
from defens~ production to environmental management . The U.S . Department of 
Energy policy regarding radioactive waste management states that disposal 
operations involving discharges of contaminated liquids directly to the 
environment or natural soil column shall be replaced by other techniques 
(DOE 1989a). The U.S. Congress directed the U.S. Department of Energy to 
provide a plan and schedule to discontinue disposal of contaminated liquids 
into the soil at the Hanford Site. The Plan and Schedule to Discontinue 
Disposal of Contaminated Liquids into the Soil Column at the Hanford Site 
(DOE 1987) identified 32 active liquid waste discharges released to soil 
column disposal units. The plan and schedule (DOE 1987) ranks the streams 
into either Phase I or Phase II streams. Phase I streams are identified by 
the following criteria. 

• The stream exhibits hazardous waste characteristics or receives 
Resource Conservation and Recovery Act of 1976-listed hazardous waste 
forms. 

• The stream has existing potential to receive Comprehensive 
Environmental Response Compensation and Liability Act-reportable 
quantities of chemical or radioactive substances. 

• The best currently available data indicate that the liquid effluent 
contains radioactive substances in excess of the design concentration 
guides; the design concentration guides are based on a 100-millirem 
effective dose equivalent. 
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If a specific stream met any of the criteria for Phase I , the stream was 
given a Phase I priority ranking. The remaining streams are considered lower 
priority and are scheduled for implementation during Phase II . Alternative 
treatment and disposal systems for Phase I streams are scheduled to be 
completed by June 1995. 

In 1989, the U.S. Department of Energy , Richland Field Office, the 
U.S. Environmental Protection Agency, and the Washington State Department of 
Ecology entered into an agreement entitled Hanford Federal Facility Agreement 
and Consent Order (Tri-Party Agreement) (Ecology et al . 1990). The Tri-Party 
Agreement formally commits the U.S. Department of Energy to a detailed 
schedule for completing waste management and environmental restoration 
activities. The projects to provide alternative treatment and disposal 
methods for the Phase I streams are incorporated in an attachment to the Tri
Party Agreement entitled Action Plan for Implementation of the Hanford Federal 
Facility Agreement and Consent Order (Ecology et al . 1990) . 

The Plan and Schedule (DOE 1987) designated the 242-A Evaporator process 
condensate and the Plutonium-Uranium Extraction Plant process distillate 
discharge and ammonia scrubber distillate streams as Phase I streams. The 
Action Plan ·(Ecology et al. 1990) identified the 242-A Evaporator/PUREX Plant 
Process Effluent Treatment Facility as the alternative treatment facility for 
the process condensate, process distillate discharge, and the ammonia scrubber 
distillate. The 242-A Evaporator/PUREX Plant Process Effluent Treatment 
Facility will complete milestone M-17-14 and M-17-14A, B, C, and D of the 
Tri-Party Agreement (Ecology et al. 1990). 

This notice for approval to construct was prepared following guidance in 
the Controls for New Sources of Toxic Air Pollutants, WAC 173-460, 
Implementation Resource Manual , and from a presentation by Mr . Alan Butler, 
Washington State Department of Ecology , entitled, Washington State Minimum 
Requirements for a Notice of Construction . The presentat i on was given at the 
Pacific Northwest International Section Air and Waste Management Association 
1991 Annual Conference held in Kalispell, Montana, December 4- 6, 1991. 

The notice for approval to construct contains the following. 
A description of the influent stream and the proposed facility is provided in 
Chapter 1.0. Chapter 2.0 discusses fac i lity design, method of operation, and 
sources of emissions. Chapter 3.0 presents the toxic air pollutant release 
rates from the water treatment process along with a comparison to acceptable 
source impact levels and small quantity emissions rates. Chapter 4.0 
discusses the best available control technology assessment for toxics. 
References used throughout the document are provided in Chapter 5.0. 
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1.0 DESCRIPTION OF THE PROPOSED SOURCE 

The following sections describe the proposed source. 

1. 1 APPLICANT 

The U.S. Department of Energy, Richland Field Office (DOE-RL) is the 
facility owner, and the mailing address is as follows: 

U.S. Department of Energy, 
Richland Field Office 
P.O. Box 550 
Richland, Washington 99352 

1.2 PURPOSE OF APPLICATION 

This notice for approval to construct_ a new facility, which will be a 
source of toxic air pollutants, is bein~ submitted to the Washington State 
Department of Ecology (Ecology) pursuant to Washington Administrative Code 
(WAC) 173-460, Controls for Toxic Air Pollutants. 

The 242-A Evaporator/PUREX Plant Process Effluent Treatment Facility 
(2025E ETF) will provide a new industrial waste water treatment facility with 
an integrated system designed to treat a combination of three waste streams by· 
removing organic, inorganic, and radioactive contaminants. The three waste 
streams are the 242-A Evaporator process condensate (PC) and the plutonium
uranium extraction (PUREX) Plant process distillate discharge (PDD), and 
ammonia scrubber distillate (ASD). 

1. 3 LOCATION 

The regional location of the Hanford Site is shown in Figure 1-1. The 
200 East Area is approximately 21.75 miles (35 kilometers) northwest of 
Richland, Washington (Figure 1-1) . The location of the 2025E ETF is shown in 
Figure 1-2 . 
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Figure 1-1. Location of the Hanford Site. 
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1 2.0 PROCESS DESCRIPTION 
2 
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4 The following sections describe process influent, the 2025E ETF, 
5 emissions sources, and emissions control technology. 
6 
7 
8 2.1 DESCRIPTION OF PROCESS INFLUENT 
9 

10 The 242-A Evaporator serves as the primary waste concentrator for a large 
11 volume of Hanford Site liquid waste forms that are stored in underground 
12 double-shell tanks (DSTs). The DSTs are located in the 200 East and 200 West 
13 Areas. 
14 
15 The waste stored in the DSTs is classified according to U.S. Department 
16 of Energy Order 5820.2A1 as a mixed waste because the waste contains both 
17 radioactive and dangerous waste constituents. The waste in a given tank might 
18 be a mixture of waste from several of the generating processes . The 
19 consistency of the waste ranges from liquid supernate to thick sludge. The 
20 sludge is formed primarily by precipitation of solids during storage. 
21 
22 Waste feed to the 242-A Evaporator has been generated by various Hanford 
23 Site operating units and laboratories. The waste was generated predominately 
24 during the production of nuclear materials for defense, the subsequent 
25 treatment of the resulting waste, and from research and development 
26 activities. Current waste generation is primarily from sources other than 
27 defense production activities. 
28 
29 The 242-A Evaporator processes waste in different batches or campaigns, 
30 based on the waste classification by ammonia concentration, total organic 
31 content, transuranic content, and effects on the evaporation process. The 
32 process condensate generated by each campaign from the 242-A Evaporator will 
33 be treated at the 2025E ETF. 
34 
35 The PUREX Plant is not in operation. When it was processing, the primary 
36 function of the PUREX Plant was to separate and recover usable actinides 
37 (chiefly plutonium and uranium) from an array of fission products contained in 
38 irradiated nuclear reactor fuel. The process i'nvolved dissolving irradiated 
39 nuclear reactor fuel and then extracting the actinides from the resulting 
40 aqueous solutions through application of liquid-liquid solvent extraction 
41 technology. 
42 
43 

44 · 1Mixed waste - Waste containing both radioactive and hazardous components 
45 as defined by the Atomic Energy Act of 1954 and the Resource Conservation and 
46 Recovery Act of 1976, respectively. 

2-1 
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1 However, ongoing waste treatment activities o~ the Hanford Site could 
2 require that the PUREX Plant be restarted in the future. Because of existing 
3 plans for modification of operating procedures, future PUREX Plant PDD is not 
4 expected to contain listed waste forms. Past practices preclude future 
5 discharge of PUREX PDD into the soil column disposal site used previously. 
6 
7 
8 2.2 DESCRIPTION OF THE 242-A EVAPORATOR/PUREX PLANT PROCESS 
9 EFFLUENT TREATMENT FACILITY 

10 
11 The approximate size of the 2025E ETF will be 44,000 square feet 
12 (13,411.2 square meters). The average height will be approximately 38 feet 
13 with the maximum height reaching 46 feet (14.02 meters). 
14 
15 The 2025E ETF will treat and dispose of the PC, PDD, and the ASD. 
16 A process flow diagram for the 2025E ETF is shown in Figure 2~1. This flow 
17 diagram may be revised after treatability studies on simulated and actual 
18 waste have been performed. 
19 
20 
21 2.2.1 Proposed Design of the Facility 
22 
23 The facility includes an engineered steel building that will house 
24 condensate treatment equipment. Other systems required to support process 
25 equipment and building operations also will be provided. Support systems 
26 include the following: 
27 
28 • A vessel vent ·system 
29 • Process piping and tanks 
30 • An integrated monitoring and control system 
31 • Utility supply 
32 • A chemical makeup and distribution system 
33 • A radiation detection and alarm system 
34 • A sampling system 
35 • Secondary waste packaging 
36 • A fire protection system 
37 • A building grounding system 
38 • A building heating, ventilation, and air conditioning system 
39 • A communication system 
40 • An emergency warning system. 
41 
42 Detailed design information is provided in Desjgn Construction 
43 Specification Project C-OlBH 242-A Evaporator/PUREX Plant Condensate Treatment 
44 Facility (WHC 1991a). 
45 
46 
47 2.2.2 Operating Design Capacity 
48 
49 The 2025E ETF will treat the 242-A Evaporator PC, the PUREX Plant PDD, 
50 and the PUREX Plant ASD. A process flow diagram for the facility is shown in 
51 Figure 2-1. This flow diagram may be revised after treatabil i ty studies on 
52 simulated and actual waste have been performed. 
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1 The process will consist of a single treatment train designed to handle a 
2 maximum flow rate of 150 gallons per minute (567.81 liters per minute) 
3 [recycle will cause internal flow rates to reach 174 gallons per minute 
4 (658.66 liters per minute)]. The treatment train will provide for feed 
5 storage, suspended solids removal (rough, to 2 µm) , ultraviolet/oxidation with 
6 hydrogen peroxide, pH adjustment, suspended solids removal (fine, to 0.5 µm), 
7 degasification (carbon dioxide removal), two stages of reverse osmosis (RO), 
8 mixed-bed ion-exchange polishing, final pH adjustment, effluent storage for 
9 verification, concentration of RO reject and resin regenerating solutions, 

10 filter backwash, and evaporation of product solids to dryness. These 
11 individual components of the treatment facility are discussed. i n more detail 
12 in the following subsections. 
13 
14 
15 2.2.3 Method of Operation 
16 
17 The following prov ides an overview of the proposed method of operation of 
18 the 2025E ETF. A more detailed discussion can be found in Project C-OlBH 
19 Waste Water Engineering Alternatives Report (WHC 1991b). 
20 
21 A 100,000-gallon (26,417.29-liter) tank of carbon steel will be provided 
22 upstream of the treatment system. This tank will provide feed surge capacity 
23 during the processing of the wastewater. The pH will be adjusted to between 4 
24 and 6 in the tank. 
25 
26 A filter will be used to remove suspended solids with diameters greater 
27 than 2 µm from the wastewater before it travels to the ultraviolet oxidation 
28 unit. The filter will be capable of producing a filtrate with a turbidity not 
29 exceeding 20 nephelometric turbidity units . 1 Filtration will prevent the 
30 quartz tubes in the ultraviolet oxidizer from fouling. The quartz tubes.will 
31 contain the ultraviolet lamps. The filter will be backwashed when necessary, 
32 which will result in the process going into a standby condition for up to 
33 30 minutes. The filter wash water will be routed to the secondary waste 
34 treatment train. · 
35 
36 The ultraviolet oxidation unit will destroy organic contaminants in the 
37 wastewater using hydrogen peroxide. In the process, ultraviolet light reacts 
38 with hydrogen peroxide to form highly reactive hydroxyl radicals. The 
39 hydroxyl radicals in turn react with organic molecules in the waste water. If 
40 the reaction is carried out to completion, the end products are carbon dioxide 
41 and water, plus ions such as chloride (if chlorine is included in the 
42 structure of the organic molecule). Virtually all organic compounds can be 
43 destroyed by ultraviolet oxidation. However, the reaction rates will vary 

44 1This method is based on a comparison of the intensity of light scattered 
45 by the sample under defined conditions with the intensity of light scattered 
46 by a standard reference suspension under the same conditions. The higher the 
47 intensity of scattered light, the higher the turbidity. Formazin polymer is 
48 used as the reference turbidity standard suspension. The turbidity of a 
49 specified concentration of formazin suspension is defined as 40 nephelometric 
50 units (American Public Health Association et al. 1985). 
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1 substantially depending on the type of compound, concentration of oxidant, 
2 temperature, ultraviolet dose, pH, degree of mixing, and concentration of 
3 interfering substances (if present). The system will include a reaction 
4 chamber with ultraviolet lamps, feed pump and tank with mixer, transformer for 
5 ultraviolet power supply, chemical addition tanks, and a hydrogen peroxide 
6 storage tank. With the ultraviolet oxidation unit in place duiing the water 
7 treatment phase, a substantial amount of volatile organic compounds (VOCs) 
8 will be destroyed, which would have been emitted to the air stream. 
9 

10 Because the pH may change after ultraviolet oxidation, the pH of the 
11 waste stream will be readjusted to between 4 and 6 by the addition of sulfuric 
12 acid. The sulfuric acid will be added using an inline neutralizer. Lowering 
13 the pH this far will convert ammonia to the ammonium ion and convert carbonate 
14 and bicarbonate to carbon dioxide. Residual hydrogen peroxide will be 
15 destroyed catalytically over a packed bed decomposer. 
16 
17 A second set of filters will be included after pH adjustment to remove 
18 any precipitated fine solids that may be produced by oxidation of the feed 
19 stream. Suspended solids in the feed stream to the RO unit must be limited to 
20 prevent plugging· of the RO membranes. The filter will be backwashed when 
,1 ~- necessary, and the wash water will be routed to the secondary waste treatment 

f ' • Z-2 ~ train. Backwashing of these filters also will result in the process going !. 23 into standby for up to 30 minutes. 
24 
25 Carbon dioxide formed in the pH adjustment step will be removed by a 
26 degasifier . The degasification unit consists of a packed column. The liquid 
z:J waste stream from the fine filter will be introduced at the top and flow down 
28 ~ through the column. The carbon dioxide released will be vented to the 
2:9 ~ emission control system through ducts connected to the top of the column. 
~-
31 An RO system will be used after degasification to remove dissolved 
32 solids, including ammonia ions from the waste stream. The RO separation of 
33 dissolved solids from water molecules in aqueous solution is accomplished 
34 continuously by pumping pressurized feedwater across semipermeable membranes 
35 made of a polyamide with a polysulfonic backing. These membranes have the 
36 special property of allowing water molecules to pass through while holding 
37 back most other types of molecules and ions. Thus, the feed stream is split 
38 into two fractions: a relatively pure portion called the permeate, and a 
39 concentrate stream containing primarily contaminants called the retentate or 
40 reject. Two RO stages will be required to achieve a minimum 99 percent 
41 removal of contaminants. The reject stream from both stages will be routed 
42 back to the first RO feed tank. The reject stream flow rate from the second 
43 RO unit will not exceed 10 percent of the feed stream flow rate. 
44 
45 Ion-exchange units with mixed resin will be used as a final polishing 
46 step on the waste water stream. The ion-exchange system will be designed to 
47 attain a high degree of demineralization. Two mixed-bed ion-exchange units 
48 will be operated in series with a third unit in standby after regeneration. 
49 The mixed ion-exchange resin beds will contain cation exchange resins that 
50 function in the hydrogen ion form and anion exchange resins that function in 
51 the hydroxyl ion form. Cation resin and anion resin beads in the mixed bed 
52 generally are separated hydraulically after exhaustion in preparation for 
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1 regeneration with acid and base, respectively . The exhausted cation exchange 
2 resin beads, containing cationic contaminants removed from the feed stream, 
3 will be regenerated with a strong acid, such as sulfuric acid . The anion 
4 resin beads will be regenerated with a strong base (sodium hydroxide). The 
5 spent regenerants and water rinses, containing the contaminants removed from 
6 the resin bed, will be routed to the secondary waste treatment train for 
7 volume reduction and ~ackaging. 
8 
9 A neutralizer will be provided following the ion-exchange system. The 

10 inline neutralizer will be used for final adjustment of the effluent pH to a 
11 range of approximately 6.5 to 8.5. 
12 
13 Three 670,000-gallon epoxy-coated carbon steel tanks will receive treated 
14 effluent to provide holdup capacity for treatment verification before 
15 discharge. The treated effluent will be released if the monitoring and 
16 sampling data demonstrate that the effluent is below discharge criteria. If 
17 the effluent does not meet discharge criteria, it will be recycled to the 
18 surge tank. 
19 
20 The filter backwash, the reject stream from the RO units, and the spent 
21 regenerate solutions from the ion-exchange units will be evaporated in an 
22 evaporator to reduce the volume. The concentrator will be sized to evaporate 
23 10,000 pounds per hour (4,536 kilograms per hour) or approximately 20 gallons 
24 per minute (75.71 liters per minute). The RO rejects will contribute the 
25 majority of the evaporation load. Ion-exchange regenerant solutions and 
26 filter backwashes are expected to contribute on the average less than 
27 1 percent to the volume of evaporated liquid in this unit operation. The 
28 evaporated liquid will be condensed and recycled to the surge tank. The 
29 evaporator bottoms will be routed to a thin film dryer for further evaporation 
30 to produce a solid dry powder. 
31 
32 The thin film dryer will be a jacketed cylinder heated by steam. 
33 A dedicated boiler will serve the thin film dryer . . Steam that has been 
34 depleted of its heat content will be recycled to the boiler. Concentrated 
35 waste will enter the thin film dryer and will be distributed by a feed 
36 distribution ring. The water fraction of the feed will be evaporated and 
37 travel up the space between the rotor core and the heating wall. Powdered 
38 solids will be scraped of the heating walls and discharged through the bottom 
39 cone of the thin film dryer into the powder hopper . The powdered waste exits 
40 the powder hopper through a rotary valve and fills a drum below. 
41 
42 Entrained mist and powder from the thin film dryer overheads are 
43 separated from the vapor in a demister. The entrained portion is returned to 
44 the dryer while the vapor flows into the shell side of the distillate 
45 condenser. In the distillate condenser, water vapor is condensed, then flows 
46 by gravity into the distillate condenser tank. From the distillate condenser 
47 tank, the water is pumped to the surge tank. 
48 
49 
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3 Toxic air pollutants may be released from the following 20 different 
4 points in the water treatment system : 
5 
6 • Surge tank 
7 • pH adjustment tank 
8 • Degasing column 
9 • First RO feed tank 

10 • Second RO feed tank 
11 • Effluent pH adjustment tank 
12 • Verification tanks (three) 
13 • Secondary waste receiving tanks (two) 
14 • Evaporator vent gas cooler 
15 • Concentrate tanks (for dryer, two) 
16 • Sump tank (two) 
17 • Powder hopper 
18 • Drum cover operation 
19 • Distillate condenser for dryer 
20 • Resin Dewatering System 
2f;: • Soil column cribs . 
22.:-
2:f .With the exception the soil column cribs, all of these process components 
24 will contain vents which tie into the ventilation offgas (VOG) . The soil 
25 column cribs will vent to the atmosphere . A diagram describing the VOG syst em , 
26 is shown in Figure 2-2 . 
27-
2S-.. Toxic air pollutants will be in the form of aerosols and particulates . 
29: The air space in each tank is assumed to be saturated with airborne 
30- contaminants. Aerosol releases are assumed to occur in process components 
31- agitated either through stirrers or eductors except for the second RO feed 
32 tank , the chemical storage tanks, and the verification tanks. These 
33 components include the pH adjustment tanks, the degasing column, the 
34 evaporator, and the powder hopper . Vapor emissions are assumed to occur in 
35 all components . · 
36 
37 
38 2.4 EMISSIONS CONTROL TECHNOLOGY: VESSEL OFFGAS SYSTEM 
39 
40 Emissions from the 2025E ETF wi l l be controlled through the use of high-
41 efficiency particulate air (HEPA) filters. HEPA filters commonly are used for 
42 the removal of submicron particles in the nuclear industry. HEPA filters are 
43 disposable, extended-medium, dry filters with a rigid casing enclosing the 
44 full depth of the pleats . The HEPA filters have a particle removal efficiency 
45 range of 99.95 percent to 99.99 -percent for 0.3 micron thermally generated, 
46 monodispersed dioctylphthalate particles, and a maximum pressure drop of 
47, 1 inch water column when clean and operated at rated airflow capacity. The 
48 core of a HEPA filter generally is made by pleating a continuous web of 
49 fiberglass paper back and forth over corrugated separators that add strength 
50 to the core and provide air passages between the pleats. The core is then 
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1 sealed in a wood or metal casing (frame). The filter paper itself is composed 
2 of very fine (submicron) glass fibers in a matrix of larger (1 to 4 micron) 

·3 fibers and is held together with an organic binder . 
4 
5 The primary mechanisms for particle collection by HEPA filtration are 
6 diffusion and inertial impaction. The effectiveness of these mechanisms 
7 varies with particle size, airflow velocity through the medium, and particle 
8 density. At a constant air velocity, the diffusion mechanism predominates as 
9 particle size decreases; inertial impaction accounts for collection of larger 

10 particles. For a given particle size, the effectiveness of -diffusion 
11 decreases and inertial collection increases as flow velocity increases. For a 
12 given particle size and velocity, an increase in particle density decreases 
13 the effectiveness of diffusion and increases the effectiveness of the inertial 
14 effect (Allen et al. 1989). 
15 
16 One HEPA filter plenum will be employed in the VOG where the flow rate is 
17 32.4 scfm. This plenum will be backed up with two active HE-PA filter plenums, 
18 plus a third HEPA filter plenum in standby, employed in parallel in the offgas 
19 system downstream from both the VOG and the heating, ventilation, and air 
20 conditioning streams. A removal efficiency of 99.95 percent will be achieved 
21 through the first plenum. The second bank of plenums in parallel will achieve 
22 an additional 99.9 percent removal. This results in a total removal of 
23 99.99995 percent. Each bank of HEPA filters has an average pressure drop of 
24 2 inches water column. 

2-9 
930126 . 1508 



1 
2 
3 
4 
5 

930126.1508 

This page intentionally left blank. 

2-10 

D0E/RL-92-69, Rev. 0 
12/04/92 



1 
2 

· 3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

DOE/RL-92-69, Rev. 0 
12/04/92 

CONTENTS 

3.0 TOXIC AIR POLLUTANT RELEASE RATES FROM THE 
WATER TREATMENT PROCESS .................... . . 3-1 

LIST OF TABLES 

3-1. Comparison of 242-A Evaporator/PUREX Plant Process Effluent 
Treatment Facility Annual Inventory to the Small Quantity 
Emi ss i ans Rates . . . . . . . . . . . . . . . . . . . . . . 

3-2. Comparison of 242-A Evaporator/PUREX Plant Process Effluent 
Treatment Facility Annual Emissions to the Small Quantity 
Emissions Rates for Volatile Organic Compounds ...... . 

3-i 

3-3 

3-5 

930126.1508 



1 
2 
3 
4 
5 

930126.1508 

This page intentionally left blank. 

3-ii 

DOE/RL-92-69, Rev. 0 
12/04/92 



DOE/RL-92-69 , Rev . 0 
12/04/92 

1 3.0 TOXIC AIR POLLUTANT RELEASE RATES FROM THE WATER TREATMENT PROCESS 
2 
3 
4 A number of toxic air pollutants (TAPs) have been detected in the PC, 
5 PDD, and ASD effluent streams to the 2025E ETF . This information is presented 
6 in the stream specific reports for the PC, PDD, and the ASD (WHC 1990a , 
7 WHC 1990b, WHC 1990c). 
8 
9 The emissions calculations were derived from three desig~ bases, 

10 designated as DBl, DB2, and DB3 in the detailed emissions calculations in 
11 Appendix B. The premise for Design Basis 1 was an influent stream consisting 
12 of 75 gallons per minute (284 liters per minute) of the POD and 75 gallons per 
13 minute (284 liters per minute) of the PC (H2-88971) 1

• Design Basis 2 was 
14 based on an influent stream consisting of 75 gallons per minute (284 liters 
15 per minute) of the ASD and 75 gallons per minute (284 liters per minute) of 
16 the PC (H2-88972) 1

~ The influent concentrations for Design Basis· 3 originated 
17 from an influent stream consisting of only the PC of 150 gallons per minute 
18 (568 liters per minute) (H2-88973) 1

• Any addition of an effluent stream to 
19 the design bases was considered to dilute the stream and decrease the 
20 individual constituent concentrations. The gaseous material/activity balances 
21 of each of the design bases are provided in Appendix C. 
22 
23 The maximum constituent concentrations were used to compare aga i nst the 
24 small quantity emissions rates (SQEs) , as shown in Table 3- 1. The constituent 
25 concentrations were based upon the upper 90 percent confidence limit levels . 
26 If the fac i lity annual inventory does not exceed the SQE , the annual emi ssions 
27 from the facility cannot exceed the SQE . 
28 
29 The comparison of the maximum constituent concentrations and the SQEs 
30 showed that only six components exceeded the SQEs for the facil i ty annual 
31 inventory . Further analysis of the expected emissions must be performed on 
32 the six components that exceeded the SQEs . 
33 
34 The annual emissions were calculated for each of the constituents that 
35 exceeded the SQEs (Table 3-1). The detailed calculations of the annual 
36 emissions are shown in Appendix A. The concentration of each of the 
37 constituents was determined in parts per billion except ammonia. Ammonia was 
38 converted to a mass per year , wh i ch then was compared to the SQE rates . This 
39 is shown in Table 3-2 . 
40 

41 1The first row shown on the drawi ngs H2-88971 , H2-88972, and H2-88973 
42 entitled "Stream No . " refers to the stream numbers as identified on H2-88970, 
43 Process Flow Diagram. Drawings H2-88970 , H2-88971, H2-88972, and H2-88973 are 
44 included as Appendix E. 
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1 As shown in Table 3-2, only chromium does not meet the SQE . 1 Therefore , 
2 modeling is only required for chromium . However, because the maximum 
3 concentration at the stack (6 .6 x 10- 14µg/m3

, Appendix A) is less than the 
4 Acceptable Source Impact Level (ASIL) (8.3 x 10-5µg/m3

), the ASIL cannot be 
5 violated at the site boundary; therefore, further modeling is not required . 
6 
7 All emissions from the 2025E ETF will comply with the ambient impact 
8 requirements of WAC 173-460 . 

9 1The annual ~mission rate for chromium is below the annual average 
10 Acceptable Source Impact Level established by Ecology. No small quantity 
11 emissions rate is given for chromium. It is presumed that any increase 

·12 exceeds the small quantity emissions rate for chromium. 
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1 Table 3-1. Comparison of 242-A Evaporator/PUREX Plant Process Effluent Treatment facility Annual 
2 Inventory to the Small Quantity Emissions Rates. (sheet 1 of 2) 

3 

4 

5 

6 

7 

8 

9 

12 

13 

14 

15 

16 · 

17 

18 

19 

20 

21 

Constituent 

INORGANICS 

Ammonia 

Barium 

Boron 

Ca lei um 

Chromium 

Copper 

Cyanide 

Fluoride . 
Manganese 

Mercury 

Nickel 

Uranium 

Vanadium 

ORGANICS 

Acetone 

2-Butanone 

1-Butanol 

Calculated 
concentration 

(ppb) 

454,500 

7.2 

97 

2,800 

66 

67 

22 .15 

1,090.5 

0 

0.85 

15 

0.375 

6.7 

1,000 

53 

30,000 

ASIL Cl ~ss A ASIL Cl ~ss B Annual facility 
inventory (µG/m ) (µG/m ) (lb/yr) 

59 .9 298,606.5 

1. 7 4.7304 

3.3 63. 729 

6.7 1,839.6 

0.000083 43.362 

3.3 44.019 

16 . 7 14.55255 

8.3 716. 4585 

16.7 0 

16.7 0.55845 

0.2 9.855 

3.3 0. 246375 

0.7 4. 4019 

0.2 657 

5,927 .4 34.821 

1, 964 .7 19,710 

Small quantity 
emissions rates 

(lb/yr) 

5,250 

175 

175 

175 

175 

1,750 

175 

1,750 

175 

500 

175 

175 

43,748 

43,748 

43 , 748 

0 
0 
l'Tl -;o 
r 
I 

'° N 
I 

O'I 

'° 
N 
-.._;o 
0 Cl) 
~< -· '° NO 



1 Table 3-1. Comparison of 242-A Evaporator/PUREX Plant Process Effluent Treatment Facility Annual 
2 Inventory to the Small Quantity Emissions Rates. (sheet 2 of 2) 

3 

4 

5 

6 

7 

8 

9 

10 

11~ 
~ 

12 

13 

14 

15 

16 

17 

18 
19 · 
20 
21 

Calculated ASIL Class A Constituent concentration (µG/m3
) (ppb) 

Butoxyethanol 0 

2-Butoxyethanol 400 

Chloroform 14 0.043 

Dibutyl Phosphate 12,000 

Ethyl Alcohol 0 

Methylene Chloride 140 2 

Methyl-n-propyl Ketone 9.7 

Methyl-n-butyl Ketone 14 

MIBK 14 

Phenol 33 

2-Propanol 24 

Pyridine 550 

Tetrahydrofuran 68.65 

Tributyl Phosphate 55,550 

ASIL = acceptable source impact level. 
ppb = parts per billion. 

lb/yr= pounds per year. 

.-,.-_.: 

ASIL Cl ~ss B Annua 1 f ac i1 ity 
inventory (µG/m ) (lb/yr) 

499.5 0 

399.6 262.8 

9.198 

16.7 7,884 

6,327 0 

91.98 

2,331 6.3729 

66.6 9. 198 

682.7 9.198 

63.3 21. 681 

1,665 15.768 

50 361. 35 

1,964.7 45.10305 

. 8.3 36,495.35 

Small quantity 
emissions rates 

(1 b/yr) 

43,748 

43,748 

10 

1,750 

43,748 

500 

43,748 

10,500 

43,748 

10,500 

43,748 

5,250 

43,748 

175 c:, 
0 
f'T1 

----;;o 
r 
I 

\0 
N 
I 

m 
\0 

N 

----- ;;o 0(1) 
~< 
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Table 3-2 . Comparison of 242-A Evaporator/PUREX Plant Process Effluent Treatment Facility Annual 
Emissions to the Small Quantity Emissions Rates for Volatile Organic Compounds. 

Calculated ASIL Cl \SS A Constituent concentration 
(ppb) (µG/m ) 

INORGANICS 

Calcium 2.8 E-06 

Chromium 6.6 E-08 0.000083 

Fluoride l.3 . E-06 

Ammonia 

ORGANICS -

Tributyl Phosphate 2.2 E-05 

Dibutyl Phosphate 0.01 

ASIL = acceptable source impact level. 
ppb = parts per billion. 

lb/yr= pounds per year . 

ASIL Cl \SS B Annual Smal l quantity 
emissions emissions rates (µG/m ) (lb/yr) (lb/yr) 

6.7 2.5 E-06 175 

5.9 E-08 ---
8.3 9.8 E-07 175 

59.9 2.41 5,250 

·-

8.3 2.0 175 -

16.7 0.86 1,750 

N 

CJ 
0 
r'1 

----::::0 

' I 
I.O 
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1 4.0 BEST AVAILABLE CONTROL TECHNOLOGY FOR TOXICS 
2 
3 
4 A Best Available Control Technology for Toxics (T-BACT) assessment has 
5 been completed for the 202SE ETF . The T-BACT assessment is included as 
6 Appendix D. 
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1 INFLUENT CHARACTERIZATION DATA. (sheet 1 of 4) 

2 PUREX Plant PDD PUREX Plant ASD 242-A Evaporator PC 

3 Units 

4 Flow gal/min 70 60 76 

5 TOC ppb 130,000 4,820 

6 TOX ppb 57.7 

7 TDS ppb 

8 Aluninun ppb 1,330 

9 Anmonia ppb 58. 1 9.09 E+05 

10 Anmoniun ppb 511,344 

11 Bariun ppb 7.2 

12~ Boron ppb 22.4 97 
-0 

13)> Calciun ppb 50.5 8.68 E+01 2,800 
I 

14 ...... Carbon ppb 104,347 

15 Chloride ppb 2,290 1,200 

16 Chromiun ppb 11.7 66 

17 Copper ppb 67 

18 Cyanide ppb 44 .3 

19 Fluoride ppb 1,210 971 CJ 
0 ,.,, 

20 Iron ppb 131 -;;CJ 
r 

21 Magnesiun ppb N/A 153 
I 

'° N 

22 I 
Manganese ppb 0) 

'° ...... ~ 
N 

23 Mercury ppb 1.39 0.31 - ;;CJ 0 11) 

~< -· '° NO 



INFLUENT CHARACTERIZATION DATA. (sheet 2 of 4) 

PUREX Plant PDD PUREX Plant ASD 242-A Evaporator PC 

Units 

Flow gal/min 70 60 16 

1 Phosphorous . ppb 1,336 

2 Nickel ppb 10.7 15 

3 Nitrate ppb 119,000 632 2,292 

4 Potassium ppb 994 6,495 

5 Silicon ppb 243 24,252 

6 Sodium ppb 20,200 456 4,469 

7 Sul fate ppb 2,800 

8~ Sulfite ppb 66,000 

" 9l> Uranium ppb 0.76 
I 

10~ Vanadium ppb 6.7 

11 Zinc ppb 64.5 

12 Acetone ppb 83.7 1,000 

13 Benzyl Alcohol ppb 14 

14 Benzaldehyde ppb 

15 
C, 

2-Butanone ppb 52.3 53 0 
rr1 

----16 1-Butanol ppb 33.2 N/A 11,000 ~ 
r 

17 I 
Butoxyethanol ppb U) 

~ 
18 

I 
2-Butoxyenthanol ppb 400 O'I 

U) -~ 19 Butoxyglycol ppb 290 ~ -~ 0 CO 

20 Butoxydiglycol ppb 44 ~< -..._. 
U) 
l'lO 



INFLUENT CHARACTERIZATION DATA. (s.heet 3 of 4) 

PUREX Plant PDD PUREX Plant ASD 242-A Evaporator PC 

Units 

Flow gal/min 70 60 76 

1 Butoxytriethyleneglycol ppb 

2 Butraldehyde ppb 62 

3 Butylated hydroxy toluene ppb N/A 

4 Caproic acid ppb 

5 Chloroform ppb 14 

6 Di butyl phosphate ppb 24,000 

7 3,5 Dimethylpyridine ppb 23 
)> 

8~ Dimethylnitrosamine ppb 

gf 
w Dodecane ppb 16,200 52 

10 Ethoxytriethyleneglycol ppb 120 

11 Ethyl alcohol ppb 

12 Hexadecane ppb 

13 Heptadecane ppb 

14 Methoxydiglycol ppb 52 
CJ 

15 Methoxytriglycol ppb 
0 

370 rn -;;o 

16 Methylene Chloride ppb 140 ' I 
'° 17 Methyl n-propyl ketone ppb 9.7 N 
I 

Q) 

18 Methyl n-butyl ketone ppb '° 14 ...... ~ 
N 

19 MIBK (Hexone) ppb - ;;o 14 0 CD 
~< -· '° NO 



1 

2 

3 

4 

5 

6 

7 
l> 

8~ 
gf° 
~ 

10 

11 

12 

13 

14 

19 

II 
25 

INFLUENT CHARACTERIZATION DATA. (sheet 4 of 4) 

Units 

Flow gal/min 

2-Methylnonane ppb 

Pentadecane ppb 

Phenol ppb 

2-Propanol ppb 

Pyridine ppb 

Tetradecane ppb 

Tetrahydrofuran ppb 

Tributyl phosphate ppb 

1,1,1-Tri-chloroethane ppb 

Tridecane ppb 

Triglyme ppb 

Undecane ppb 

Unknown Aliphatic HC ppb 

Unknown ester ppb 

Unknown ester ppb 

Unknown hydrocarbon ppb 

ASD = anmonia scrubber distillate. 
HC = hydrocarbon. 

POD= process distillate discharge. 
ppb = parts per billion. 
TDS = total dissolved solids. 
TOC = total organic carbon. 
TOX = total organic halogen. 

PUREX Plant POD 

70 

35,500 

98.3 

107,000 

55,300 

N/A 

9,900 

1.170 

42.7 

63,200 

PUREX Plant ASD 

60 

242-A Evaporator PC 

76 

17 

83 

39 

4,100 

77 

0 
0 
fT1 

---:::0 
r 
I 

IO 
N 
I 

O'I 
IO 

N 

---- :::0 0 Cl) 
~< 
---- . IO 
NO 
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1 DETAILED EMISSIONS CALCULATIONS 
2 
3 

DOE/RL-92-69 , Rev . 0 
12/04/92 

4 This Appendix outlines the air emissions calculations for the 
5 242-A Evaporator/PUREX Plant Process Effluent Treatment Facility (2025E ETF). 
6 The Appendix includes a description of the method used to determine the 
7 constituents requiring in-depth evaluation. 
8 
9 First, the maximum total quantity and weight of liquid waste were 

10 calculated based on 150 gallons per minute, 24 hours per day (h/day), and 
11 365 days per year (day/yr). 
12 
13 Maximum Total Quantity of liquid waste : 
14 
15 

150 gal * 6 o min * 24 h * 36 s day = 7. 9 E+07 gal 
min h day yr y r 

16 
17 Maximum Total Weight (1 part per million (ppm) = 1 mg per liter of H20) : 
18 
19 

7 _9 E+07 gal* 28.3171 * lg * llb *lmg/1= 658 l b /yr 
yr 7 . 4805ga1 1000mg 453.593g lppm ppm 

20 
21 Using the maximum total weight , small quantity emissions (SQE) for 
22 Class A and Class B wastes were converted to a maximum part per billion value. 
23 This value was then compared with the annual emission rates of the six 
24 constituents being evaluated. Dividing an SQE by the maximum total weight of 
25 liquid waste yields a maximum ppb value . For example, 
26 
27 

28 

175 lbs 
yr 

6 57 lb/ y r 
ppm . 

= 0 . 2 6 6 ppm = 2 6 6 ppb 

29 Any element or compound less than 226 ppb and SQE of 175 lbs/yr in the 
30 influent stream qualifies as a pollutant below the SQE rate . Furthermore, the 
31 pollutant is exempt from dispersion modeling to demonstrate compliance with 
32 the ambient source impact levels (ASILs). 
33 
34 Table 3-1 of Chapter 3.0 identifies the constituent concentrations in the 
35 influent streams that exceeded the SQEs for the annual facility inventory . 
36 These include ammonia , calcium , chromium, fluoride, dibutyl phosphate, and 

APP B-1 
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1 tributyl phosphate. The maximum concentrations in gaseous release from the 
2 stack and maximum concentrations in liquid influent are taken from data 
3 supplied in Appendix B as indicated in the individual analyses below. 
4 
5 A. Annual Emissions Calculations 
6 
7 (1) Ammonia (WAC 173-460 Class B) 
8 Maximum concentration in gaseous release from the stack (stream GB 
9 of Appendix C, 0B2) = 2.7 E-06 g/m3 

10 
11 Flowrate of gaseous release= 27,250 standard cubic feet per minute 
12 (scfm) 
13 
14 Annual emissi•on to the air: 
15 
16 

2.7 E-09 kg * 2. 2046 
lbs * 0.02832 

m3 * 27,250 
ft 3 

* --
m3 kg ft 3 min 

60 min * 24 
h * 365 

day = 2 .41 
lbs · 

h day yr yr 

SQE = 5 , 2 5 0 lbs > > 2 . 41 lbs 
yr yr 

17 
18 Because the annual emission rate is well below the SQE, no further 
19 analysis is .required. 
20 
21 (2) Calcium (WAC 173-460 Class 8) 
22 Maximum concentration in liquid influent (083, H2-88973, stream #5) 
23 = 2.8 g/m3 

24 Total transfer rate= 1 E-12 (see Section B.2 of this Appendix) 
25 Maximum concentration in gaseous release: 
26 
27 

28 
29 

930126.1508 

2. 8 2- * 1 E-12 = 2. 8 E-12 2-
m3 m3 
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(3) 

Annual emission to the air: 

DOE/RL-92-69, Rev. 0 
12/04/92 

2 . 8 E - 15 kg 
*2.2046 lbs 

* 0 . 02832 
m3 * 27,250 

ft 3 
* --

m3 kg ft 3 min 

60 min * 24 
h * 365 

day = 2. 5 E-06 lbs 
h day yr yr 

SQE = 1 7 5 lbs > > 2 . 5 E-0 6 lbs 
yr yr 

Because the annual . emission rate is well below the SQE , no further 
analysis is required. 

Chromium (WAC 173-460 Class A) 
Maximum concentration in liquid influent (DB3) = 0.066 g/m3 (See 
Appendix A) 
Total transfer rate= 1 E-12 (see Section B.2 of this Appendix) 
Maximum concentration in gaseous release: 

0. 066 2- * 1 E-12 = 6. 6 E-14 2-
m3 m3 

Annual emission to the air: 

6.6 E-17 kg * 2.2046 
lbs * 0.02832 

m3 * 27,250 
ft 3 

* m3 kg ft 3 min 

60 mi n * 2 4 
h 

• 36 5 
day 5.9 E-08 lbs = 

h day y r yr 

SQE = 1 7 5 lbs > > 5 . 9 E-0 8 lbs 
yr yr 

Because the annual emi~sion rate is well below the SQE, no further 
analysis is required. 
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1 
2 
3 
4 
5 
6 

(4) Fluoride (WAC 173-460 Class B) 
Maximum concentration in liquid influent (•Bl, H2-88971) = 1.1 g/m3 

Total transfer rate= 1 E-12 (see Section B.2 of this Appendix) 
Maximum concentration in gaseous release: 

7 
8 
9 

10 

11 

1. 1 ...fl.. * 1 E-12 = 1. 1 E-12 ...fl.. 
m3 m3 

Annual emission to the air: 

1.1 E-15 kg 
*2.2046 

lbs * 0.0 2 832 
m3 

* 27,250 
m3 kg ft 3 

60 min * 24 
h * 365 day= 9. 8 E--07 lbs 

h day yr yr 

SQE = 17 5 lbs > > 9. 8 E-07 lbs 
yr yr 

ft 3 
* min 

12 Because the annual emission rate is well below the SQE, no further 
13 analysis is required . 
14 
15 (5) Tributyl phosphate (WAC 173-460 Class B) 
16 Maximum concentration in gaseous release from the stack (shown in 
17 Appendix C, stream GB of Gaseous Material/Activity Balance DBl) = 
18 2.2 E-06 g/m3 

19 Maximum concentration in liquid influent (•Bl, H2-88971, stream #5) 
20 = 55.55 g/m3 

21 Total transfer rate: 
22· 
23 

24 
25 

930126.1508 

2.2 E-06 g/m 3 = 4.0 E-08 
55.55 g/m 3 
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Annual emission to the air: 

DOE/RL-92-69, Rev. 0 
12/04/92 

2 . 2 E-09 kg •2.2046 lbs * 0.02832 
m3 * 27,250 

ft 3 

* --kg min 

(.6) . 

m3 ft 3 

60 
min * 24 

h * 365 
day = 2. 0 lbs 

h day yr yr 

SQE = 1 7 5 lbs > > 2 . 0 lbs 
yr yr 

Because the annual emission rate is well below the SQE, no further 
analysis is required. 

Dibutyl phosphate (WAC 173-460 Class 8) 
Maximum concentration in liquid influent (081) = 24 g/m3 (See 
Appendix A) 
Maximum concentration in gaseous rel.ease 
(Assume same transfer rate calculated in (5) for tributyl phosphate) 

24 ..2_ * 4 . 0 E-08 = 9. 6 E-07 ..2_ 
m3 m3 

Annual emission to the air: 

9.6 E-10 kg 
*2.2046 

lbs 
* 0.02832 

m3 
* 27, 250 ft 3 

* kg min m3 ft 3 

60 min 
* 2 4 

h 
"' 36 5 

day 0 .86 lbs 
= 

h day y r yr 

SQE = 1 , 7 5 0 lbs > > 0 . 8 6 lbs 
yr yr 

Because the annual emission rate is well below the SQE, no further 
analysis is required . 
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1 B. Total Volatile Organic Compounds and Particulates (WAC 173-460) 
2 
3 (1) Total volatile organic compounds 
4 Maximum concentration in gaseous release from the stack (shown in 
5 stream GS of Gaseous Material/Activity Balance DBI) = 6.5 E-04 g/m3 

6 
7 
8 Annual emission to the air: 
9 

10 

6.5 E-07 
kg * 2.2046 

lbs * 0. 02 83 2 
m3 * 27,250 

ft 3 
* --

m3 kg ft 3 min 

60 
min * 24 

h * 365 
day 581 lbs < < 40 

ton 
= --

h day yr yr yr 

11 
12 (2) Particulates 
13 Total dissolved solids (TDS) concentration of liquid influent= 
14 (DB2, H2-88972, stream #5) 913 g/m3 

15 Total dissolved solids concentration in gaseous release from the 
16 stack (shown in stream GS of Appendix C, DB2 of Gaseous 
17 Material/Activity Balance) = 5.8 E-10 g/m3 

18 
19 Total transfer rate: 
20 
21 

22 
23 
24 
25 
26 
27 
28 
29 

930126.1508 

5.8 E-10 g/m3(air) = 6.4 E-13 < 1 E-12 
913 g/m 3 (H2 0) 

The notation (6.4 E-13 < 1 E-12) demonstrates that the calculated 
total transfer rate (6.4 E-13) compares favorably to the 
extrapolated value obtained from ORNL (1970) (estimated value of 
1.2 E-08 and a calculated value of 4 E-12). For convenience, the 
total transfer rate for particulate was established at 1 E-12. 
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1 
2 
3 

Annual emission to the air: 

5 . 8 E-13 kg 
*2.2046 lbs 

m3 kg 
* 0.02832 

m3 

ft 3 

60 min * 24 
h * 365 

day = 0.00052 
h day yr 

4 
5 (3) Total emission 
6 
7 Annual emission to the air: 
8 
9 

* 27,250 
ft 3 

min 

lbs < < 25 
ton --yr yr 

2. 41 * 10-3 lbs (Ammonia) + 581 lbs ( Total VOC) + 
yr yr 

O. 00052 lbs (particulates) = 581 lbs 
yr yr 

10 
11 
12 
13 

14 
15 

Daily emission to the air: 

581 lbs/yr 1.59 = 
365 day/ yr 

16 C. Transfer rate and mass balance calculation 
17 C.l Transfer rate 
18 (1) All organic compounds 
19 For example , in the case of 1-Butanol 
20 Pure 1-Butanol 

lbs 
day 

21 Density (Pure 1-Butanol) = 810 kg / m3 

22 Vapor pressure (104 °F) = 18 mmHg 
23 Molecular weight= 74.1 
24 Molecular density: 
25 
26 

27 
28 

810 kg/m 3 

7 4 ._1 kg/ kgmol 
kgmol 

= 1 0. 9 
m3 
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Concentration: 

Molecular concentration: 

X kg/m 3 = X kgmol 
74.1 kg/ kgmol 74.1 m3 

Partial vapor pressure of 1-Butanol: 

18 mmHg * X kgmol/7 4. 1 m3 = 

10.9 kgmol/m3 0 . 0 2 2 3 * X mmHg 

1-Butanol concentration in gaseous phase: 

O. 0223 * X mmHg(l-Butanol) 
760 mmHg 

= 0. 0000293 * X m3 (1-butanol) 
m 3 (Gas) 

273K 

0.0000293 * X m3(1-butanol) * 
m3 (Gas) 

27 3 + ( 104F - 32) 
1. 8 
m3 

22 .4 kgmol 

0
_0000014 * X kgmol(l-butanol) 

Nm 3 (Gas) 

0.0000014 * X kgmol(l-butanol) * 74.1 kg 
Nm 3 (Gas) kgmol 

0. 0000845 * X kg(l-butanol) 
m 3 ( Gas) 
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Transfer rate: 

DOE/RL-92-69, Rev. 0 
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0. 0000845 * X kg(l-butanol) /Nm
3 

(Gas) = 0. 0000845 < 1 E-4 
X kg/m 3 

4 
5 Transfer rate= 1 E-04 
6 
7 (2) Dissolved solid 
8 Assumptions for the "mist model" transfer constant for 
9 particulate/aerosol emissions: 

10 
11 Assume that mist containing dissolved solid components would be 
12 entrained to gaseous phase. 
13 Mist concentration in gaseous phase: 
14 
15 
16 10 mg (mist)/m3 (gas) (ORNL 1970) 
17 
18: 
19 As the mist is released from process equipment through ventilation 
20 piping, water in the mist is evaporated. Dissolved solids in the 

· 21 mist would form particulates. 
22 
23 Transfer rate: 
24 
25 

26 

10 mg(mist) / m3 (Gas) = 

1000 kg(H2 0) / m 3 (H2 0) 

27 C.2 Conditions 
28 

1 E-08 
m3 HO 2 

m3 gas 

29 Regular sources of vessel ventilation offgas are as follows: 
30 Surge Tank 
31 Degasification Column 
32 Secondary Waste Receiving Tank 
33 Concentrate Tank 
34 
35 
36 

APP B-9 
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1 Other sources are considered as negligible because liquid level is maintained 
2 at a set value by automatic control. Liquid temperature and gas flowrate are 
3 shown below. 
4 · 
5 (1) Surge Tank 
6 Temperature= 140 °F 
7 Gas flowrate = 24 scfm 
8 Gas ·in the Surge Tank is discharged as the tank is receiving 
9 influent and process distillate. 

10 
11 (2) Degasification Column 
12 Temperature= 110 °F 
13 Gas flowrate = 5.6 scfm 
14 To remove gaseous carbon dioxide, air at 5.6 scfm is injected 
15 continuously. 
16 
17 (3) Secondary Waste Receiving Tank 
18 Temperature= 140 °F 
19 Gas flowrate = 2.7 scfm 
20 Gas in the Secondary Waste Receiving Tank is discharged as the tank 
21 is receiving secondary waste. 
22 
23 (4) Concentrate Tank 
24 Temperature= 230 °F 
25 Gas flowrate = 0.1 scfm 
26 Gas in the Concentrate Tank is discharged as the tank is receiving 
27 concentrate. 
28 
29 C.3 Mass balance calculation of vessel ventilation system Gaseous 
30 Material/Activity Balance shown in Appendix C is calculated by the 
31 following procedures. -
32 -
33 For example, in the case of D81 
34 Stream Gl (Surge Tank) 
35 Flowrate = 24 scfm 
36 Concentration of all compounds= 
37 Stream 8 (drawing H-2-88971) (g/m3 * Transfer rate) 
38 
39 Stream G2 (Degasification Column) 
40 Flowrate = 5.6 scfm 
41 Concentration of all compounds= 
42 Stream 15 (drawing H-2-88971) (g/m3 * Transfer rate) 
43 
44 Stream G3 (Secondary Waste Receivi-ng Tank) 
45 Flowrate = 2.7 scfm 
46 Concentration of all compounds= 
47 Stream 30 (drawing H-2-88971) (g/m3 * Transfer rate) 
48 
49 Stream G4 (Concentrate Tank) 
50 Flowrate 0.1 scfm 
51 Concentration of all compounds= 
52 Stream 31 (drawing H-2-88971) (g/m3 * Transfer rate) 
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Stream GS (before filter) 

4 

Flowrate is the sum of Gl, G2, G3, and G4 
Concentration of all compounds= 

DOE/RL-92- 69, Rev. 0 
12/04/92 

l:: flowrate(stream GJ * Concentration (stream GJ 
.l•l 

flowrate (Stream GS) 

Stream G6 (after filter) 
Decontamination Factor (OF) 
organic compounds and ammonia= 1 
others= 100 

Flowrate is the same as for Stream GS 
Concentration of all compounds= 

Stream GS g/m 3 

DF 

Stream G7 (Outlet of Ventilation ·Qffgas) 
Flowrate increases to 250 scfm 
Concentration of all compounds= 

Stream G6 g / m3 * Flowrate (Stream G6) 
Flowrate (Stream G7) 

Stream GB (release after mixing with the heating, ventilation, and 
air conditioning) 

Flowrate increases to 27 , 250 scfm 
Concentration of all compounds= 

Stream G7 g/ m3 * Flowra te ( Stream G7) 
Flowrate (Stream GB) 
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1 Definitions of Design Bases: 
2 

DOE/RL-92-69, Rev. 0 
. 12/04/92 

3 DBI: Influent to the 2025E ETF includes 75 gallons per minute from the PUREX 
4 process distillate discharge (POD) and 75 gallons per minute from the 
5 PUREX ammonia scrubber distillate (ASD). 
6 
7 D82: - Influent to the 2025E ETF includes 75 gallons per minute from the PUREX 
8 ASD and 75 gallons per minute from the 242-A Evaporator process 
9 condensate. 

10 
11 D83: Influent to the 2025E ETF includes 150 gallons per minute from the 
12 242-A Evaporator process condensate. 
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GASEOUS MATERIAL/ACTIVITY BALANCE OF THE 242-A EVAPORATOR/PUREX 
PLANT PROCESS EFFLUENT TREATMENT FACILITY 
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Table C-1. Gaseous Materi al/Activity Balance of the 242-A Evaporator/PUREX Plant Process Effluent 
Treatment Facility Design Basis 1. 

Stream No. Unit G1 G2 G3 G4 GS G6 G7 G8 

Stream Surge Tank Degasification Secondary ~aste Concentrate Before After outlet Release after 
Blower Receiving Tank A Tank A Filter Filter of VOG mixing wi th HVAC 

Flowrate scfm 24 . 0 5.6 2.7 0.1 32.4 32.4 250.0 27, 250.0 

Organic CQ!!J2ounds 
g/~ 1-Butanol 9.1 E-03 5.0 E-04 4.5 E-03 0.00 E+OO 7.2 E-03 7.2 E-03 9.8 E-04 8.6 E-06 

Acetone 9/5 2.6 E-03 1.0 E-04 9.1 E-04 0.00 E+OO 2.0 E-03 2.0 E-03 2.6 E-04 2.4 E-06 
Benzyl Alcohol g/m 5.2 E-07 2.0 E-07 1.8 E-06 0.00 E+OO 5.7 E-07 5.7 E-07 7.4 E-08 6.8 E-10 

Chloroform g/~ 6. 1 E-05 1.2 E-05 1.1 E-04 0.00 E+OO 5.6 E-05 5.6 E-05 7.3 E-08 6.7 E-08 
Methylene Chloride 9/"3 6.6 E-04 2.5 E-05 2.3 E-04 0.00 E+OO 5.2 E-04 5.2 E-04 6.7 E-05 6.1 E-07 
MIBK g/m 1. 1 E-05 2.5 E-06 2.3 E-05 0.00 E+OO 1.1 E-05 1. 1 E · 05 1.4 E-06 1.3 E-08 

Oibutyl Phosphate 
g/~ Tributyl Phosphate 2.5 E-03 2.0 E-05 1.8 E-04 0. 00 E+OO 1.9 E-03 1.9 E-03 2.4 E-04 2.2 E-06 

Others g/m 6.9 E-01 2.5 E-02 2.3 E-01 0.00 E+OO 5.4 E-01 5.4 E-01 7.0 E-02 6.4 E-04 

Tota l g/m3 7. 1 E· 01 2.6 E-02 2.3 E-01 0.00 E+OO 5.5 E-01 5.5 E-01 7.1 E-02 6.5 E-04 

TDS g/~ 4.8 E-06 1. 7 E ·05 1. 1 E ·04 5.1 E-03 3.3 E-05 3.3 .E-07 4.3 E-08 3.9 E-10 
NH4 g/m 2. 4 E-04 2.5 E-06 1.3 E ·04 4.9 E-01 1.8 E · 03 1.8 E-03 2.4 E-04 2.2 E-06 

Fluor ide · MaxillUII concentrat ion in liquid influent was . taken from the 90 percent confidence interval of the POD in DB1. Design Basis 1 is based 
on an influent stream cons is t ing of 75 gallons per minute of the POD and 75 gallons per minute of the PC. 

Oibutyl Phosphate · Maximum concentrat ion in liquid influent was taken from the 90 percent confidence interval of the POD in DB1 . Design Bas is 1 
i s based on an influent stream of 75 gallons per minute of the POD and 75 gallons per minute of the PC. 

"Others"· Represents the sum of very small amounts of the following: Dodecane, Tetradecane, Pentadecane, Dibutylphosphate, and unknown ester as 
specified in "Process Design Bas is". 

HVAC = heat ing, ventilating, and air conditioning . 
MIBK = methyl isobutyl ketone. 

TDS = total dissolved solids. 
VOG = vessel offgas. a 
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Table C-2. Gaseous Material/Activity Balance of ,the 242-A Evaporator/PUREX Plant Process Effluent 
Treatment Facility Design Basis 2. 

Stream No. Unit G1 G2 G3 G4 GS G6 G7 GS 

Stream Surge Degasification · Secondary Waste Concentrate Before After Outlet of Release after 
Tank Blower Receiving Tank A Tank A Filter Filter VOG mixing with HVAC 

Flowrate scfm 24.0 5.6 2.7 o. 1 32.4 32.4 250.0 27,250.0 

Organic CQ!!J2ounds 
g/~ 1-Butanol 9.0 E-03 5.0 E-04 4.5 E-03 0.00 E+OO 7.1 E-03 7.1 E-03 9.2 E-04 8.5 E-06 

Acetone g/"1 2.4 E-03 1.0 E-04 8.9 E-04 0.00 E+OO 1.9 E-03 1.9 E-03 2.4 E-04 2.2 E-06 
Benzyl Alcohol g/m 5.2 E-07 2.0 E-07 1.8 E-06 0.00 E+OO 5.7E-07 5.7 E-07 7.4 E-08 6.8 E-10 

Chloroform g/"S 6.0 E-05 1. 2 E-05 1.1 E-04 0.00 E+OO 5.6 E-05 5.6 E-05 7. 2 E-06 6.6 E-08 
Methylene Chloride 9/"3 6.6 E-04 2.5 E-05 2.2 E-04 0.00 E+OO 5. 1 E-04 5. 1 E-04 6.6 E-05 6.1 E-07 
MIBK g/m 1.1 E-05 2.5 E-06 2.2 E-05 0.00 E+OO 1.0 E-05 1.0 E-05 1.4 E-06 1.2 E-08 

Tributyl Phosphate g/"S 1.4 E-04 2.0 E-05 1.8 E-04 0.00 E+OO 1.2 E-04 1.2 E-04 1.6 E-05 1.4 E-07 
Others g/m 5.7 E-02 2.5 E-02 2.2 E-01 0.00 E+OO 6.5 E-02 6.5 E-02 8.5 E-03 7.8 E-05 

Total g/m3 7.0 E-02 2.6 E-02 2.3 E-01 0.00 E+OO 7.5 E-02 7.5 E-02 9.7 E-03 8.9 E-05 

TDS g/~ 8.6 E-06 2.9 E-05 2.6 E-04 4.6 E-03 4.9 E-05 4.9 E-05 6.3 E-08 5.8 E-10 
NH4 g/m 6.8 E-04 7. 1 E-06 3.6 E-04 5.2 E-01 2.3 E-03 2.3 E-03 3.0 E-04 2.7 E; 06 

"Others" - Represents the sum of very small amounts of the following: Dodecane, Tetradecane, Pentadecane, Dibutylphosphate, and unknown es ter 
as specified in "Process Design Basis". 

HVAC = heating, ventilating, and air conditioning . 
MIBK = methyl isobutyl ketone. 

TDS = total dissolved solids. 
VOG = vessel offgas. 
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Table C-3. Gaseous Material/Activity Balance of the 242-A Evaporator/PUREX Plant Process Effluent 
Treatment Facility Design Basis 3. 

Stream No. Unit G1 G2 G3 G4 GS G6 G7 G8 

Stream Surge Degasification Secondary Waste Concentrate Before After outlet Release after 
Tank Blower Receiving Tank A Tank A Filter Filter of VOG mixing with HVAC 

Flowrate scfm 24.0 5.6 2.7 0.1 32.4 32.4 250.0 27,250.0 

Organic CQ!!!2ounds 
g/"S 1." Butanol 1.6 E-02 5.0 E-04 4.5 E-03 0.00 E+OO 1.2 E-02 1.2 E-02 1.6 E-03 1.4 E-05 

Acetone g/lllj 4.6 E-03 1.0 E-04 9.0 E-04 0.00 E+OO 3.5 E-03 3.5 E-03 4.5 E-04 4.2 E-06 
Benzyl Alcohol g/m 6.4 E-07 2.0 E-07 1.8 E-06 0.00 E+OO 6.6 E-07 6.8 E-07 8.6 E-08 7.9 E-10 

Chloroform g/~ 9. 1 E-05 1.2 E-05 1.1 E-04 0.00 E+OO 7.8 E-05 7.8 E-05 1.0 E-05 9.9 E-08 
Methylene Chloride 9/"3 1.3 E-03 2.5 E-05 2.2 E-04 0.00 E+OO 9.8 E-04 9.8 E-04 1.2 E-04 1.1 E-06 
MIBK g/m 1. 7 E-05 2.5 E-06 2.2 E-05 0.00 E+OO 1.5 E-05 1.5 E-05 1.9 E-06 1.8 E-08 

Tributyl Phosphate g/"S 2.3 E-04 2.0 E-05 1.8 E-04 0.00 E+OO 1.9 E-04 1.9 E-04 2.4 E-05 2.2 E-07 
Others g/m 6.5 E-02 2.5 E-02 2.2 E-01 0.00 E+OO 7.1 E-02 7.1 E-02 9.2 E-03 8.5 E-05 

Total g/m3 8.7 E-02 2.6 E-02 2.3 E-01 0.00 E+OO 8.8 E-02 8.8 E-02 1.1 E-02 1.0 E-04 

TDS g/~ 8. 1 E-06 2.3 E-05 2.0 E-04 4.2 E-05 4.2 E-07 5.5 E-08 5.0 E-10 
NH4 g/m 4.8 E-04 5.0 E-06 2.5 E-04 2.0 E-03 2.0 E-03 2.6 E-04 2.4 E-06 

Calcium - Maximum concentration in liquid influent was taken from the 90 percent confidence interval of DB3. Design Basis 3 is based on an 
influent stream consisting of only the PC of 150 gallons per minute. 

Chromium - Maximum concentration in liquid influent was taken from the 90 percent confidence interval of DB3. Design Basis 3 is based on an 
influent stream consisting of only the PC of 150 gallons per minute. 

"Others" - Represents the sum of very small amounts of the following: Dodecane, Tetradecane, Pentadecane, Dibutylphosphate, and unknown 
ester as specified in "Process Design Basis". 

HVAC = heating, ventilating, and air conditioning. 
MIBK = methyl isobutyl ketone. 

TDS = total dissolved solids. 
VOG = vessel offgas. 
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EXECUTIVE SUMMARY 

This report provides the background documentation to support the application for 

approval to construct and operate a new air toxics emission source at the 2025E Condensate 

Treatment Facility (eTF) at the 200 East Area on the Hanford Site near Richland, 

Washington. This facility will be used to treat process condensate from the 242-A 

Evaporator, process distillate discharge (POD) from the Plutonium-Uranium Extraction 

(PUREX) Plant, and ammonia scrubber distillate from PUREX Plant operations. Permits are 

required under federal and state statutes for atmospheric discharges of air contaminants. 

This report documents the energy, environmental, and economic impacts of the proposed air 

pollution control equipment in order to demonstrate that the control equipment is the best 

available control technology for air toxics (T-BAeT). 

Twenty-one potential sources of toxic air emissions within the condensate treatment 

facility have been identified. These sources include the surge tank, pH adjustment tank, 

ultraviolet light/chemical oxidation (UV/oxidation) reactor, degasification column, reverse 

osmosis (RO) Unit 1 feed tank, RO Unit 2 feed tank, effluent pH adjustment tank, 

verification tanks, secondary waste receiving tanks, evaporator vent gas cooler, powder 

hopper, resin dewatering tank, concentrate tanks, sump tank, drum cover operation and 

distillate condenser. All of these sources are exhausted by the ventilation off-gas (VOG) 

system. Air toxics, in the form of aerosols, volatile organic compounds (VOes), and 

inorganic vapors are released into the VOG. Therefore, a literature search was performed to 

identify methods to control aerosols, voe, and inorganic vapor emissions from the VOG. 

Some of the methods identified were determined infeasible and were eliminated from further 

consideration. Others were carried forward and an analysis of the environmental, energy, 

and economic impacts was prepared. 

A high efficiency particulate air (HEP A) filter used for controlling the aerosols is 

proposed as T-BAeT for this facility. No controls were selected for voes and inorganic 
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vapors, because the emissions will be very small, and the economic impacts of_ the potential 

controls would be too high. According to the dispersion modeling, all toxic releases from 

the proposed 2025E CTF will be below the acceptable source impact levels (ASILs) set by 

the Washington State air toxic regulations. 
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ASD 

ASIL 

BACT 

ACRONYMS AND ABBREVIATIONS 

American Conference of Government Industrial Hygienists 

activated oxidant 

ammonia scrubber distillate 

acceptabl~ source impact level 

best available control technology 

BARCT best available radionuclide control technology 

BFWWCAPCA Benton-Franklin Walla Walla Counties Air Pollution Control 

Authority 
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HVAC 
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Condensate Treatment Facility 

U.S. Department of Energy 

diocty lphthalate 

Washington State Department of Ecology 

U.S. Environmental Protection Agency 

electrostatic precipitator 

ejector venturi scrubber 

high efficiency mist eliminator 

high efficiency metal fiber 

high efficiency particulate air 

Hanford Meteorological Station 

heating, ventilating, and air conditioning 

Inte~ted Risk Information System 

Industrial Source Complex 

Industrial Source Complex Short Term 

lowest available emissions rate 

Liquid Effluent Retention Facility 

maximum available control technology 
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ACRONYMS AND ABBREVIATIONS (continued) 

MIBK Methyl isobutyl ketone 

NESHAP National Emissions Standard for Haz.a.rdous Pollutants 

NOC Notice of Construction 

NTIS National Technical Infonnation Service 

PAH polyaromatic hydrocarbon 

PC process condensate 

PUREX Plutonium-Uranium Extraction 

RMW radioactive mixed waste 

RO reverse osmosis 

ROM rough-order-of-magnitude 

SBS submerged bed scrubber 

T-BACT best available control technology for toxic air pollutants 

ULPA ultra low penetration air 

UV ultraviolet 

VLSI very large scale integration 

voe volatile organic compound --· 

VOG ventilation offgas 

WAC Washington Administrative Code 

WC water column 

· ... ._.--· 
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1.0 INTRODUCTION 

1.1 THE APPLICANT 

Facility Owner: 

Facility Operator: 

1.2 PURPOSE 

U.S. Department of Energy 

Richland Field Office 

P .O. Box 550 

Richland, Washington 99352 

Westinghouse Hanford Company 

P.O. Box 1970 

Richland, Washington 99352 

' 
This report provides documentation supporting the Notice of Construction (NOC) 

for the proposed 242-A Evaporator and Plutonium-Uranium Extraction (PUREX) Plant 

2025E Condensate Treatment Facility (CTF) to be built within the 200 East Area on the U.S . 

Department of Energy (DOE) Hanford Site near Richland, Washington. Because this permit 

must be issued prior to construction of the facility , an application is being prepared along 

with supporting documentation. 

This report provides the engineering basis for toxic air emissions controls to be 

. installed at the 2025E CTF by performing a "top-down" evaluation of emission control 

techn?logies. This evaluation follows the methodology presented in the Environmental 

1-• Protection Agency's (EPA) draft guidance document, "Top-Down" Best AvaUable Control 

Technology (EPA 1990a). This report is intended to demonstrate that the emissions control 

equipment complies with the state of Washington draft regulations concerning best available 

WHC(TBACT)/1 l -5-92/02958A 

1-1 



control technology for air toxics (T-BACT) as defined in Washington Administrative Code 

(WAC) Sections 173-460-020( 4) and 17 6-400-03_0( 10). 

1.3 FACilJTY FUNCTION 

The 2025E CTF will treat and dispose of the 242-A Evaporator process 

condensate (PC), the PUREX Plant process distillate discharge (PDD), and the PUREX Plant 

ammonia scrubber distillate (ASD). The process will consist of a single treatment train 

designed to handle a flow rate of 150 gal/min (recycle will cause a maximum flow of 174 

gal/min). The treatment train will provide the following functions: feed storage, suspended 

solids removal (rough, to 2 µm), ultraviolet (UV) light/chemical oxidation (UV/oxidation) 

with hydrogen peroxide, pH adjustment, suspended solids removal (fine, to 0.5 µm), 

degasification ( organic and carbon dioxide removal), two stages of reverse osmosis (RO), 

mixed-bed ion-exchange polishing, fmal pH adjustment, effluent storage for verification, 

concentration of RO reject, resin regenerating solutions, filter backwash, and evaporation of 

product solids to dryness. 

1.4 WCATION 

The regional location of the Hanford Site is shown in Figure 1-1. The proposed 

2025E CTF will be located in the northeast corner of the 200 East Area, approximately 35 

km northwest of the city of Richland, :Washington (see Figure 1-2). The location of the 

proposed 2025E CTF in relation to the 200 :East Area is shown in Figure 1-3. 

1.5 CONSTRUCTION SCHEDULE 

The design of the 2025E CTF is expected to be completed in March 1993. At 

that time, construction will begin and will continue for approximately one year. Start up of 

the facility is estimated for late 1994. 
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1.6 TOXIC AIR POLLUTANT REGULATIONS 

In Washington, Ecology has the responsibility of establishing air quality standards 

to protect the public health and welfare. In June 1991, Ecology adopted regulations to 

control toxic air pollutants (Chapter 173-460 WAC) . These rules became effective in 

September 1991. The regulations require new or modified sources which emit toxic air 

pollutants to apply for approval prior to construction and to comply with ambient air impact 

levels for more than 500 chemicals which are suspected of being carcinogenic or acutely 

toxic. 

1.6.1 Requirements to Install T-Bact 

All new sources that potentially emit toxic air pollutants are required to satisfy 

the following conditions in accordance with WAC 173-460-030 and WAC 173-460-060: - ··i. 

• 

• 

The source shall use T-BACT to control the toxic air pollutant emissions; 

and 

After installation of T-BACT, the source shall demonstrate protection of 

human health and safety b'y confi.nning that the controlled emissions do not 

cause exceeclances of the health-based Acceptable Source Impact Level 

(ASIL) concentration limits at all points beyond the facility boundary. 

1.6.2 T-BACT Methodology 

This section presents a brief description of e.ach of the five basic steps of nTop

Down" Best Avai.lable Control Technology (EPA 1990a) analysis. 
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1.6.2.1 Identify All Control Technologies. The first step in a top-down analysis is to 

identify, for the emissions unit in question, all available control options. The technologies in 

this evaluation are presented in Section 4.0. Available control options are those air pollution 

control technologies or techniques with a practical potential for application to the emissions 

unit and the regulated pollutant under evaluation. Air pollution control technologies and 

techniques include the application of production processes, systems, and techniques which 

may reduce the generation of the pollutant. The control alternatives should include not only 

existing controls for the source category in question, but also controls applied to similar 

source categories and innovative control technologies. Technologies required under lowest 

achievable emission rate (LAER) determinations are available for BACT purposes and must 

be included as control alternatives; they usually represent the top alternative. 

1.6.2.2 Eliminate Technically Infeasible Options. In the second step, the technical 

feasibility of the control options identified in Step 1 is evaluated with respect to the source

specific factors . In general, a demonstration of technical infeasibility should be clearly 

documented and should show, based on physical, chemical, and engineering principles, that 

technical difficulties would preclude the successful use of the control option on the emissions 

unit under review. Technically infeasible control options are then eliminated from further 

consideration in the BACT analysis. This step is also performed in Section 4.0. 

1.6.2;3 Rank Remaining Control Technologies. In Step 3, all remaining control 

alternatives not eliminated in Step 2 are ranked in order of control effectiveness for the 

pollutant under review, with the most effective control alternative at the top. A list should 

be prepared for each pollutant and for each emissions unit subject to a BACT analysis. The 

list should present the various control technology alternatives and should include the 

following types of information: 

• Control efficiencies (percentage of pollutant removed) 

WHC(TBACT)/l l-5-92/02958A 

1-7 



• Expected emissions rate 

• Expected emissions reduction 

• Environmental impacts (includes any significant or unusual other media 

impacts, e.g., water or solid waste) 

• Energy impact~. 

A detailed analysis of costs and other impacts is not required if the applicant 

chooses the top control technology. The applicant must document that the control option is 

the top alternative and briefly explain the environmental impacts. Feasible control 

alternatives for volatile organic compounds (VOCs), inorganic vapors, and aerosols are 

ranked in Section 5.0. 

1.6.2.4 Evaluate Most Effective Controls. After the identification of available and 

technically feasible control technology options, the energy, environmental, and economic 

impacts are considered to arrive at the final level of control (Step 4). The evaluation of these 

impacts is found in Section 6.0. For each control option, the applicant must present an 

objective evaluation of each impact. Both beneficial and adverse impacts should be discussed 

and, where possible, quantified. In general, the T-BACT analysis should focus on the direct 

impact of the control alternative. 

If the applicant accepts the top candidate alternative in the listing as T-BACT 

from an economic and energy standpoint, the applicant proceeds to consider whether impacts 

of unregulated air pollutants or impacts in other media would justify selection of an 

alternative control option. If there are no outstanding issues regarding collateral 

environmental impacts, the analysis is ended and the top alternative is proposed as T-BACT. 

In the event that the top alternative is shown to be inappropriate because of energy, 
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environmental, or economic impacts, the rationale for this finding should be fully 

documented for the public record. Then the next most stringent alternative in the listing 

becomes the new control candidate and is similarly evaluatect This process continues until 

the tecJu:iology under consideration cannot be eUmioattd by any source-specific 

environmental, energy, or economic impacts that demonstrate the alternative to be 

inappropriate as T-BACT. 

1.6.2.5 Select Best Available Control Technology. The most effective control option not 

eHminated in Step 4 is proposed as T-BACT for the pollutant and emission unit under review 

(Step 5). For this evaluation, T-BACT is presented iI1 Section 6.0. 

1.6.3 Ambient Impact ~emnent 

A new source which discharges toxic air pollutants must demonstrate compliance 

with ambient AS!u at all points beyond the facility boundary. EPA-approved computer 

dispersion models are used to predict the ambient concentrations. Impacts to the public were 

calculated using EPA' s SCREEN model. The ambient impact analysis consists of a 

comparison of the dispersion model's estimates of the maximum incremental ambient impact 

of each · Class A or Class B toxic air pollutant with the enumerated ASil., values in WAC 

173-460-150 and WAC 173-460-160. The AS!u for Class A pollutants are defined in terms 

of annual averaging times. The AS!u for Class B pollutants are defined in terms of 24-hour 

averaging times. 

For small quantity generators, dispersion modeling is not required to estimate the 

resulting level of outdoor pollutants and to demonstrate compliance with AS!u. Instead, 

ambient impact compliance may be illustrated by meeting the emission rates established in 

the small quantity emission rates tables in WAC l 73-460-080(2)(e). 
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If the dispersion model calculations demonstrate that the ASIL will be exceeded. 

tbm man, n:fined modeling techniques and/or emiuion estimati011 techniques should be used 

to demonstnte compliance. If these tecbrnques still result in an exettdance~ tbm the 

applicant may n,quest that Ecology perform a second tier analysis to man, accmately 

chancteriz.e risk from the emissions. 
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2.0 CONCEPTIJAL DESIGN 

The 2025E CTF is described in detail in this section, including the process 

description and the process flow diagram. 

2.1 PROCESS DESCRIPTION 

The 2025E CTF will treat and dispose of the 242-A Evaporator process 

condensate (PC), the PUREX Plant process distillate discharge (PDD), and the PUREX Plant 

ammonia scrubber distillate (ASD) . A process flow diagram for the facility is shown in 

Figure 2-1. This flow diagram may be revised after treatability studies on simulated and 

actual waste have been performed. 

The process will consist of a single treatment train designed to handle a flow rate 

of 150 gal/min (recycle will cause a maximum flow of 174 gal/min). The treatment train 

will provide the following functions: feed storage; suspended solids removal (rough, to 2 

µm); ultraviolet light/chemical oxidation (UV/oxidation) with hydrogen peroxide; pH 

adjustment; suspended solids removal (fine, to 0.5 µm); degasification (carbon dioxide 

removal); two stages of reverse osmosis (RO); mixed-bed ion-exchange polishing; final pH 

adjustment; effluent storage for verification; concentration of RO reject; resin regenerating 

solutions; filter backwash; and evaporation of product solids to dryness. These individual 

components of the treatment facility are discussed in more detail in the following paragraphs. 

A 380,000-L (100,000 gal) 304 stainless steel tank will be provided upstream of 

the treatment system. This tank will provide feed surge capacity during the processing of the 

wastewater. At this point, the pH will be adjusted to between 4 and 6. 
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Prior to the UV/oxidation unit, a filter will be used to remove suspended solids 

with diameters of greater than 2 µm from the wastewater. The filter will be capable of 

producing a filtrate with a turbidity not exceeding 20 nephelometric turbidity units. 

Filtration is necessary to prevent particles from fouling the quartz tubes in the UV oxidizer 

into which the lamps are placed. The filters will be backw~hed when necessary. This will 

result in the process going into standby for up to 30. minutes. The filter wash water will be 

routed to the evaporator. 

The UV/ oxidation unit using hydrogen peroxide will destroy organic contaminants 

in the wastewater. · In the process, UV light reacts with hydrogen peroxide to form highly 

reactive hydroxyl radicals. The hydroxyl radicals in tum react with organic molecules in the 

waste water. If the reaction is carried out to completion, the end products are carbon 

dioxide and water, plus ions such as chloride, if chlorine is included in the structure of the 

organic molecule. Virtually all organic compounds can be destroyed oy UV/oxidation. 

However, the reaction rates will vary substantially depending on the type of compound, 

concentration of oxidant, temperature, UV dose, pH, degree of mixing, and concentration of 

interfering substances (if present). The system will include a reaction chamber with UV 

lamps, feed pump and tank with mixer, transformer for UV power supply, chemical addition 

tanks, and a hydrogen peroxide storage tank. The UV/oxidation unit will destroy a 

substantial amount of VOCs which may have otherwise been emitted. 

After the UV /oxidation step, the pH of the waste stream will be readjusted to 

between 4 and 6 by the addition of sulfuric acid using an inline neutralizer. Lowering the 

pH will convert ammonia to the ammonium ion and convert carbonate and bicarbonate to 

carbon dioxide. Residual hydrogen peroxide will be destroyed catalytically over a packed 

bed decomposer. 

A second filter will be included after the pH adjustment step to remove any fine 

solids that may be present. Suspended solids in the feed stream to the RO unit must be 

limited to prevent plugging of the RO membranes. The filter wash water will be routed to 

WHC(fBACT)/ l 1-5-92/02958A 

2-3 



the evaporator. Backwashing of these filters will also result in the process going into 

standby for up to 30 minutes. 

Carbon dioxide formed in the pH adjustment step will then be removed by a 

degasifier. The degasification unit consists of a packed column. The liquid waste stream 

from the fine filter will _be introduced at the top and flow downward through the column. 

The carbon dioxide that is released will be vented to the emission control system through 

ducts connected to the top of the column. 

An RO system will be used after degasification to remove dissolved solids from 

the waste stream. The RO separation of dissolved solids from water molecules in aqueous 

solution is accomplished continuously by pumping pressurized feedwater across 

semipermeable membranes made of a polyamide with polysulfone backing. These 

membranes have the special property of allowing water molecules to pass through while 

holding back most other types of molecules and ions. Thus, the feed stream is split into two 

fractions; a relatively pure portion called the permeate, and the retentate or reject, which 

contains most of the contaminants in the feed stream. Two RO stages will be required to 

achieve a 99 % or better removal of contaminants. The reject stream from the first stage will 

be routed to the secondary waste receiving tanks and the rejec! stream from the second stage 

will be routed back to the first RO feed tank. The reject stream flow rate from the second 

RO unit will not exceed 10% of the feed stream flow rate. 

Ion-exchange units using mixed resins will be used as a final polishing step on the 

wastewater stream. The ion-exchange system will be designed to attain a high degree of 

demineralization. Two mixed-bed ion-exchange units will be operated in series with a third 

unit in standby after regeneration. The mixed ion-exchange resin beds will contain cation 

exchange resins that function in the hydrogen ion form and anion exchange resins that 

function in the hydroxyl ion form. Cation resin and anion resin beads in the mixed bed are 

hydraulically separated after exhaustion in preparation for regeneration. The exhausted 

· cation exchange resin beads containing cationic contaminants removed from the feed stream 
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will be regenerated with a strong acid, such as sulfuric acid. The anion resin beads will be 

regenerated with a strong base, such as sodium hydroxide. The spent regenerants and water 

rinses, containing the contaminants removed from the resin bed, will be routed to the 

secondary waste treatment train for volume reduction and packaging. 

A neutralizer will be provided following the ion-exchange system. The inline 

neutralizer will be used for final adjustment of the effluent pH to a range of approximately 

6.5 to 8.5. 

Three 2,536,000-L (670,000 gal) epoxy-coated carbon steel tanks will receive 

treated effluent to provide holdup capacity for samplin·g prior to discharge. The treated 

effluent will be released if the monitoring data show that the effluent meets permit 

conditions. If the effluent does not meet permit conditions, it will be recycled to the surge 

.· ~ tank. 

The filter backwash, the reject stream from the first RO unit, and the spent 

regenerate solutions from the ion-exchange units will be evaporated in an evaporator to 

.... reduce their volume. The evaporator will be sized to evaporate 4,500 kg/hr or 

...... approximately 76 Umin (20 gal/min). The RO reject stream will contribute the majority of 

the evaporation load. Ion-exchange regenerant solutions and filter backwashes are expected 

to contribute on the average less than 1 % to the volume of evaporated liquid in this unit 

operation. The evaporated liquid will be condensed and then recycled to the surge tank. 

The evaporator bottom stream will be routed to a thin film dryer where further evaporation 

will occur to produce a dry solid powder. 

The thin film dryer is a jacketed cylinder, heated by steam, served by a dedicated 

boiler. Used steam, depleted of its heat content, is recycled to the boiler. Concentrated 

waste enters the thin film dryer and is distributed by a feed distribution ring. The water 

fraction of the feed is evaporated and travels up the space between the rotor core and the 

heating wall. Powdered solids are scraped off the heating walls and discharged through the 
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bottom cone of the thin film dryer into the powder hopper. The powdered waste exits the 

powder hopper through a rotary valve and fills a drum belo_w. 

Entrained mist and powder from the thin film dryer overheads are separated from 

the vapor in the demister. The entrained portion is returned to the dryer while the vapor 

flows into the shell side of the distillate condenser. The distillate flows by gravity into the 

distillate condenser tank and is pumped from the distillate condenser tank pump to the surge 

tank. 
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3.0 FACILITY EMISSIONS 

This section will discuss the toxic emissions from the 2025E CTF, including a 

section on sources of emissions, a section discussing the toxic release rates, and a ventilation 

flow diagram. 

3.1 SOURCES OF EMISSION 

Toxic air pollutants may be released from 21 different points in the water 

treatment system: 

• Surge tank 

• UV/ oxidizer 

• pH adjustment tank 

• Degasification column 

• First RO feed tank 

• Second RO feed tank 

• Effluent pH adjustment tank 

• Verification tanks (three) 

• Secondary waste receiving tanks (two) 

• Evaporator vent gas cooler 

• Powder hopper 

• Resin dewatering system 

• Concentrate tanks (for dryer, two) 

• Sump tank 

• Drum cover operation 

• Distillate condenser 

• Soil column cribs . 
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These process components, other than the soil column cribs, will contain vents 

that tie into the ventilation offgas (VOG) system. The soil column will vent to the 

atmosphere. A ventilation flow diagram is presented in Figure 3-1. 

Toxic contaminants will be in the form of organic and inorganic aerosols, VOCs, 

and inorganic vapors. The airspace in each tank is assumed to be saturated with airborne 

contaminants. Toxic aerosols and vapors will be released from the surge tank, the degassing 

column, the secondary waste receiving tanks , and the concentrate tanks as shown in 

Figure 3-1. 

3.2 TOXIC RELEASE RATES FROM THE WATER TREATMENT PROCESS 

The list of all potential airborne emissions estimated from the 2025E CTF is 

shown in Table 3-1. The values in the table were taken from a JGC Corporation engineering 

report .on VOG emissions (Cureton 1992). The primary organic constituents that will be 

present in the VOG are 1-butanol, acetone, benzyl alcohol, chloroform, methylene chloride, 

MIBK, and tributyl phosphate. The only inorganic constituent present will be ammonia, and 

it is conservatively assumed that all of the ammonia present in the VOG wjll be released as a 

vapor. 

The potential uncontrolled release of toxic aerosols is estimated at 307 kg/yr 

(3.38 x 10-1 tons/yr) and the potential uncontrolled release of toxic vapors is estimated at 

4.19 kg/yr (2.10 x 10-3 tons/yr). Releases of toxic aerosols and vapors are assumed to occur 

in process components in which a measurable fl9w rate exists. These vessels include the 

surge tank, the degassing column, the secondary waste receiving tanks, and the concentrate 

tanks. The flow rate in the VOG before filtration will be 32.4 scfm (36.8 acfm). After 

combining with the room air the VOG flow rate will be 250 scfm (284 acfm). Before exiting 

the stack, the VOG is combined with the heating, ventilation, and air conditioning (HV AC) 

system air at 27,000 scfm (30,685.5 acfm). It is assumed that the VOC and inorganic vapor 
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Table 3-1. 

Co11tarninants 

ORGANIC COMPOUNDS 

1-Butanol 

Acetone 

Chloroform 

Methylene Chloride 

l\11BK 

Tributyl Phosphate 

Others11 

INORGANIC COMPOUNDS 

Ammonia 

TOTAL 

Summary of Uncontrolled Releases. 

Total Total 
Aerosol . Vapor 

Generated Generated 
(kg/yr) (kg/yr) 

6.58E+OO 3.29E-03 

l.91E+OO 9.60E-03 

4.26E-02 2.14E-04 

4.73E-01 5.26E-02 

8.21E-03 8.22E-06 

l.04E-01 5.20E-06 

2.98E+02 3.0lE+OO 

0 1.llE+OO 

3.07E+02 4.19E+OO 

Total 
Annual 
Release 
(kg/yr) 

6.58E+OO 

l .92E+OO 

4.28E-02 

5.26E-01 

8.22E-03 

1.04E-01 

3.01E+02 

1.llE+OO 

3.10E+02 

1/ "Others" represents the sum of very small amounts of the following regulated toxics: 
2-butanone, 2-butoxyethanol, dibutylphosphate, ethyl alcohol, methyl-n-butyl ketone, 
phenol, 2-propanol, pyridine, tetrahydrofuran, and 1, 1, I-trichloroethane. 
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controls evaluated in this analysis will be designed for placement in the VOG where air flow 
: ·.·. -· j 

· :.- .. · is 32.4 scfm (36.8 acfm). The particle and aerosol controls will be designed assuming 

,. 

\ ·. ·. 
' . 

·- r 

placement in the VOG where the air flow is 32.4 scfm (36.8 acfm) and downstream from 

where the VOG and the HV AC flows are combined. The total flow rate downstream from 

where the VOG and the HVAC flows are combined will be 27,032 scfm (30,722 acfm) . 
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4.0 CONTROL ALTERNATIVES 

The first step in the T-BACT analysis is to identify all available control options 

for reducing toxic emissions. Available control options are those air pollution control 

technologies with a practical potential for application to the emissions process and the 

regulated pollutant under evaluation. Control technologies include not only equipment to 

remove or treat releases, but also measures to prevent or reduce emissions. The control 

alternative should include not only existing controls for the source category in question, but 

also controls applied to similar source categories and gas streams, and innovative control 

technologies (EPA 1990a). Sections 4.1.1, 4.2.1, and 4.3.1 describe the methodology used 

to identify all available control options. In the course of the T-BAeT analysis, one or more 

of the options may be eliminated from consideration if demonstrated to be technically 

infeasible. In Sections 4.1.2, 4.1.3, 4.2.2, 4.2.3, 4.3.2, and 4.3.3 control technologies are 

described and evaluated for availability and technical feasibility, which is the third step of the 

T-BAeT analysis. 

Emissions from the 2025E VOG process will consist of voes, inorganic vapors, 

and aerosols. This ·T-BAeT analysis must identify all control technologies and determine if 

they will be effective for this facility. 

4.1 VOLATILE ORGANIC COMPOUNDS 

Some of the toxics emitted from the VOG will be in the form of volatile organic 

compounds (VOCs); as such, control technologies designed to destroy or capture voes are 

considered in this T-BAeT analysis. This section will discuss the literature search that was 

performed, describe each control technology available, and evaluate the technical feasibility 

of the voe control technologies. 
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4.1.1 BACT/LAER Clearinghouse Review and Literature Search 

A review was conducted of EPA's BACT/LAER Clearinghouse database to 

collect information on pollution control equipment for VOCs. The "source type" 

classification General Manufacturing and Fabrication was searched due to the lack of a 

specific classification for nuclear facilities or water treatment plants. Other literature 

searches were conducted to find information on VOC control, including the Compendex, 

Pollution Abstracts, and National Technical Information Service (NTIS) databases. The key 

words "VOCs" and "controls" were used in listing the relevant articles contained in these 

databases. The results of the literature search are listed in Appendix A. Based on a review 

of the literature, the most suitable VOC control technologies identified are activated carbon 

ads01ption, UV /oxidation, catalytic, thermal and regenerative incineration, absorption, and 

condensation. These technologies are discussed in detail in the following sections. 

4.1.2 Control Technologies 

Various technologies may be employed to control emissions of VOCs in the 

off gas system from the 2025E CTF. These are thermal incineration, regenerative thermal 

incineration, catalytic incineration, activated carbon adsorption, absorption, UV/oxidation, 

and condensation (see Table 4-1) . Each of these technologies has a descriptive abstract in 

Appendix B. 

4.1.2.1 Thermal Incineration. Thermal incineration depends upon direct contact between 

the contaminant and the high-temperature combustion flame to oxidize the pollutants. In a 

thermal incinerator, the contaminated gases are collected by a capture system and delivered 

to a preheater where they are heated by indirect contact with the hot incinerator exhaust. 

The gases are then mixed thoroughly with the burner fuel, if needed, and passed through the 

combustion zone where the combustion process is completed. Usually, a supplemental fuel 
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Thermal 
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Regenerative 
Thermal 
Incineration 

Catalytic 
Incineration 

Activated Carbon 
Adsorption 

Absorption 

UV /Oxidation 

Condensation 

Service Experience 

Various industrial 
processes 

Various industrial 
processes 

Various Industrial 
Processes 

Various Industrial 
Processes 

Various Industrial 
Processes 

Few Industrial 
Processes 

Various Industrial 
Processes 

Table 4-1. Summary of voe Control Options. 

Advantages 

• High efficiencies 
• No waste generation 
• Low maintenance requirements 

• Low energy use 
• Low operating costs 

• High efficiencies 
• Low maintenance costs 
• No waste generation 

• Inexpensive 
• Simple design 
• High efficiencies 

• Inexpensive 
• Small space requirements 

• High efficiencies 
• Continuous regeneration of 

carbon beds 

• Simple design 
• Inexpensive 

.. 
• J 

Disadvantages 

• High fuel costs 

• Lower efficiencies than normal thermal 
incineration 

• Consume large spaces 
• Very heavy 
• Used on very large flow ( > 35,000 cfm) 

• High capital costs 
• Unable to treat low voe loadings 
• Catalyst may deactivate over time 

• Secondary solid waste 
• Kctoncs and alcohols not as effectively 

removed 
• Moisture sensitive 

• Liquid waste produced 
• Not useful with many different voe 

contaminants 

• V cry high capital costs 
• Large space requirements 

• Liquid waste produced 
• Low efficiency on low inlet voe 

concentrations 

Technically 
Feasible 

YES 

NO 

NO 

YES 

NO 

YES 

YES 



such as natural gas or distillate oil is required. Combustion temperatures range from 1,600 -

2,200.°F with efficiencies of 90 - 99% (Casill and Lazilow 1991). 

Thermal incinerator design variables include temperature, oxygen availability, 

retention time, and turbulence. It is possible to increase one variable while decreasing the 

other for a given destruction efficiency for a given compound. Halogenated organic 

compounds require more residence time and higher temperatures to acquire the same 

destruction efficiency as non-halogenated organic compounds (Casill and Laznow 1991). 

4.1.2.2 Regenerative Thermal Incinerator. An alternative type of thermal incinerator has 

become increasingly popular in the market within the past five years. The unit, which has an 

extremely high-efficiency heat exchanging device, is known as a regenerative thermal 

incinerator. Such incinerators typically use two or three beds filled with ceramic stoneware 

or rocks. As one stone bed gives up its heat to the incoming air stream, another bed is 

heated up or ·regenerated by the exhausting air stream. 

Every one or two minutes the valving system changes, so that the hot exhausting 

bed changes and becomes the inlet heat bed, and so on. These systems are able to recover 

- •. ·- ' 

up to 95 % of the exhaust temperature energy, thereby helping to reduce the operating costs -

of the system. They have been used in industry for many years: VOC destruction 

efficiencies of 90 - 95 % can be achieved (Kottke 1992). 

4.1.2.3 Catalytic Incineration. Catalytic incineration is a variation of thermal incineration 

in which a catalyst is used to lower the oxidation activation energy, allowing combustion to 

occur at around 600 °F. The gas is passed through an optional heat exchanger to .raise its 

temperature before it enters the combustor. In the combustor, flammable vapors are ignited 

with the assistance of supplemental fuel firing and passed through the catalyst bed, destroying 

VOCs by oxidation. Flue gas exits the combustor and is passed through the heat exchanger 

to heat the incoming gas stream prior to discharging to the stack. 
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Catalyst beds are manufactured from materials such as platinum, palladium, and 

other metallic oxides. The choice of materials depends upon the specific VOCs to be 

removed and other catalyst poisoning constituents in the gas stream. Catalyst beds are 
' . 

usually of a monolithic design: a porous block containing parallel non-intersecting channels, 

or packed beds of spheres or pellets. Destruction efficiencies range from 90 - 99 % (Casill 

and Laznow 1991). 

4.1.2.4 Activated Carbon Adsorption. Adsorption is a phenomenon that occurs when a 

gas or vapor is brought into contact with a solid substance, resulting in the gas or vapor 

being collected on the surface of the solid. It is a result of surface forces acting on solids, 

gases, vapors, and dispersed material. The magnitude of these forces depends upon the 

nature of the solid surface and the type of molecules in the fluid . The adsori>ing solid or 

adsori>ent is generally an extremely porous material with large internal surfaces. Activated 

= carbon is one of the most versatile of the solid adsori>ents. For physical adsorption, 

activated carbon is limited to high molecular weight and nonpolar adsori>ates. Activated 

carbon can be specially treated with compounds of transitional elements or chemicals to 

enhance the adsorption capability for polar and low molecular weight gases or vapors. 

Due to the sources and manufacturing processes employed in making activated 

carbon, different grades of activated carbons are produced. An activated carbon with many 

pores big enough for gas molecules to enter is very important for effective adsorption. A 

higher rate of adsorption utilizes the adsori>ent more efficiently. 

A carbon adsorption system can recover a relatively pure product for reuse in the 

main process (if advantageous). Fuel and power costs are minimal and a high VOC removal 

efficiency, 95 - 99 % , can be attained with low inlet concentrations (Casill and Laznow 

1991). Carbon adsori>ers are available "off the shelf' in packaged units containing all 

necessary equipment. They are available in many different sizes and configurations up to 

100,000 scfm and can be custom designed for any application. 
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4.1.2.5 Absorption. The process of absorption is based on the design principle of mass 

transfer. In the process of gas absorption, the gaseous effluent stream containing the 

contaminant to be removed is brought into contact with a liquid in which the contaminant 

will dissolve. The concentration gradient between the two phases is established and a 

transfer to the liquid phase occurs. 

A packed bed scrubber system can be used for contacting the gas with the liquid. 

It can be designed with either a cross flow or countercurrent flow. The absorption rate 

depends on the amount of liquid surface exposed. It is a function of liquid recirculation rate, 

packing size, shape and distribution over the packing support plates. The liquid utilized 

depends on the contaminants present in the effluent gas. VOC removal efficiencies can range 

from 85 - 95% (Casill and Laznow 1991). 

4.1.2.6 UV/Oxidation. This technology can be applied to many industrial voe sources, 

but has not yet been tested in a radioactive environment. It is a multistage process, enabling 

it to treat a broad range of organic compounds, including halogenated and chlorinated forms. 

Critical components of the system are modular in design, thereby accommodating various air 

flow requirements, from as low as 1,000 cfm to as high as necessary. The VOC removal 

efficiency ranges from 95 % to 99 % . 

In this system, the VOC-laden gas stream is passed through a UV "Photolytic 

Reactor" where a UV/oxidation process occurs. This is similar to that which occurs in 

nature where UV light from the sun works in combination with naturally occurring oxidants 

to oxidize/reduce VOCs. The gas stream then passes through a water scrubbing process 

called an aqua reactor where oxidant is injected to further neutralize organics and reduce 

them to carbon dioxide, water, and some amounts of chlorides. Next, the water vapor is 

removed by a coalescer in the gas stream. Finally, the gas stream is directed to one of two 

carbon adsorption beds, where final polishing of the gas stream is achieved. 
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4.1.2.7 Condensation. This process uses the principle of cooling to condense -vapor into 

liquid. The hot vapors are cooled to below dewpoint to form a liquid or solid, which is then 

captured and rerouted through a liquid treatment scheme or captured in the particle collection 

device. At low concentrations of voes, the efficiency of this technology is poor (75-85%). 

4.1.3 Evaluation of Technical Feasibility 

4.1.3.1 Thermal Incineration. Thermal incineration units are commercially available as 

packaged units containing all necessary equipment. They are usually custom designed for 

certain applications. In the case of the ventilation offgas, a supplemental fuel source would. 

be needed to operate a typical incinerator because the organic loading is too low to support 

self combustion. The thermal incinerator is considered a viable control technology for the 

destruction of voes and will be carried through the T-BAeT analysis. 

4.1.3.2 Regenerative Thermal Incineration. These systems achieve lower efficiencies than 

normal thermal incinerators ( < 95 % ) due to the flip-flopping of the air streams. They are 

also very heavy and consume a lot of space. Most commonly, these systems are used on 

large air volumes in excess of 35,000 scfm. Though energy requirements are lower than for 

simple thermal incineration, an outside fuel source will still be required. As this technology 

has only been used on systems with very high flow rates (Kottke 1992), it is deemed 

infeasible for the eTF VOG due to the low flow rate (36.8 acfm). 

4.1.3.3 Catalytic Incineration. As in the case of the thermal incinerators, a catalytic 

incinerator will need a supplemental fuel source for application in the 2025E eTF VOG. 

The voe loading is too small for a normal catalyst bed to react with the organics and allow 

complete combustion. Because no manufacturers are known to build a unit capable of 

handling such low concentrations of voes (Epcon 1991), this control option is technically 

infeasible at 2025E CTF and will not be evaluated for voe control. 
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4.1.3.4 Activated Carbon Adsorption. Carbon adsorption is a well-known VOC control 

method. It usually has a very high removal efficiency (90 - 95 % ) . There are many 

· manufacturers of activated carbon filters that design and manufacture units for many different 

applications. This technology will be evaluated further m this analysis. 

4.1.3.5 Absorption. Packed tower systems are low in capital costs and have small space 

requirements, and a variety of designs exist. However, they are only capable of removing a 

specific organic compound or several closely related organic compounds; since there are 

many different VOCs in the ventilation offgas, all at very low concentrations, many 

absorption units would be required (Thomas 1992). The system would be so complicated 

that this technology is not considered feasible and will not be evaluated further for VOC 

control. 

4.1.3.6 UV/Oxidation. Most of these systems have been online for five years witho1,1t 

requiring replacement of the activated carbon filters, due to the absence of thermal stress on 

the granules. The systems are complex, combining adsorption units with a scrubber and 

ozone UV/oxidation units, but are technically feasible for the ventilation offgas. This 

technology will be evaluated further in this analysis. 

4.1.3. 7 Condensation. This technology is considered a viable VOC control method for the 

ventilation offgas emissions. A finned tube heat exchanger could be used to cool the offgas 

to below 50 °F, which would condense the majority of the VOCs (80%) to liquid. This 

technology will be evaluated further in this analysis. 

4.2 INORGANIC VAPORS (AM1\10NIA) 

Another toxic compound that will be emitted from the CTF VOG is ammonia; 

thus, ammonia controls are considered in the T-BACT analysis. This section will discuss the 

WHC(TBACT)/l 1-5-92/02958A 

4-8 



literature search that was performed, provide a description of each control technology 

available, and evaluate the technical feasibility of the ammonia control technologies. 

4.2.1 BACT/LAER Clearinghouse Review and Literature Search 

A review was conducted of EPA's BACT/LAER Clearinghouse database to 

collect information on pollution control equipment for ammonia. The "source type" 

classification General Manufacturing and Fabrication was searched due to the lack of a 

specific classification for nuclear facilities or water treatment facilities. Other literature 

searches were conducted to find information on inorganic vapor control, including the 

Compendex, Pollution Abstracts, and NTIS databases. The key words "ammonia" and 

"controls" were used in listing the relevant articles contained in these databases. The results 

;:;:- of this literature search are listed in Appendix A. Based on a review of the literature, the 

only ammonia control technologies identified are absorption and condensation. These 

technologies are discussed in more detail in the following sections. 

4.2.2 Control Technologies 

Two technologies may be employed to control emissions of ammonia from the 

2025E CTF. These are absorption and condensation (see Table 4-2). Each of these 

technologies has a descriptive abstract in Appendix B. 

4.2.2.1 Absorption. This technology is described in Section 4.1.2. 

4.2.2.2 Condensation. This technology is described in Section 4.1.2. 
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Control 
Technology 

Absorption 

Condensation 
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Table 4-2. Summary of Ammonia Control Options. 

Service 
Experience 

Various Industrial 
Processes 

Advantages 

• Inexpensive 
• Small space requirements 

Various Industrial • Simple design . 
Processes • Low capital costs 

; ! 

Disadvantages 

• Liquid waste produced 
• Not useful with many 

different VOC 
contaminants 

Technically 
Feasible 

YF.S 

• Liquid waste produced NO 
• Low efficiency on low inlet 

voe concentrations 



4.2.3 Evaluation of Technical Feasibility 

4.2.3.1 Absorption. Absorption can be implemented to control ammonia in the ventilation 

offgas; an ammonia removal efficiency of 95 % is possible. These systems are low in capital 

costs and have small space requirements. Many different designs of packed bed scrubbers 

exist, and one could be designed for treating ammonia in the ventilation offgas. Therefore, 

this technology will be evaluated further in this analysis . 

4.2.3.2 Condensation. Since ammonia bas a very low boiling point (-33 _°C), very little, if 

any, will condense into the liquid phase after passing through a condensing scrubber. 

Furthermore, the low temperatures required would necessitate drying the gases to prevent the 

apparatus from plugging with ice, leading to very high costs to achieve little, if any, 

removal. This technology is technically infeasible and will not be carried forward in this 

analysis. 

4.3 PARTICLES AND AEROSOLS 

Some of the toxics emitted from the VOG will be particles and aerosols. As 

such, particle and aerosol controls need to be considered in the T-BACT analysis. This 

section will discuss the literature search that was performed, provide a description of each 

control technology available, and evaluate the technical feasibility of the particle and aerosol 

control technologies. 

4.3.1 BACT/LAER Clearinghouse Review and Literature Search 

. A review was conducted of EPA's BACT/LAER Clearinghouse database to 

collect information on pollution control equipment for particles. The "source type" 
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classification General Manufacturing and Fabrication was searched due to the absence of a 

specific classification for nuclear facilities or water treatment plants. Seven technologies 

were identified in the BACT/LAER Clearinghouse Search that may be applicable to removal 

of particles from the VOG. These technologies are wet scrubbers, electrostatic precipitators, 

baghouses, cyclones, filters , dust collectors, and venturi scrubbers. In addition, a similar

and cross-industry survey was conducted to identify all potentially applicable and available 

control technologies. Information was gathered using a variety of databases, including NTIS, 

Compendex, and Pollution Abstracts. The key words "particle(s) ," "particulate(s)," and 

"controls" were used in listing the relevant articles contained in these databases. The results 

of this comprehensive literature search are provided in Appendix A. Potentially applicable 

controls identified in the survey are described ~d evaluated in Sections 4.3 .2 and 4.3.3. 

4.3.2 Descriptions of the Control Technologies 

This section describes the various technologies that may be employed to control 

emissions of particles/aerosols in the VOG. A summary of the control technologies is 

provided in Table 4-3 , and summary sheets for the control technologies are included in 

Appendix B. The technical feasibility of each technology is evaluated in Section 4.3.3 . 

4.~.2.1 High Efficiency Metal Fiber Filter. The high efficiency metal fiber (HEMF) filter 

is composed of fine stainless steel fibers (less than 8 µm diameter) sintered together into a 

mat. This construction gives the filter high holding capacity, a high degree of strength, and 

low pressure drop. 

The HEMF filters can be removed and cleaned repeatedly and will last the life of 

the plant without being replaced. The time between cleanings depends upon the parti~le 

loading and the number of filters used; a time interval of two to four years between filter 

cleanings is achievable. Remotely cleaning the filters in place is still experimental. The 
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Table 4-3. 

Control 
Technology Service Experience 

High Efficiency Chemical and food • 
Metal Fiber industries • 
(HEMF) Filter 

• 

• 

• 

• 

Ultra Low Semiconductor and • 
Penetration Air electronic clean • 
(ULPA)/Very rooms; medical • 
Large Scale industry; nuclear 

~ Integration industry I ,_. 
(VLSI) Filter I.,..) 

High Efficiency Clean rooms; • 
Particulate Air nuclear industry • 
(HEPA) Filter 

• 
• 
• 

Deep Bed Sand Radiochemical • 
Filter processing • 

facilities • 
• 

• 
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Summary of Particle/ Aerosol Control T~hnologies. 

Advantages Disadvantages 

Extremely efficient • Produces liquid waste 
Can be cleaned instead 
of disposing 
Not harmed by free 
water 
Can withstand higher 
temperatures 
Simple design; no 
moving parts 
Relatively low pressure 
drop 

Extremely efficient • More expensive than 
Low pressure drop HEPA filters 
Simple design; no • Spent filters become 
moving parts solid waste 

• Must be kept dry to 
avoid fouling 

• May require frequent 
changing of filter media 

Highly efficient • Spent filters become 
Simple design; no solid waste 
moving parts • Must be kept dry to 
Low initial cost avoid fouling 
Handles variable loading • May require frequent 
Low pressure drop changing of filter media 

Highly efficient • High initial cost 
Low maintenance • Large space requirement 
High heat capacity • High pressure drop 
Capable of handling • Spent sands become 
variable loading solid waste 
Fire resistant 

Pagel of 5 

Technically Feasible 

YES 

YES 

YES 

YES 



Table 4-3. Summary of Particle/ Aerosol Control Technologies. Page 2 of 5 

Control 
Technology Service Experience Advantages Disadvantages Technically Feasible 

Deep. Bed Glass Radiochemical • Highly efficient • Relatively high pressure YES 
Fiber Filter processing • Simple design drop 

facilities • Relatively small space • Spent filters become 
requirements solid waste 

Fabric Filter Extensive • Highly efficient • High initial and YES 
(Bag house) commercial use in • Modular construction operating costs 

utility, • Can handle large gas • Frequent bag 
metallurgical and flowrates replacement 
other applications • Bags become solid waste 

• Large space required 
• Flammability hazard 
• Relatively high pressure 

drop 

Electrostatic Extensive • Highly efficient • High initial cost YES 
~ Precipitator commercial use in • Low maintenance; few • Sensitive to varying 
I ..... (Wet or Dry) utility, moving parts process conditions 

.i:.. 
metallurgical and • Can accommodate • Large space required 
other applications corrosive materials • Safety concerns 

• Can handle large gas regarding high voltages 
tlowrates • Wet ESPs produce a 

liquid waste stream 

Hydro-sonic Hazardous and • Highly efficient • Produces liquid waste YES 
Atomized municipal waste • Simple design; no stream 
Scrubber incineration; coke moving parts • High solids 

ovens; proposed • Can use recycle concentration can cause 
for Savannah River scrubbing solution plugging 
melter off-gas • Can be used in series • High pressure drop 
system • Additional pumping 

required 

WHC(fBACT)/l l-3-92/02958A 

\._ 



Table 4-3. Summary of Particle/ Aerosol Control Technologies. Page 3 of 5 

· Control 
Technology Service Experience Advantages , Disadvantages Technically Feasible 

Packed Bed Various process • Highly efficient for • Not effective for smaller YES 
Scrubber applications; larger particles particles 

generally used as a • Low initial cost • Plugging may occur 
precleaner to • Handles corrosive, high • Produces liquid waste 
remove large temperature and stream 
particles moisture gases • High operating cost 

• Simple process design 

Perforated Plate Various chemical • Simple design; no • Liquid and solid wastes YES 
Mist Eliminator processing moving parts · produced 

operations; • Service life can be • Sensitive to process 
radiochemical extended by flushing the variations 
operations filter • High pressure drops 

• Low efficiency for small 
particles 

+" High Efficiency Acid and caustic • Highly efficient • Produces solid and liquid YES 
I ..... Mist Eliminator mist removal; • Simple design; no wastes 

VI 
(HEME) radiochemical moving parts • High pressure drops 

plant service • Backwashing can extend • Relatively large space 
filter element life required 

• Sensitive to process 
variations 

Tray Tower Various process • Low initial cost • Low efficiency YES 
applications; • Simple design; no • Produces liquid waste 
generally used as a moving parts stream 
precleaner to • Handles high • High operating cost 
remove large temperature and 
particles moisture gases 

• Can handle corrosive 
gases 
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Table 4-3. Summary of Particle/ Aerosol Control Technologies. Page 4 of 5 

Control 
Technology Service Experience Advantages Disadvantages Technically Feasible 

Ejector Venturi Various process • Low initial cost • Low efficiency YES 
Scrubber applications • Simple process design • Produces liquid waste 

• Tolerates variable stream 
operating conditions • Can have abrasion and 

• Can use recycled corrosion problems 
scrubbing solution • Extensive pumping 

requirements 

Impingement Various process • Simple design; no • Low efficiency YES 
and Entrainment applications moving parts • High pressure drop 
Scrubber • Handles high • Produces liquid waste 

temperature and stream 
moisture gases • High operating cost 

• Can handle corrosive 
gases 

~ Multiple Used where high • Simple design • Low efficiency YES 
I Cyclones removal • Low initial cost • High humidity gases can -0\ efficiencies are not • Useful for high gas cause plugging 

required; generally flows 
used as a 
precleaning device 

Spray Towers Various process • Low initial cost • Produces liquid waste YES 
applications; • Simple design; no stream 
generally used as a moving parts • High operating cost 
precleaner to • Handles corrosive, high • Low efficiency 
remove large temperature and • Liquid entrainment at 
particles moisture gases high gas flowrates 

• Relatively low pressure 
drop 
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Table 4-3. Summary of Particle/ Aerosol Control Technologies. Page 5 of 5 

Control 
Technology 

Cyclonic 
Scrnbber 

Mechanically
Aided Scrubbers 

Prefilter 
(Roughing 
Filter) 

Standard Mist 
Eliminator 

Service Experience 

Various process 
applications; 
generally used as a 
precleaner to 
remove large 
particles 

Not known 

Heating and 
ventilation 
systems; various 
air filtering 
systems 

Various chemical 
processing 
operations; nuclear 
reactor 
applications 
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Advantages 

• Low initial cost 
• Simple process design 
• Handles high 

temperature and 
moisture gases 

• Can be fabricated for 
corrosive environments 

• Small space required 
• Not much water required 
• High dust-load capacity 

• Low initial cost 
• Simple design; no 

moving parts 
• Easily replaced 
• Hlgh dust loading 

capacity 

• Low pressure drop 
• Simple design; no 

moving parts 

Disadvantages 

• Low efficiency 
• Produces liquid waste 

stream 
• Poor submicron particle 

capture 
• High pressure drop 

• High operating and 
maintenance costs 

• Usually requires a mist 
eliminator 

• Not effective for 
submicron particles 

• Low efficiency 

• Low efficiency 
• Relatively high pressure 

drop 
• Spent filters become 

solid waste 

• Spent filters become 
solid wastes 

• Low efficiency for small 
particles 

Technically Feasible 

YES 

YES 

YES 

YES 



filters will resist all natural phenomena and plant upsets , and the anticipated 

decoutamination/cleaning solutions can be disposed of readily. 

The HEMF filter is a relatively new medium to the industry; it has been 

commercially available for about seven years. The primary supplier of HEMF filters, the 

Pall Coiporation, guarantees a removal efficiency of greater than 99. 99999 % at 0 .12 microns 

in a single HEMF filter stage. 

4.3.2.2 Ultra Low Penetration Air/Very Large Scale Integration Filter. Ultra low 

penetration air (ULP A)/very large scale integration (VLSI) filters have all of the physical 

characteristics of high efficiency particulate air (HEPA) filters (Section 4.3.2.3), but have 

higher particle removal efficiencies (99.995%-99.99999% at 0.12 microns). The filters at 

the high end of this range are the VLSI filters. The ULPA/VLSI filters have a higher 

pressure drop as a result of the higher efficiency. They are composed of a collection of 

randomly oriented fibers of varying diameters and lengths compressed together as mats. The 

filter is usually 10 - 20 mm thick and is pleated with separators between the folds so that a 

large filtering area can be placed into a relatively small module (Donovan 1987). 

The first ULP A/VLSI filters were made with extremely tight paper and produced 

efficiencies of greater than 99.9999% on 0.12 µm particles. The resistance to airflow was · 

extremely high, however, and use of the filters required a high energy input. In later years 

it was shown that efficiencies were far greater than 99. 9999 % . Efficiency was reduced to 

lower the resistance to airflow: the paper formulation was relaxed to the point of yielding 

consistent efficiency in the range of 99. 9995 % to 99. 9999 % on 0 .12 µm particles. As a 

result, the pressure drops are only slightly higher than the HEPA filters (Cadwell 1985). 

4.3.2.3 High Efficiency Particulate Air Filter. HEPA filters are commonly used for the 

removal of submicron particles. They are disposable, extended-medium, dry filters with a 

rigid casing enclosing the full depth of the pleats. They have a minimum particle removal 

efficiency of 99.95% for 0.3 µm thermally-generated, dioctylphthalate (DOP) particles, and a 
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maximum pressure drop of 1 inch water column (we) when clean and operated at rated 

airflow capacity. The core of the HEP A is generally made by pleating a continuous web of 

fiberglass paper back and forth over cormgated separators that add strength to the core and 

provide air passages between the pleats. The core is then sealed in a wood or metal casing 

(frame). The filter paper itself is composed of very fine (submicron) glass fibers in a matrix 

of larger (1 - 4 µm) fibers and held with an organic binder (Burchsted et al. 1976). 

The primary mechanisms for particle collection by HEP A filtration are diffusion 

and inertial impaction. The effectiveness of these mechanisms varies with particle size, 

airflow velocity through the medium, and particle density. At a constant air velocity, the 

diffusion mechanism predominates as particle size decreases; inertial impaction accounts for 

collection of larger particles. For a given particle size, the effectiveness of diffusion 

decreases and inertial collection increases as flow velocity increases. For a given particle 

__ -~- size and velocity, an increase in particle density decreases the effectiveness of diffusion and 

increases the effectiveness of the inertial effect (Allen 1989). 

·-- --~· -

To accommodate large airflows, multiple filters are arranged in banks. Filters 

are usually removed and replaced when the pressure drop across the filter reaches twice the 

clean filter pressure drop. The service •life of a HEPA filter depends upon the amount of 

particles in the offgas, and can be extended by removing larger particles in upstream 

emission controls. The costs of operating a HEPA filtration system are affected by energy, 

replacement filters , and labor; the frequency of changing the filters is the primary factor 

affecting these costs. HEPA filter failure could occur if the filter is exposed to high 

temperatures and pressures (EPA 1991). Further, excessive amounts of moisture, either 

from airborne droplets or condensation on the element, can completely plug the filter and 

result in failure by overpressure (Allen 1989). 

4.3.2.4 Deep Bed Sand Filter. The sand filters are deep beds (several feet thick) consisting 

of rock, gravel, and sand constructed in layers (of about 2 to 1 variation in granule size from 

layer to layer) . The flow ~s upward through ~~e bed with limited velocity, with the 
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granules/packing decreasing in size in the flow direction. Hollow tiles placed below the sand 

bed distribute the gas evenly throughout the bed. The larger granules remove most of the 

large particles, while the layers of finer sands provide high efficiency removal (99.95% at 

0.3 µm). 

4.3.2.S Deep Bed Glass Fiber Filter. Deep bed _glass fiber filters are deep beds (0.2 - 2.1 

m) of compacted fiberglass insulating wool contained in stainless steel boxes with perforated 

screens at the top and bottom. Different packing densities are used for each stage of the 

deep bed filter, with the low density packing stage at the gas inlet and the high density 

packing stage at the exit. Gas flows upward; the larger particles are removed at the low 

density stage, and the smaller particles at the high density stage (Battelle 1984). Removal 

efficiency of the deep bed glass fiber filter is about 99.9% for 0.3 µm particles. 

4.3.2.6 Fabric Filter (Baghouse). A fabric filter collector is comprised of many fabric 

bags that collect the entrained particles. Particle-laden gas is introduced into the baghouse 

and is directed through the cylindrical filter bag. The particles form a cake on the bags, 

which enhances removal effectiveness. The bags are cleaned based on predetermined 

intervals or pressure drop. The particles drop into a hopper at the bottom of the unit 

(Strauss 1975). Filter bags must be changed periodically; remote changing will be requii:_ed, 

because the fabric will be contaminated with radionuclides. This can be a technically 

difficult process. 

Baghouses are commonly used for removing fine dry particles; they are not 

suitable for applications in moist or wet environments. Wet aerosols will clog the filter 

fabric rather than allow the free flow of air. If fiberglass is used as the bag material, the 

maximum operating temperature for baghouses is 550 °F. Efficiencies of greater than 

99.5 % for 0.3 µm particles are possible. 

4.3.2.7 Electrostatic Precipitator. Electrostatic precipitators (ESPs) operate on the 

principle that a charged particle migrates in an electric field. ESPs use energized discharge 
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electrodes to produce a high voltage electric field between the discharge electrodes and 

grounded collection plates. Particles entering the ESP acquire a charge and migrate to the 

collecting plates. If the particles captured are in a liquid state, they flow down the plates and 

are collected at the bottom. If the particles are solid, they can be removed by automatically 

rapping the plates in a dry ESP and washing the plates in a wet ESP (Battelle 1984). 

ESPs are extremely effective at removing fine particles and aerosols. Removal 

efficiencies of 99 % and greater can be achieved for particles down to 0.12 µm. However, 

their use. in the nuclear industry is limited, because if a failure occurs, the gas stream travels 

completely through without removal of the radionuclide particles. 

4.3.2.8 Hydrosonic Scrubbers. Hydrosonic atomized scrubbers are wet scrubbing systems 

in which the energy for cleaning and pumping the contaminated gases is provided by the flow 

of steam or air from a supersonic ejector nozzle. The contaminated gas stream is drawn into 

"!. the device by the ejector nozzle, which is fitted with a water injection ring. The steam or air 

jet causes a violent shattering of water droplets and subsequent turbulent mixing of the gas 

and water in a converging section of piping. By this means, extremely fine particles are 

:!& captured on the drops. The gas then flows through a mixing tube where the drops 

:!':: agglomerate. Separation of the cleaned gas from the entrained liquid is accomplished in a 

low pressure drop cyclone. An efficiency of 99 % can be achieved for 0.12 µm particles. 

4.3.2.9 Packed Bed Scrubbers. Packed bed scrubbers are vertical towers filled with a 

packing material that provides a large surface area for the off gas to contact the scrubbing 

solution. The scrubbing solution flows down from the top of the tower through the packing, 

while the offgas moves up through the tower. Bed depth in packed countercurrent scrubbers 

is typically 0.6 - 1.8 m, but may be as much as 10 m. Gas velocities typically range 

between 0.9 - 1.8 m/s. Packed bed scrubbers are useful for collecting particles down to 3 -

5 µm in size. They are not capable of achieving a sufficiently high gas velocity to 

effectively remove particles smaller than 3 - 5 µm. However, a particle removal efficiency 

of 99% for particles greater than 2 µm is achievable. 
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The size of the packing material influences its ability to remove contaminants. 

Coarsely packed beds can remove coarse dusts and mists (10 µm and larger). Finely packed 

beds can remove smaller contaminants, but because of pressure drop considerations, the 

velocity throughout the bed must be kept relatively low (below 0.25 mis). The finely packed 

beds have a greater tendency to plug, so their applications are generally limited to gas 

streams with low grain loadings (Buonicore 1982). 

4.3.2.10 Perforated Plate Mist Eliminator. Perforated plate mist eliminators consist of 

two perforated metal sheets welded together and uniformly spaced a few thousandths of an 

inch apart. The perforations in the adjacent plates are off set so the air entering the holes 

must make two 90 • turns before it can exit. Moisture is removed by impingement of 

droplets on the water film flowing down between the plates and on the face of the first plate. 

Regular cleaning is required to maintain the unit's performance (Battelle 1984). 

The perforated plate mist eliminator is similar to a high efficiency mist eliminator 

(HEME) (Section 4. 3. 2 .11) in its efficiency for aerosol removal ( an efficiency of 99 % is 

achieved for particles between 1 and 10 µm). However, the packing has very tight 

tolerances; as a result, the perforated plate mist eliminator must be cleaned regularly to 

prevent fouling of the device. This limitation has induced most businesses to use the HEME, 

and many vendors have stopped marketing perforated plates (Regan 1990). 

4.3.2.11 High Efficiency Mist Eliminator. The HEME is composed of regenerable 

deep-bed fiber filters configured in an annular shape to remove submicron aerosols. Gas 

flows from the outside to the inside hollow core, from which the clean gas exits at the top 

and the collected liquid exits at the sealed bottom in a drain pipe. Various fibers and other 

construction materials can be selected for their resistance to attack by gas constituents. The 

HEMEs can be operated wet to allow simultaneous removal of both liquid and solid aerosols. 

Soluble particles become part of the liquid film. and drop to the drain, while the insoluble. 

particles lodge on the fiber and become physically bonded. Continuous or intermittent water 

spraying of the filter elements has been used to wash down and cleanse accumulated debris, 
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thus extending the service life of the devices; however, water soluble compounds can migrate 

through the filter and become reentrained (Battelle 1984) . 

HEMEs are commonly used to remove fine aerosols and exhibit removal 

efficiencies of up to 99% for aerosols ·smaller than 3 µm (Otto York 1991). They are 

passive devices with low maintenance requirements and high reliability. Disadvantages of 

the HEME include production of liquid wastes , production of solid waste (the spent demister 

material), potential upsets if air flow rates vary significantly , and high pressure drops across 

the HEME. 

4.3.2.12 Tray Tower. Tray towers utilize perforated plates, wire mesh, chevrons, and 

other media with an impingement baffle over each perforation. Gas comes in at the bottom 

of the tower and must pass through perforations in each plate before exiting from the top. 

The idea is to expand the surface area of the liquid by utilizing the gas stream' s kinetic 

energy. The gas flowing upward is divided into many small jets by the orifices and can 

obtain velocities of 4.6 - 6.1 mis. Each jet aspirates liquid from the blanket and creates a 

wetted surface on the baffle, located at the point of maximum jet velocity. The directed 

impingement on a wetted target dynamically precipitates particles and entraps them in the 

scrubbing liquid. On impingement, each jet forms minute gas bubbles which rise through 

and create turbulence in the liquid blanket. This provides extremely close gas-liquid contact 

for maximum cleaning. Continuous violent agitation of the blanket by the bubbles prevents 

settling of entrapped particles and flushes them away in the scrubbing liquid (Buonicore 

1982) . 

Overall collection efficiencies for a single plate may range from 90 - 98 % for 1 

µm particles. Pressure drops of 1 to 4 inches of water per plate are typical. Water 

requirements usually range from 3 - 5 gal/1000 ft3 of gas (Buonicore 1982). 

WHC(TBACT)/ l l -5-92/02958A 

4-23 



. 4.3.2.13 Ejector Venturi Scrubber. The ejector venturi scrubber (EVS) (also called a jet 

or eductor scrubber) ~tilizes a high-pressure spray nozzle that atomizes scrubbing liquid into 

droplets. The ejector venturi scrubber introduces the scrubbing water into the rear of the 

converging section of the venturi. The velocity of the sprayed water droplet~ creates a draft 

that draws the contaminated gas into the body. The water-laden gas is then accelerated 

through the throat section of the venturi and slightly into the diverging section where the 

majority of the particle capture takes place. Although the contact time is quite short, · the 

extreme turbulence in the venturi enhances particle-water contact. The gases are separated 

from the liquid in the separator located at the end of the diverging section. Three major 

activities of the ejector venturi scrubber include: (1) impaction of the particle by a larger, 

fast-moving water droplet, (2) retention of the particles by the water drop, and (3) removal 

of the water drop containing the particle from the air or gas stream. 

The ejector venturi scrubber has been used for many types of industrial emissions 

since the early 1960s (Goles et al. 1989). It has proven extremely useful for removing 

. particles larger than 1 µmin size. A removal efficiency of 90% is achieved for particles 

larger than 2 µm. The device is compact and requires little space, is easy to operate, and 

has few vulnerable internal components. The major peripheral equipment for the ejector 

venturi scrubbers includes a recirculation pump and a tank for storage of liquid. These units 

have a large water consumption compared to other scrubbers (50 - 100 gal per 1000 ft3 of 

gas handled). An advantage of the EVS is that it can accommodate wide variations in inlet 

gas volume, temperature, and composition. Because of this performance, process upsets 

should not significantly affect downstream processing conditions. 

4.3.2.14 Impingement and Entrainment Scrubbers. In these orifice-type scrubbers, the 

gas stream comes into contact with a pool of liquid at the entrance to a restriction. Liquid is 

entrained and carried into the restriction, where greater liquid-particle interaction occurs. 

This results in a high frequency of particle impaction on the droplets. Most of the water 

droplets are separated by gravity upon leaving the restriction since the gas velocity is 

reduced. Smaller droplets are removed by centrifugal force .and impingement on baffles 
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located in the upper part of the unit. Pressure drop typically ranges from 3 - IO inches of 

water; collection efficiencies usually range from 90 - 95 % . The main advantage of 

orifice-type systems is their ability to handle high dust concentration and high-solids-content 

slurries. 

4.3.2.15 Multiple Cyclones (Multiclones). A multiple cyclone separator consists of a 

number of small diameter cyclones which have a common gas inlet and outlet. The flow 

pattern differs from that of a conventional cyclone in that the gas enters at the top of the 

collecting tube and has a swirling action imparted to it by a stationary vane positioned in its 

path. The diameters of the collecting tubes usually range from 0.03 - 0.61 m. A removal 

efficiency of 90% is achieved for particles in the 5-10 µm range. 

4.3.2.16 Spray Towers. Spray to~ers are devices that collect particles on liquid droplets. 

--- A scrubbing liquid is sprayed into the chamber or tower. Spray nozzles are used to atomize 

- the liquid into small droplets. As the droplets fall to the bottom of the chamber, they collect . -

,_ .... __ 

particles from the gas. The gas enters the tower from the bottom and is scrubbed by the 

liqui~ drops as it flows upward. 

Spray towers typically have pressure drops in the range of 1 to 4 inches of water. 

Particle collection occurs primarily by impaction on water droplets. Spray towers are 

generally used as a precleaner for the removal of particles larger than 5 µm. Efficiency for 

removal of larger particles is 94 % (EPA 1973). 

4.3.2.17 Cyclonic Scrubber. Cyclonic scrubbers can vary from conventional cyclones 

equipped with water sprays to specifically designed multi-stage devices. Gases containing 

particles and aerosols are introduced into the device where they are contacted by water 

sprays; the resulting droplets are impacted by centrifugal force onto the cyclone walls. The 

scrubbing liquid and captured particles run down the walls and out the bottom of the 

scrubber (Battelle 1984). Removal efficiencies in the range of 80-90% are achieved for large 

particles. 
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4.3.2.18 Mechanically-Aided Scrubbers. MechanicallY.:aided scrubbers incoiporate a 

motor-driven device between the inlet and the outlet of the scrubber body. Usually, the 

motor-driven devices are fan blades used to move the air through the scrubber. Particles are 

collected by impaction upon the fan blades, while the gas is moved through the system. A 

liquid is introduced at the base of the rotating fan blades. It runs over the blades and collects 

the particles, and is then drained to a sump. Usually, the liquid for a mechanically-aided 

scrubber can be recirculated. The scrubbers require little· space and water; the rotor, 

however, is susceptible to erosion from large particles and abrasive dusts. Also, high-energy 

scrubbing applications usually require a mist eliminator, so the operating costs can be high. 

Particle removal efficiency for mechanically-aided scrubbers is good for particles larger than 

2 µm in diameter. 

4.3.2.19 Prefilter (Roughing Filter). Prefilters can be classified as either low (Group I), 

moderate (Group II), or high (Group III) efficiency filters. Group I filters are shallow, 

tray-like assemblies of coarse fibers or crimped metal mesh enclosed in a steel or cardboard 

casing. The filter medium is coated with a tacky oil or adhesive to improve retention of 

trapped particles. Group I panel filters have fairly high dust-holding capacity, high airflow 

capacity with low resistance, and high removal efficiency for large particles. Group II and 

m filters are extended medium, dry-type units. The medium is pleated or formed as bags to 

increase surface area. Group II filters are effective in removing > 5 µm particles, while 

Group m filters can filter even smaller particles. In a nuclear exhaust application, Group I 

and II panel filters are of limited value as prefilters because of their ineffectiveness against 

small particles (5 µm and less) and because they are rapidly plugged by lint and other fibrous 

materials. 

4.3.2.20 Mist Eliminator. Standard mist eliminators use impaction to capture mists and 

particles. The most common is a chevron-plate demister which consists of a series of 

corrugated or bent plates through which the gas flows, imparting the droplets onto the plate 

surfaces. Mist eliminators used for nuclear applications include knitted fabric and nonwoven · 

fiber mat demisters. In these applications, the demisters are usually made up of mu~tiple 
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cells consisting of coalescing layers (mat of knitted fabric) and draining layers (usually wire 

mesh) . All of these devices have increased removal efficiency at higher gas velocities, to a 

limit, at the expense of increased pressure drop (Battelle 1984). 

4.3.3 Evaluate Technical Feasibility 

The technical feasibility of each of the control technologies described above is 

evaluated for the VOG; the HEMF filter, HEPA filter, deep bed sand filter, deep bed glass 

fiber filter, fabric filter (baghouse), ESP, hydrosonic atomized scrubber, packed bed 

scrubber, perforated plate mist eliminator, HEME, tray tower, ejector venturi scrubber, 

impingement and entrainment scrubber, multiple cyclones, spray tower, cyclonic scrubber, 

mechanically-aided scrubber, prefilter, and standard mist eliminator are all technically 

· :: feasible particle/aerosol control technologies for the VOG. Technically infeasible 

::.::- particle/aerosol control technologies for the VOG system are the ULPA and VLSI filters, 

which do not meet the standards specified in AS:ME N509 Nuclear Power Plant Air Cleaning 

Units and Components and Hanford Plant Standards for High Efficiency Particulate Air 

Filters. Specifically, they do not meet military specification MIL-F-51068 (Flanders 1992). 

=:. Therefore, these two filters are dropped from further consideration. 
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5.0 CONTROL TECHNOLOGY HIERARCHY 

5.1 voe CONTROLS 

Four control technologies were found to be technically feasible for the control of 

VOCs. These are ranked according to their removal efficiencies in Table 5-1. 

Table 5-1. VOC Control Technology Hierarchy for the VOG. 

Removal Efficiency for 
Control Alternative Range of Control 2025E CTF 

Activated Carbon 95-99% 97% 
Adsoxption 

UV /Oxidation 95-99 % 97% 

Thermal Incineration 90-95 % 93% 

Condensation 75-85% 80% 

5.2 INORGANIC CONTROLS 

The only inorganic constituent to be controlled is ammonia. Only one control 

technology , absoxption, was found to be technically feasible for the control of ammonia. A 

_removal efficiency of 95 % is possible. 
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5.3 · PARTICLE AND AEROSOL CONTROLS 

Many technologies were found to be technically feasible for controlling particles and 

aerosols. These technologies are presented in Table 5-2, ranked according to removal 

efficiency. 

Table 5-2. Particle and Aerosol Control Technology 
Hierarchy for the VOG. 

Removal 
Range of Efficiency for Particle Size 

Technology Control 2025E CTF ( % ) (µm) 

HEMF Filter >99.99999 99.99999 0.12 

HEPA Filter 99.95-99.99 99.95 0.3 

Deep Bed Sand Filter 99.95 99.95 0.3 

Deep Bed Glass Fiber Filter 99.9 99.9 0.3 

Fabric Filter 99.5 99.5 0.3 

Hydro-Sonic Scrubber >99 99 0.12 

Electrostatic Precipitator >99 99 0.3 

Perforated Plate Mist <99 99 1 
Eliminator 

Packed Bed Scrubber <99 99 1 

HEME 97-99 99 3. 

Tray Tower 90-98 94 1 

Ejector Venturi Scrubber <90 <90 2 

Impingement & Entrainment <90 <90 2 
Scrubber 

Multiple Cyclones <90 <90 5 

Spray Tower <90 <90 5 

Mechanically-Aided Scrubber <80 <80 2 

Cyclonic Scrubber <80 <80 5 

Prefilter (Roughing Filter) <80 <80 5 

Standard Mist Eliminator <80 <80 5 
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6.0 ENVIRONMENTAL, ENERGY, AND ECON01\11C ANALYSIS 

This section constitutes the fourth and fifth steps of the T-BACT analysis. A separate 

T-BACT analysis must be prepared for the voe, inorganic vapor (ammonia), and aerosol 

emissions from the 2025E CTF. The most effective control technology is evaluated first, 

based on environmental, energy, and economic impacts . A detailed description of these 

impacts is provided below. If the impacts are determined to be too great, the technology is 

eliminated, and the next most effective technology is evaluated. This procedure is repeated 

until a technology is found that cannot be eliminated based on any of the aforementioned 

impacts. This technology is proposed as T-BACT. 

The environmental impact analysis considers secondary waste production, hazards due 

to construction of control equipment, and the health and safety of workers and the general 

public. In the analysis ,. solid, liquid, and gaseous discharges are identified and quantified for 

each technology considered. Any unusual hazards that may exist during the construction of 

the control equipment are also identified. 

The energy impact analysis considers whether new services, such as energy 

distribution systems, are required. To perform this analysis, the electrical needs are 

calculated for each control option considered (the electricity cost was assumed to be 

$0.04/kWh for this analysis) . Once the electrical needs are determined, the need for possible 

new services can be assessed. 

In the economic impact analysis , the cost of the control equipment (including design, 

development, construction, and operation) is estimated. The cost estimates presented in this 

report are rough-order-of-magnitude (ROM) costs based on informal discussions with a 

representative selection of equipment vendors, best engineering judgement, and cost 

estimation methods presented in Plant Design and Economics for Chemical Engineers (Peters 

and Timmerhaus 1980) . Actual costs of the control equipment may deviate from these cost 
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estimates substantially. However, the relative costs of the control equipment should. not 

change. These costs are adequate for comparing and selecting control equipment, but are not 

detailed enough to be used for any other purpose, such as budget estimates. Cost estimates 

are expressed in terms of both cost effectiveness and net present worth over the assumed 

project life (30 years). The cost effectiveness is defined as the dollars per ton of toxic 

compounds removed, calculated by dividing the am,uaH:red cost by the uncontrolled 

emissions minus the controlled emissions. The annualized cost is determined for both a 4% 

and a 10% annual interest rate. The cost effectiveness threshold is determined on a case-by

case basis by the Department of Ecology. 

6.1 VOLATILE ORGANIC COMPOUNDS 

This section will evaluate the environmental, energy, and economic impacts of each 

of the voe control technologies that were ranked in order of effectiveness in Section 5 .1. 

Table 6-1 presents a summary of these impacts. The evaluation will begin with the most 

effective VOC control as ranked in Section 5 .1. If the impacts of this technology are found . 

to . be too great, then the next most effective technology is evaluated. This is repeated until a 

technology is selected because its impacts are deemed reasonable. This t_echnology will then 

be considered T-BACT. 

6.1.1 Activated Carbon Adsorption 

This technology was described in detail in Section 4.1.2 and dete.qnined to be 

technically feasible. Activated carbon absorption has· a VOC removal efficiency of 97 % , and 

is ev~uated here for environmental, energy, and economic impacts. A diagram of an 

activated carbon adsorption unit is shown in Figure 6-1. 
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Table ~1. Summary of Environmental, Energy, and Economic Impacts for 
voe Removal. 

Activated 
Carbon UV/ Thermal 

Impacts Absorption Oxidation Incineration Condensation 

Environmental Impacts 

Solid Waste (ft3/yr) 13 10 

Liquid Waste (gal/hr) - 300 

Uncontrolled 7.6E-04 7.6E-04 7.6E-04 7.6E-04 
Emissions (lb/hr) 

Controlled Emissions 2.3E-05 2.3E-05 5.3E-05 1.SE-04 
(lb/hr) 

Energy Impacts 

-· Energy Required 4,100 6,150 8,0001 2,000 

--- (kWh/yr) 
-

Economic Impacts 

Net Present Worth $291,911 $8,497,890 $1,648,697 $121,518 
(30 yrs, 4%) 

.~ Net Present Worth $161,594 $6,270,132 $852,192 $86,164 
,,_. (30 yrs, 10%) ·=-

Cost Effectiveness $5 .1 million $149 million $30.3 million $2.6 million 
per ton removed (30 
yrs , 4%) 

Cost Effectiveness $5 .2 million $202 million $31.6 million $3.4 million 
per ton removed (30 
yrs, 10%) 

1/ The energy requirement for thermal incineration is reported in MMBtu/yr. 
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6.1.1.1 Environmental Impacts. This technology is capable of achieving a voe removal 

efficiency of 97% . At the 97% removal efficiency, 3.29 x 10-3 tons/yr of VOCs would be 

removed from the exhaust. 

Carbon adsorption units that would be implemented at 2025E CTF would not be 

regenerated due to the presence of .radionuclides which would be released during 

regeneration. This means that disposal and replacement of the units will be necessary. The 

total volume of spent carbon gene.rated per year is estimated at 13 ft'. This spent carbon 

may be designated as .radioactive mixed waste (RMW) and will need to be disposed of 

properly at the Hanford Site. The costs of this disposal are included in the economic impact 

analysis. 

6.1.1.2 Energy Impacts. The pressure drop through the carbon absorption bed is 4 inches 

we. The energy requirement for the carbon beds as a result of this pressure drop is 4,100 

kWh/yr. This energy requirement does not pose any adverse impacts to implementation of 

the carbon beds. 

6.1.1.3 Economic Impacts. The ROM cost estimate for the activated carbon adsorption 

alternative is presented in Table 6-2. This cost estimates assumes a flow.rate of 37 cfm. The 

cost effectiveness of the activated carbon alternative for VOC removal at an interest rate of 

4% is $5.1 million/ton removed. At a 10% interest rate, the cost effectiveness is $5 .2 

million/ton removed. The net present worth of the activated carbon filter is $291 ,911 at an 

interest rate of 4% , and $161,594 at a 10% interest rate. 

6.1.1.4 Summary. The environmental and energy impacts of activated carbon adsorption 

are acceptable, but high economic impacts ($5 .1 million/ton removed) preclude this 

technology from selection as T-BACT for voe removal. 
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Table 6-2. Cost Summary for Activated Carbon Adsmption. 

Item 

Capital Com 

Equipment Costs ( one unit)" 

·1nsta11ation (50 % of Total Equipment Cost) 

Instrumentation & Controls (30% of Total Equipment Cost) 

Piping (30 % of Total Equipment Cost) 

Engineering & Supervision (30 % of Total Equipment Cost) 

Subtotal 

Contingency (15 % of Subtotal) 

Start up (10 % of Subtotal) 

Total Capital Cost 

Operating & Maintenance Costs 

Raw Materials (annual replacement of spent filters) 

Disposal of Spent Materials (13 ft3 @ $299.65/ft3)2' 

Operating Labor (0.5 hr/day x $50/hr x 360 day/yr) 

Supervisory and Clerical Labor (15 % of Operating Labor) 

Electricity (4,100 kWh/yr x $0.04/kWh)31 

Maintenance and Repairs (20% of Equipment Cost) 

Total Operating & Maintenance Cost 

Net Present Worth (i=4%) 

Net Present Worth (i=10%) 

Annualized Cost (4%, 30 yrs) 

Annualized Cost (10% , 30 yrs) 

1/ Estimate from Ken Brown, Flanders Filters, Inc. 

Cost 

$1 ,800 

$900 

$540 

$540 

$540 

$4,320 

$648 

$432 

$5,400 

$1,800 

$3,895 

$9,000 

$1,350 

$164 

$360 

$16,569 

$291,911 

$161,594 

$16,881 

$17,142 

2/ Es~ated based on information in Flanders engineering design brochure. 
3/ Total kWh estimated based on typical pressure drop through carbon beds at 37 cfm. 
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6.1.2 UV/Oxidation 

UV/ Oxidation was described in detail in Section 4 .1. 2 and was determined to be 

technically feasible, with a VOC destruction efficiency of 97 % . It is evaluated here for 

environmental, energy, and economic impacts. A diagram of a UV /Oxidation unit is 

presented in Figure 6-2. 

6.1.2.1 Environmental Impacts . Like activated carbon adsorption, UV/oxidation is 

capable of removing 97% of the voes in the VOG. At the 97% removal efficiency, 3.29 x 

10-3 tons/yr of voes would be removed. 

The complex design of these systems involves activated carbon adsorption units in 

parallel that are regularly regenerated with the chemical oxidant used in the UV light 

reactions. Pilot-scale and prototype testing would be necessary to evaluate the behavior of 

: ,. the radionuclides before any actual design could be drawn up , were this technology chosen as 

T-BACT. The carbon beds would require replacement about once every 5 years , producing 

50 ft' of RMW. This waste would require proper disposal at the Hanford Site. The costs of 

-~ this disposal are included in the economic impact analysis. 

·· 6.1.2.2 Energy Impacts . The amount of energy required for such a system depends on the 

actual design details , but it is estimated that the energy needs would be about 50% above the 

requirement of the activated carbon adsorption alternative (6 ,150 kWh/yr) . This energy 

could easily be supplied; thus , this technology would not cause any adverse energy impact. 

6.1.2.3 Economic Impacts. The ROM cost estimate for the UV/oxidation unit is presented 

in Table 6-3 . This cost estimate assumes a flow rate of 37 cfm. The cost effectiveness of 

the UV/oxidation alternative for voe removal at an interest rate of 4% is $149 million/ton 

removed. At a 10 % interest rate, the cost effectiveness is $202 million/ton removed. The 

net present worth of the UV/oxidation unit is $8 ,497 ,890 at an interest rate of 4% , and 

$6,270,132 at a 10% interest rate . 
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Table 6-3. Cost Summary for UV/Oxidation. 

Item 

Capital Costs 

Equipment Costs (includes all components)1
' 

Installation (50 % of Total Equipment Cost) 

Instrumentation & Controls (30 % of Total Equipment Cost) 

Piping (30% of Total Equipment Cost) 

Engineering & Supervision (30 % of Total Equipment Cost) 

Subtotal 

Contingency (15 % of Subtotal) 

Start up (10% of Subtotal) 

Total Capital Cost 

Operating & Maintenance Costs 

Raw Materials (carbon filter replacement every 5 y~s) 

Disposal of Spent Materials (50 ft3 /5 yrs @ $299.65/ft')2
' 

Operating Labor (1 hr/day x $50/hr x 360 day/yr) 

Supervisory and Clerical Labor (15 % of Operating Labor) 

Electricity (6,150 kWh/yr x $0.04 kWh)31 

Maintenance and Repairs (30% of Equipment Cost) 

Total Operating and Maintenance Cost 

Net Present Worth (i=4%) 

Net Present Worth (i=10%) 

Annualized Cost ( 4 % , 30 yrs) 

Annualized Cost ( 10 % , 30 yrs) 

1/ Estimate from VM Technology 
2/ Estimated based on information in Shugarman 1991. 
3/ Total kWh estimated based on carbon adsorption estimate. 
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Cost 

$1 ,200,000 

$600,000 

$360,000 

$360,000 

$360,000 
$2,880,000 

$432,000 

$288,000 
$3 ,600,000 

$20,000 

$3 ,000 

$18,000 

$2,700 

$246 

$240,000 

$283,246 

$8,497,890 

$6,270,132 

$491 ,435 

$665 ,132 



6.1.2.4 Summary. The environmental and energy impacts of the UV/oxidation unit are 

acceptable, but high economic impacts ($149 million/ton removed) preclude this technology 

from selection as T-BAeT for voe removal. 

6.1.3 Thermal Incineration 

Thermal incineration was described in detail in Section 4 .1 . 2 and was determined to 

be technically feasible. It has a destruction efficiency of 93 % , and is evaluated here for 

environmental, energy, and economic impacts. Figure 6-3 shows a thermal incinerator. 

6.1.3.1 Environmental Impacts. This technology is capable of achieving a voe removal 

efficiency of 93%. A total of 3.15 x 10-3 tons/yr would be removed at the 93% removal 

efficiency. 

Supplemental fuel will be burned in the thermal incinerator due to the low voe 

loadings. The air emissions resulting from the combustion of supplemental fuel will result in 

an impact on the environment. Although the impact woulp be minimal, it would have to be 

estimated and shown to be below ambient air quality standards in. order to permit the 

incinerator. 

6.1.3.2 Energy Impacts. The thermal incinerator is estimated to require 8,000 MMBtu/yr 

of natural gas, which would have to be supplied to the site by a tanker truck or a pipeline. 

6.1.3.3 Economic Impacts. The ROM cost estimate for the thermal incinerator is 

presented in Table 6-4. This cost estimate assumes a flow rate of 37 cfm. The cost 

effectiveness of the thermal incinerator for voe removal at an interest rate of 4% is $30.3 

million/ton removed. At a IO% interest rate, the cost effectiveness is $31. 6 million/ton 
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Table 6-4. Thermal Incinerator ROM Capital and Operating Costs for the VOG. 

Item 

Capital Costs 

Equipment Costs (one thermal incinerator)11 

Installation (50% of equipment costs) 

Instrumentation and Controls (30% of equipment) 

Piping (30 % of equipment costs) 

Engineering & Supervision (30 % of equipment) 

Subtotal 

Contingency (15 % of subtotal) 

Start up (10% of subtotal) 

Total Capital Cost 

Operating & Maintenance Costs 

Operating Labor (1 hr/day x $50/hr x 360 day/yr) 

Supervisory and Clerical Labor (15 % of operating labor) 

Energy Costs (8,000 MMBtu x $8.00/MMBtu)21 

Maintenance and Repairs (20% of equipment cost) 

Total Operating & Maintenance Cost 

Net Present Worth (i = 4% ) 

Net Present Worth (i = 10 % ) 

Annualized Cost ( 4 % , 30 yrs) 

Annualized Cost ( 10 % , 30 yrs) 

I/ Estimate from Epcon Industrial Systems, Inc. 
2/ Best Engineering Judgement 
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Cost 

$28,500 

$14,250 

$8,550 

$8,550 

$8,550 

$68,400 

$10,260 

$6,840 

$85,500 

$18,000 

$2,700 

$64,000 

$5,700 

$90,400 

$1,648,697 

$852,192 

$95,344 

$99,470 
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removed. The net present worth of the thermal incinerator is $1 ,648 ,697 at an interest rate 

of 4%, and $852,192 at a 10% interest rate. 

6.1.3.4 Summary. The environmental and energy impacts of the thermal incinerator are 

acceptable, but high economic impacts ($30.3 million/ton removed) preclude this technology 

from selection as T-BACT for VOC removal. 

6.1.4 Condensation 

Condensation was determined to be technically feasible. A finned tube heat 

exchanger will be used to condense the vapors. This technology has a removal efficiency of 

80 % , and is evaluated here for environmental, energy, and economic impacts. A diagram of 

a condensation unit is shown in Figure 6-4. 

6.1.4.1 Environmental Impacts. Condensation is capable of achieving a VOC removal 

efficiency of 80 % . At the 80 % removal efficiency , 2. 71 x 10-3 tons/yr of VOCs would be 

removed. 

This technology produces liquid effluent that would be contaminated with VOCs, 

inorganics, and radionuclides. This effluent water would most likely be drained and 

reprocessed through the 2025E CTF. No unusual hazards are expected during the 

installation of this technology . The radiation exposure to workers should be minimal if this 

control equipment is used. 

6.1.4.2 Energy Impacts . The energy requirements were estimated to ~ 2,000 kWh/yr, 

which could easily be supplied. This technology would not cause any adverse energy impact. 
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Figure 6-4. Condensation Unit. 
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6.1.4.3 Economic Impacts. The ROM cost estimate for the condensation alternative is 

presented in Table 6-5. This cost estimate assumes a flow rate of 37 cfm. The cost 

effectiveness of the condensing unit for voe removal at an interest rate of 4% is $2.6 

million/ton removed. At a 10% interest rate, the cost effectiveness is $3.4 million/ton 

removed. The net present worth of the unit is $121,518 at an interest rate of 4%, and 

$86,164 at a 10% interest rate. 

6.1.4.4 Summary. The environmental and energy impacts of the condensing unit are 

acceptable; however, high economic impacts ($2.6 million/ton removed) preclude this 

technology from selection as T-BAeT for voe removal. 

6.1.S T-BACT Determination 

"No controls" is proposed as T-BAeT for voes in the VOG. Virtually all of the 

voes will be destroyed in the eTF during the UV/oxidation stage, leaving a very small 

· amount to become airborne in the off gas. Therefore, since VOCs are destroyed in the water 

treatment phase, T-BAeT for offgas voe controls is not necessary. The modeled ambient 

air concentrations of the voes are well below the ASILs (see Section 7). 

6.2 INORGANIC VAPORS (AMM:ONIA) 

. This section will evaluate the environmental, energy, and economic impacts of the 

ammonia control technologies found to be technically feasible in Section 4 and ranked in 

Section 5. 
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Table 6-S. Condensation ROM Capital and Operating Costs for the VOG. 

Item 

Capital Costs 

Equipment Costs (one heat exchanger)1
' 

Installation (50 % of Total Equipment Cost) 

Instrumentation & Controls (30 % of Total Equipment Cost) 

Piping (30% of Total Equipment Cost) 

Engineering & Supervision (30% of Total Equipment Cost) 

Subtotal 

Contingency (15 % of Subtotal) 

Start up (10% of Subtotal) 

Total Capital Cost 

Operating & Maintenance Costs 

Operating Labor (0.5 hr/day X $50/hr X 52 day/yr) 

Supervisory and Clerical Labor (15 % of Operating Labor) 

Electricity (2,000 kWh/yr X $0.04/kWh) 11 

Maintenance and Repairs (20% of Equipment Cost) 

Total Operating & Maintenance Cost 

Net Present Worth (i=4%) 

Net Present Worth (i=l0%) 

Annualized Cost ( 4 % , 30 yrs) 

Annualized Cost ( 10 % , 30 yrs) 

1/ Estimate from Niro Hudson, Inc . 
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Cost 

$14,600 

$7,300 

$4,380 

$4,380 

$4,380 

$35,040 

$5,250 

~3,500 

$43,790 

$1,300 

$195 

$80 

$2,920 

$4,495 

$121,518 

$86,164 

$7,027 

$9,140 

7 . 
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6.2.1 Absorption 

The absorption technology considered in this analysis is a packed bed tower. This 

technology was described in Section 4.1.2 and was determined to be technically feasible. A 

diagram of a packed tower adsorption system is presented in Figure 6-5. 

6.2.1.1 Environmental Impacts. This technology is capable of achieving an ammonia 

removal efficiency of 95% . At the 95% removal efficiency, 1.16 x 10-3 tons/yr of ammonia 

would be removed. 

Absorption using a packed bed tower produces a liquid waste contaminated with 

inorganics and radionuclides, malting it a radioactive mixed waste. This liquid waste stream, 

which is expected to be produced at approximately 17.8 Umin (4.7 gal/min) could be 

drained and then reprocessed through the 2025E CTF facility. 

No unusual hazards are expected during the installation of a packed bed adsorber. In 

addition, the absorber requires minimal maintenance, since it contains no moving parts. 

Therefore, the radiation exposure to workers should be minimitl if this control equipment is 

- used. 

6.2.1.2 Energy Impacts. The annual energy requirements were estimated by Heat Systems, 

Inc., a wet scrubber vendor, to be 65 ,000 kWh/yr. This energy could easily be supplied; 

therefore, this technology would not cause any adverse energy impact. 

6.2.1.3 Economic Impacts. The ROM cost estimate for the packed bed tower is presented 

in Table 6-6. This cost estimate was based on a quote from Heat Systems and assumes a 

flow rate of 37 cfm. The cost effectiveness of the packed bed tower for ammonia removal at 

an interest rate of 4% is $12,773,276/ton removed and $13,397,579/ton removed at a 10% 

interest rate. The net present worth of the packed bed tower is $256,223 at an interest rate 

of 4% and $146,505 at a 10% interest rate. 
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Table 6-6. Packed Absorption Tower ROM Capital and Operating 
Costs for the VOG. 

Item 

Capital Costs 

Equipment Costs (one packed absorption tower@ 37 cfm)11 

Installation (50% of Total Equipment Cost) 

Instrumentation & Controls (30 % of Total Equipment Cost) 

Piping (30% of Total Equipment Cost) 

Engineering & Supervision (30 % of Total Equipment Cost) 

Subtotal 

Contingency (15 % of Subtotal) 

Start up (10% of Subtotal) 

Total Capital Cost 

Operating & Maintenance Costs 

Operating Labor (1 hr/day X $50/hr X 360 day/yr)21 

Supervisory and Clerical Labor (15 % of Operating Labor) 

Electricity (65,000 kWh/yr x $0.04/kWh)11 

Maintenance and Repairs (20 % of Equipment Cost) 

Total Operating & Maintenance Cost 

Net Present Worth (i=4%) 

Net Present Worth (i= 10%) 

Annualized Cost (4%, 30 yrs) 

Annualized Cost (10%, 30 yrs) 

1/ Estimate from Heat Systems, Inc. 
2/ Best Engineering Judgement 
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Cost 

$5,000 

$2,500 

$1,500 

$1,500 

$1,500 

$12,000 

$1,300 

$1,200 

$15,000 

$9,000 

$1,350 

$2,600 

$1,000 

$13,950 

$256,223 

$146,505 

$14,817 

$15,541 



6.2.1.4 Summary. The environmental and energy impacts of this control technology are 

acceptable. However, the economic impacts ($14,606 ,875/ton removed) are too great. 

Therefore, absorption is not proposed as T-BACT. 

6.2.2 T-BACT Determination 

"No controls" is proposed as T-BACT for ammonia in the VOG. The uncontrolled 

emissions of ammonia (1. 11 kg/yr) are far below the small quantity emission rate of 2,383.5 

kg/yr. In addition, the modeled ambient concentration of ammonia is well below the ASIL 

(see Section 7). 

6.3 PARTICLES/AEROSOLS 

This section will evaluate the environmental, energy, and economic impacts of the 

particle/aerosol control technologies that were ranked in order of effectiveness in Section 5.3. 

The evaluation will begin with the most effective control as ranked in Section 5. 3. If the 

impacts are found to be too great, then the next most effective technology is evaluated. This 

is repeated until a technology is selected because its impacts are found to be reasonable. 

This technology will then be considered T-BACT. The impacts are summarized in 

Table 6-7. 

6.3.1 High Efficiency Metal Fiber (HEMF) Filters 

This technology was described in detail in Section 4.3.2.1 and was determined to be 

technically feasible . The HEMF filters have the highest particle removal efficiency 

(>99.99999% for 0.12 µm particles) of all the control options. Two sets of HEMF filter 
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Table 6-7. Summary of Environmental, Energy, and Economic Impacts 
for Particle/ Aerosol Control. 

Impact 

Environmental Impacts 

Waste Produced 

Uncontrolled Release (tons/yr) 

Controlled Release (tons/yr) 

Energy Impacts 

Electricity Required (kWh/yr) 

NET PRESENT WORTII 
(n=30 yrs, i=4%) 

NET PRESENT WORTII 
(n=30 yrs, i=10%) 

Cost/ton removed (i =4 % ) 

Cost/ton removed (i = 10 % ) 

WHC(TBACT)/11-5-92/02958A 

HEMF 

15 gal/yr 

3.38E-01 

3.38E-08 

83 ,300 

$21 ,883 ,280 

$16,541,171 

$3,744,126 

$5,191,354 
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Filter 

HEPA 

24 ft'/yr 

3.38E-01 

l.69E-07 

83,300 

$641 ,871 

$432,007 

$109,821 

$135,583 
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units placed in parallel downstream from the VOG and the HV AC stream intersection is 

assumed for potential implementation. HEMF filters are not currently certified for use as a 

primary filtration device in the nuclear industry. However, the Westinghouse Hanford 

Company is in the process of getting these filters certified. A diagram of the HEMF filter is 

included in Figure 6-6. This technology is evaluated here for environmental, energy, and 

economic impacts. 

6.3.1.1 Environmental Impacts. This technology is capable of achieving a particle/aerosol 

removal efficiency of 99. 99999 % for O .12 µm particles. At this removal efficiency, a total 

of 3.38 x 10-1 tons/yr of toxic aerosols would be removed. 

HEMF filters must be cleaned approximately every two years, producing a radioactive 

mixed waste (cleaning solution) stream expected to amount to approximately 114 L (30 gal) 

per cleaning, or about 57 I.lyr (15 gal/yr). This waste could be drained and then 

reprocessed through the 2025E CTF. 

No unusual hazards are expected-during the installation of the HEMF filters, which 

can be cleaned remotely. Since the HEPA filters (Section 6.3.2) must be replaced regularly, 

the radiation exposure to workers would be less with the use of HEMF filters. 

6.3.1.2 Energy Impacts. The HEMF filters have an average pressure drop of 2 inches wc 

per filter; the annual electricity consumption is 83 ,300 kWh/yr. This energy could easily be 

supplied. Therefore, this technology would not cause any adverse energy impact. 

6.3.1.3 Economic Impacts. The ROM cost analysis for the HEMF filters is presented in 

Table 6-8 . The cost estimate assumes a flow rate of 30,722 cfm. The cost effectiveness of 

the HEMF filters at an interest rate of 4% is $3,744,126 per ton removed; at a 10% interest 

rate, the cost effectiveness is $5,191,354 per ton removed. The net present worth of the 

HEMF filters is $21,883,280 at an interest rate of 4% and $16,541,171 at a 10% interest 
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Table 6-8. HEMF Filter ROM Capital_ and Operating Costs for the VOG. 

Item 

Capital Costs · 

Total Equipment Cost ($55/cfm@ 30,722 cfm)11 

Installation (50 % of Total Equipment Cost) 

Instrumentation & Controls (30 % of Total Equipment Cost) 

Piping (30% of Total Equipment Cost) 

Engineering & Supervision (30 % of Total Equipment Cost) 

Subtotal 

Contingency (15 % of Subtotal) 

Start up (10% of Subtotal) 

Total Capital Cost 

Operating & Maintenance Costs 

Electricity (83,300 kWh@ $0.04/kWh) 

Maintenance & Repairs (20% of Total Equipment Cost) 

Total Operating & Maintenance Cost ($/yr) 

Net Present Worth (i=4%) 

Net Present Worth (i= 10%) 

Annualized Cost (i =4 % ) 

Annualized Cost (i = 10 % ) 

1/ Estimate from Tom Roeske (representative for Pall Corporation) 

WHC(TBACT)/l 1-5-92/02958A 

6-24 

Cost 

$3,379,420 

$1,689,710 

$1,013,826 

$1,013,826 

$1,013,826 

$8,110,608 

$1,216,591 

$811,061 

$10,138,260 

$3,333 

$675,884 

$679,217 

$21,883,280 

$16,541,171 

$1,265,515 

$1,754,678 
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rate. This analysis does not consider the cost to obtain certification for use in the nuclear 

industry, which has ·not been obtained. 

6.3.1.4 Summary. The environmental and energy impacts of this control technology are 

acceptable. However, the economic impact ($3,744,126 per ton removed) is too high. 

Therefore, HEMF filters are not proposed at T-BACT. 

6.3.2 High Efficiency Particulate Air (HEPA) Filters 

This technology was described in detail in Section 4.3.2.2 and was determined to be 

technically feasible. HEP A filters have the second highest particle removal efficiency 

(99.95%). A first HEPA filter plenum will be placed in the VOG followed by two plenums 

of HEP A filters and a standby plenum placed in parallel downstream from where the VO~ 

intersects with the HV AC · stream. These filters are certified for use as a primary filtration 

device and are used extensively in the nuclear industry. A diagram of a HEP A filter is 

included in Figure 6-7. This technology is evaluated here for environmental, energy, and 

economic impacts. 

6.3.2.1 Environmental Impacts. With the HEPA filters arranged in series as described 

above, they are capable of achieving a particle/aerosol removal efficiency of 99.99995 % for 

0.3 µm particles. At this removal efficiency, 3.38 x 10·1 tons/yr of toxic aerosols would be 

removed. 

It is assumed that the HEP A filters will require replacement every two years, 

producing a solid radioactive mixed waste (spent filters), which is expected to amount to 

approximately 12 ft'/yr. This waste would require disposal in a facility which accepts 

radioactive mixed waste. No unusual haz.ards are expected during the installation of the 

HEPA filters. 

WHC(fBACT)/ l l-5-92/02958A 

6-25 



24" 

. ·: ·. · 
.· .. =: .- . . _. 

. . 

Filter Media 

Figure 6-7. HEP A Filter. 
6-26 

. · . . 
I f 
I ; 



6.3.2.2 Energy Impacts. A first HEPA filter plenum followed by two HEPA filter 

plenums and a backup HEP A filter plenum in parallel will be needed for the VOG. One 

HEPA plenum has an average pressure drop of 1 inch wc. The annual electricity 

consumption of the HEPA filters is 2,050 kWh/yr. This energy could easily be supplied; 

therefore, this technology would not cause any adverse energy impact. 

6.3.2.3 Economic Impacts. The ROM cost estimate for HEPA filters is presented in 

Table 6-9. This cost estimate assumes a flow of 3 7 cfm for the first plenum and a flow of 

30,722 cfm for the second plenum. The cost effectiveness of the HEPA filters at an interest 

rate of 4% is $109,821 per ton removed. At a 10% interest rate, the cost effectiveness is 

$135,583 per ton removed. The net present worth of the HEPA filters is $641,871 at an 

interest rate of 4%, and $432,007 at a 10% interest rate. 

6.3.2.4 Summary. The environmental, and energy impacts of the HEPA filters are 

acceptable, but the economic impact is too high ($109,821 per ton of VOCs removed) to 

declare HEPA filters as T-BACT. However, HEPA filters are required under DOE order 

6430. lA, and are therefore included in the design and will be implemented. These filters are 

7. approved and certified for use in the nuclear industry and are readily available. 
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Table 6-9. HEPA Filters ROM Capital and Operating Costs for the VOG. 

Item 

Capital Costs 

Equipment Costs 

Filter Cost11 

Filter Housing Cost11 

Total Equipment Cost 

Installation (50 % of Total Equipment Cost) 

Instrumentation & Controls (30 % of Total Equipment Cost) 

Engineering & Supervision (30 % of Total Equipment Cost) 

Subtotal 

Contingency (15 % of Subtotal) 

Start up (10% of Subtotal) 

Total Capital Cost 

Operating & Maintenance Costs 

Replacement of Used Filters (once every two years) 

Operating Labor ($100/filter once every two years) 

Supervisory & Clerical Labor (15 % of Operating Labor) 

Disposal of Spent Materials (12 ft3 @ $299.65/ft3)2' 

Electricity (83,300 kW-hrs @ $0.04/kW-hr) 

Maintenance & Repairs (20% of Total Equipment Cost) 

Total Operating &_ Maintenance Cost ($/yr) 

Net Present Worth (i=4%) 

Net Present worth (i = 10 % ) 

Annualized Cost (i=4%) 

Annualized Cost (i = 10 % ) 

1/ Ken Brown (representative for Flanders Filters) 
2/ Department of Energy 
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Cost 

$6,250 

$62,500 

$68,750 

$34,375 

$20,625 

$20,62~ 

$144,375 

$21,656 

$14.438 

$180,469 

$3,125 

$2,500 

$375 

$3,600 

$3,333 

$13,750 

$26,683 

$641,871 

$432,007 

$37,120 

$45,827 
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7.0 AIR QUALITY IMPACT ANALYSIS 

Maximum off-site concentrations resulting from emissions from the 2025E CTF were 

calculated following guidance provided by EPA for the determination of concentrations of 

nonreactive pollutants in a regulatory setting (EPA 1987a). The emissions were modeled 

using EPA's SCREEN model. The modeling methodology, emissions, meteorological data, 

and results are discussed below . 

. 7.1 MODELING METHODOWGIES 

Terrain in the immediate vicinity of the facility is very level and will not influence the 

concentrations. Although Rattlesnake Mountain, to the southwest of the proposed facility, 

rises to a height of 1067 m, most of the Hanford Site is relatively flat . Because the plume is 

initially very near to the ground and because of the gi:eat distances to the reservation 

boundaries, it is reasonable to assume that the plume will follow the terrain as it is 

transported downwind. Therefore, the modeling was performed assuming that the terrain 

surrounding the facility is level. 

The emissions were modeled with the following physical parameters: 

Release height: 

Release diameter: 

Exit temperature: 

Exit velocity : 

10m 

1.5 m 

60°C 

8.272 mis 

The facility will emit a number of compounds. Rather than run the model for each 

chemical being evaluated, the model was run once with an emission rate of 1.00 g/s. The 

resulting values are referred to as dispersion factors. Concentrations are directly 

proportional to the emissions rate . Therefore , the actual emissions rate multiplied by the 
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dispersion factor will equal the actual concentration of the contaminant at the specified point 

downwind. -

7.2 CALCULATED DISPERSION FACTORS 

Maximum on-site and off-site concentrations were calculated from the emissions data. 

The maximum 24-hour and annual average dispersion factors are presented in Table 7-1. 

7.3 MODEL RESULTS 

Maximum air pollution concentrations were predicted using the input data and 

methods described above. The 2025E CTF was modeled individually to determine total air 

quality impacts. The results and a listing of the state air toxics standards are shown in 

Table 7-2. All toxic releases from the proposed 2025E treatment facility are below the 

ASILs set by the state toxic regulations (Ecology 1991). 
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Table 7-1. Maximum Calculated Dispersion Factors. 

Receptor 

24-Hour Average Impact 

Location from Facility 

Annual Average Impact 

Location from Facility 

On-site 

20.8511 

172 m, 2700 

s.213 11 

172 m, 270° 

1/ Based on unit release rate, value is ambient concentration in µ,g/m3
• 
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Off-site 

3.18811 

19 .5 km, 270° 

0. 79711 

19.5 km, 270° 



Table 7-2. Modeled Ground Concentrations. 

Acceptable Source Impact Level On-site 24-hr 
Total Annual Modeled 
Release After Annual 24-hour Ground 

Abatement Average Average Concentrations 
Contaminants (kg/yr) (p.g/m3) (p.g/m3) (p.g/m3) 

ORGANIC 

1-Butanol 3.29E--03 4.99E+02 2. ISE--06 

Acetone 9.60E--03 5 .93E--03 6.35E--06 

Chloroform 2.14E-04 4 .3E--02 

Methylene 5.26E--02 2.00E+OO 
Chloride 

MIBK 8.22E--06 6 .83E+02 5.44E--09 

Tributyl 5.25E--06 8.30E+OO 3.47E--09 
Phosphate 

Others 3 .0IE+OO l.67E+0I 1.99£-03 
(VOCs) 1

' 

INORGANIC 

Ammonia l.llE+OO 5.99E+0l 7.34E--04 

1/ Out of the "others, " dibutylphosphate had the lowest ASIL (l.67E+0l) and was used here. 
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Off-site Annual 
Modeled 
Ground 

Concentrations 
(p.g/m3) . 

5.41E--09 

l.33E--06 
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B.1.1 Activated Carbon Adsorption 

Pollutants Controlled: 

voes 

Process Description: 

Activated carbon is produced by making charcoal from coconut, nut shell, wood, coal, or 
petroleum sludge. The charcoal is activated by burning out the charred substance to form 
numerous honeycomb-like internal surfaces that contain a vast amount of surface area to 
adsorb and hold contaminants. The VOC contaminated air streams are passed through a 
column packed with activated carbon. The adsorption is a physical phenomenon whereby 
VOC molecules are trapped and held by the internal submicroscopic structure consisting of 
tiny capillary passages not greatly larger than the size of the molecules that are adsorbed. 
The size and thickness of the carbon bed depends on the gas exit velocity. As the carbon 
bed becomes saturated with VOCs, it is usually regenerated by steam washing. 

Current Am,lications: 

• Off-gases containing VOCs, particularly aromatic hydrocarbons, PAHs, and long 
chain hydrocarbons 

Design Characteristics/Performance: 

• Maximum operating temperature of about 150 °C 
• High removal efficiencies (up to 99 % for concentrations above 500 ppmv) 

System Advantages: 

• Inexpensive 
• Adaptable to high gas flow rates 
• Simple design 
• Constant pressure drop 
• Accommodates variable loading 

System Disadvantages: 

• Potential spontaneous ignition in the presence of NOx 
• Sensitive to high temperatures ( > 150 °C) 
• Ketones, alcohols, and other polar compounds are not as effectively removed 

References: 

Casill and Laznow 1991, Mcinnes et al . 1990, Shugannan 1991 
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B.1.2 UV/Oxidation 

Pollutants Controlled: 

I· VQCs 
I 

Process Description: 

UV/Oxidation is a process in which contaminants are exposed to UV light and a chemical . 
oxidant, usually ozone or hydrogen peroxide. The strongly oxidizing environment degrades 
organic compounds. With adequate exposure, the contaminants are degraded to carbon 
dioxide, water, and inorganic ions such as chloride. Heavy metal complexes may be 
oxidized to metal oxides/hydroxides. The gas stream is directed to carbon beds that further 
reduce the organic concentration. These beds are regenerated continuously by means of 
flushing with the chemical oxidant. This allows for an extended lifetime of the carbon beds. 

Current Am,lications: 

• Destruction of VOCs and P AHs in large scale paint booths and coating operations 

Design Characteristics/Performance: 

• Complete systems.usually include a photolytic reactor, water flow scrubber, 
coalescer, and two parallel carbon adsorption units 

• Destruction efficiencies between 95 and 99 % . 

System Advantages: 

• Destroys organic compounds rather than just capturing them 
• Effective in treating essentially all organic compounds 

System Disadvantages: 

• Systems include a carbon adsorption phase which would be at risk for a spontaneous 
ignition in a high NOx environment . 

• Some recalcitrant organic compounds may take long to degrade 
• High capital and operating costs 
• Complex system 

References: 

Shugannan 1991 , Sundstrom et al. 1986 
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B.1.3 Thermal Incinerator 

Pollutants Controlled: 

voes 

Process Description: 

The contaminated gas stream from the emission source is diluted with ambient air if the 
concentration of flammable vapor is above a certain limit. The gas is passed through an 
optional heat exchanger to increase the temperature prior to entering the combustion 
chamber. Here, the gas stream is ignited and burned at high temperatures, destroying VOCs 
by oxidation. Supplementary fuel and combustion air may be required to attain the necessary 
temperature for the desired destruction efficiency. Flue gas exits the thermal incinerator and 
is passed through a heat exchanger to preheat the gas stream entering the combustor, prior to 
discharging to the stack. Heat recovery may also be used for other process needs. 

Current Ap_plications: 

• Various industrial processes 

· Desi~ Characteristics/Performance: 

• Efficiencies of 95 % and higher 
• Combustion temperatures range from 1,200 - 2,200 °F 

· System Advantages: 

• Simple operating concept 
• High efficiency 
• No waste generation 
• Low maintenance requirements 

System Disadvantages: 

• High costs for supplemental fuel 
• More NOx generation added to previous concentration 

References: 

Casill and Laznow 1991, Mclnnes et al. 1990 
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B.1.4 Catalytic Incineration 

Pollutants Controlled: 

voes 

Process Description: 

Catalytic incineration is similar to thermal incineration except that a catalyst is used to 
enhance the oxidation process at lower temperatures. The contaminated gas stream from the 
emission source is diluted with ambient air if the concentration of flammable vapor is above 
a certain limit. The gas is passed through an optional heat exchanger to increase the 
temperature prior to entering the combustion chamber. Here, the gas stream is ignited and 
burned at high temperatures, destroying VOCs by oxidation. Supplementary fuel and 
combustion air may be required to attain the necessary temperature for the desired 
destruction efficiency. Flue gas exits the thermal incinerator and is passed through a heat 
exchanger to preheat the gas stream entering the combustor, prior to discharging to the stack. 
Heat recovery may also be used for other process needs. 

Current Am,lications: 

• Various industrial processes 

Design Characteristics/Performance: 

• Efficiencies of 95 % and higher 
• Combustion temperatures around 600 °F 

System Advanta~es: 

• High efficiencies 
• Low maintenance costs 
• Lower fuel requirements than thermal incineration 

System Disadvantages: 

• . Capital costs are higher than thermal incineration 
• Catalyst deactivates and requires replacement over time 
• Does not treat halogenated organics very well 
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Casill and Laznow 1991, Mclnnes et al. 1990 
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B.1.5 Regenerative Thermal Incinerator 

Pollutants Controlled: 

voes 

Process Description: 

A regenerative thermal incinerator is a relatively new device that has an extremely high 
efficiency heat exchanging device. These typically use two or three beds filled with ceramic 
stone ware or rocks. As one stone bed gives up its heat to the incoming air stream, another 
bed is heated up or generated by the exhausting air stream of up to 1,600 °F. These systems 
are able to recover up to 95 percent of the exhaust temperature energy, thereby helping to 
reduce the operating costs of the system. 

Current· Applications: 

Spray painting operations and particulate-laden air streams. 

Desiiro Characteristics/Performance: 

• Efficiencies of up to 95 % 
• Used on large air volume systems in excess of 35 ,000 scfm and up to 500,000 scfm. 
• Combustion temperatures up to 1,600 °F 

System Advantages: 

• Effective on dirty air streams 
• Very low system operating costs 

System Disadvantages: 

• Very difficult and expensive to achieve high ( > 95 % ) destruction levels 
• Equipment is very heavy and takes up a great deal of space 
• Radioactive particulate would agglomerate on rocks and create radioactive solid 

waste. 

References: 

Kottke 1992 
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B.1.6 Condensation 

Pollutants Controlled: 

voes, Inorganic vapors 

Process Description: 

Condensation is the use of cooling a gas stream to condense inorganic and organic 
compounds that are in a volatilized state. This is done by reducing the gas temperature 
below the dew point of the contaminants of concern. A typical condensing device is a shell 
and tube heat exchanger that cools the inlet gas to approximately 100 °C using chilled 
process water. Chilled water flows through tubes in the condenser, and the off-gas is passed 
over the tubes. 

Current Am,lications: 

• Generally used to remove high levels of organic compounds as a prior step to full 
treatment with carbon adsorption or incineration and to transfer volatilized inorganics 
to a solid state for filtration. 

Design Characteristics/Performance: 

• Removal efficiencies of 90 % and up for inorganics and most VOCs in concentrations 
that exceed 5,000 ppmv 

System Advantages: 

• Simple design 
• Inexpensive 
• Best method known for treating volatilized inorganics prior to collection 

System Disadvantages: 

• Poor efficiency for removal of voes in concentrations less than 1000 ppmv 
• Requires complex treatment for · the water stream in highly contaminated environment 
• Usually requires further treatment downstream for voes 

References: 

Casill and Laznow 1991, EPA 1986 
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B.l. 7 Absorption 

Pollutants Controlled: 

voes, Inorganic vapors 

Process Description: . 

The process of absorption is based on diffusion. In this process, the contaminated gas stream 
is brought into contact with a liquid in which the contaminant will dissolve. The 
concentration gradient between the two phases is established and diffusion occurs. 
Components that are higher in concentration in the gaseous phase are transferred to the lower 
component concentration in the liquid phase. Packed scrubbers are designed for this process 
with either cross flow or counter-current flow. 

Current Am,lications: 

• Various industrial processes 

Design Characteristics/Performance: 

• Removal efficiencies of 90 % at 300 ppm and capable of achieving efficiencies in 
excess of 99 % 

• Absorption increased with contact surface area 

System Advanta1:es: 

• Capable of very high efficiencies 
• Scrubbers require small space 
• Low capital costs and energy requirements 

System Disadvanta~es: 

• Complex treatment of water stream is necessary in highly contaminated environment 
• Low efficiencies at low concentrations of VOCs 
• Reagent handling system can substantially increase maintenance costs 
• Particulate laden air can cause fouling in the packed tower 

References: 

Casill and Laznow 1991 , Mcinnes ·et al . 1990 
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B.2 INORGANIC VAPOR CONTROLS 
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B.2.1 Absorption 

Pollutants Controlled: Acid gases 

Process Description: The process of absorption is based on diffusion. In this process, the 
contaminated gas stream is brought into contact with a liquid in which the contaminant will 
dissolve. The concentration gradient between the two phases is established, · and diffusion 
occurs. Components that are higher in concentration in the gaseous phase are transferred to 
the lower component concentration in the liquid phase. Packed scrubbers are designed for 
this process with either cross flow or countercurrent flow. 

Current Am,lications: 

• Various industrial processes 

Design Characteristics/Performance: 

• Removal efficiencies of 90% at 300 ppm; capable of achieving efficiencies of greater 
than 99% 

• Absorption increased with contact surface area 

System Advantai:es: 

Capable of very high efficiencies 
Scrubbers require little space 

• 
• 
• Low capital costs and energy requirements 

System Disadvantai:es: 

• Liquid waste produced 
• Complex treatment of water stream is necessary in highly contaminated environment 
• Low efficiencies at low concentrations of inorganic vapors 
• Reagent handling system can substantially increase maintenance costs 
• Particulate-laden air can cause fouling in the packed tower 

References: Casill and Laznow 1991 , Mclnnes et al . 1990 
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B.3 PARTICULATE MATTER CONTROLS 

-- .... ·- ·. 
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B.3.1 High Efficiency Metal Fiber Filter 

Pollutants Controlled: Particulate Matter 

Process Description: A HEMF filter is composed of very fine (less than 8 µm in diameter) 
sintered stainless-steel fibers, with a removal efficiency of better than 99. 99999 % · for 0 .1 µm 
particles. The HEMF filters are strong and can tolerate high temperatures and wet 
conditions. They can also withstand overstress conditions due to shock, excess air flow , and 
particle loading. Steel filters can be welded into steel housings and frames , thereby 
eliminating gaskets and adhesives. Also , these filters can be cleaned repeatedly, instead of 
requiring disposal. Depending upon how many filters are used, a period of at least two years 
can elapse between cleanings. 

Current Applications: 

• Has been available for only about six years 
• · Metal fiber filter media has been used in· applications in the chemical and food 

industries, especially in Europe. 

Desi~ Characteristics/Performance: 

• Removal efficiencies of 99. 99999 % for 0 .1 µm particles 
• Relatively low pressure drop (2 inch we across the media) 

System Advantages: 

• Extremely high efficiency 
• Simple design; no moving parts 
• Can be cleaned repeatedly instead of being d~sposed of 
• Meets seismic qualification criteria fully 
• Much stronger and more resistant to all credible plant upsets than HEP A or sand 

filters 
• Will not be harmed or destroyed by upsets involving gross amounts of free water 
• Can withstand high temperatures (750 ·p continuously and 1,200 ·p for 20-30 min.) 
• Relatively low pressure drop 

System Disadvantages: 

• Has not been used in nuclear services similar to 2025E CTF (needs to be tested using 
simulated 2025E VOG) 

• High cost 
• Free liquids with dissolved acid gases must be excluded from contact with the filters 
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• Limited experience with in-place cleaning of the filter 
• Produces liquid waste 

References: Fluor Daniel 1991 
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B.3.2 Ultra Low Penetration Air/Very Large Scale Integration Filter 

Pollutants Controlled: Particulate Matter 

Process Description: The ULP A/VLSI filters have all of the physical characteristics of 
HEPA 2 filters (described below), but have lower aerosol penetration values. They are 
composed of a collection of randomly oriented fibers of varying diameters and lengths, which 
are packed, compressed or·otherwise held together as mats, often with the aid of acrylic 
binders. This "paper" is usually 10-20 mils thick and is pleated, with separators between the 
folds so that a large filtering area can be placed into a relatively small module. The filter 
assembly is bonded into a wood, aluminum , or steel frame to prevent leaks. 

Current Ap_plications: 

• Semiconductor and electronic clean rooms 
• Medical Applications 

Design Characteristics/Performance: 

• Pressure drop of 1. I - 2.0 inches we 
• Removal efficiencies of 99 . 995 - 99. 99999 % for particles larger than 0 .12 µm 

System Advantages: 

• Very high removal efficiencies 
• Relatively low pressure drop 
• Simple design; no moving parts 

System Disadvanta~es: 

• More expensive than HEP A filters 
• Spent filters become solid waste 
• Must be kept dry to avoid fouling 
• May require frequent changing of filter media 

References: Anderson 1988, Donovan et al . 1987, Cadwell 1985 , Avery 1986 
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B.3.3 High Efficiency Particulate Air Filter 

Pollutants Controlled: Particulate Matter 

Process Description: By definition, a HEPA filter is a disposable, extended medium, dry
type filter having: (1) a minimum particle removal efficiency of greater than 99.9% for 
0.3 µ.m particles, (2) a maximum resistance of 250 Pa [(l in. we)] when clean and operated 
at rated air flow capacity, and (3) a rigid casing extending the full depth of the medium. The 
core of the HEP A is generally made by pleating a continuous web of fiberglass paper back 
and forth over corrugated separators that add strength_ to the core and provide air passages 
between the pleats. The core is then sealed in a wood or steel casing (frame) with an 
elastomeric sealant. The filter paper itself is composed of very fine (submicron) glass fibers 
in a matrix of larger (1 - 4 µ.m) fibers and held with an organic binder. Increased particle 
removal can be attained by using HEPA filters in series. 

Current Ap_plications: 

• Filtration for "clean room" environments 
• Nuclear industry ventilation systems 

Desi,m Characteristics/Performance: 

• Efficiencies of at least 99. 97 % for O. 3 µm or smaller particles 
• Relatively low pressure drop (1 inch we new , 4 inch wc at replacement) 

System Advantages: 

• High efficiency 
• Simple design; no moving parts 
• Low pressure drop 
• Low initial cost 
• Handles variable loading 

System Disadvantages: 

• Spent filters become solid waste 
• Must be kept dry to avoid fouling 
• Somewhat fragile 
• May require frequent changing of filter media 

References: Fluor Daniel 1988, Burchsted, Kahn, and Fuller 1976, EPA 1984 
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B.3.4 Deep Bed Sand Filter 

Pollutants Controlled: Particulate Matter 

Process Description: Sand filters are deep beds (several feet thick) of rock, gravel, and sand 
constructed in layers graded with about 2 to 1 variation in granule size from layer to layer. 
Gas flow is upward through the bed, with the granules decreasing in size in the direction of 
flow. A top layer of moderately coarse sand is added to prevent fluicliza.tion. Below the 
sand bed is a course of hollow tiles which serve to distribute the gas evenly throughout the 
bed. In principle, the larger granules remove most of the large particles and particulate 
mass, while the layers of finer sands provide high efficiency removal. 

Current Ap_plications: 

• Radiochemical processing facility ventilation systems 

Desi~ Characteristics/Perfonnance: 

• Pressure drop of a 7-layer, 3-inch down to 50 mesh filter is 
7-11 inches wc 

• Removal efficiency fabricated to be 99 . 95 % for O. 3 µm particles 

System Advanta~es: 

• High efficiencies 
• Low maintenance 
• Fire-resistant 
• High heat capacity 
• Can accommodate large fluctuations in gas flow 
• Inert to chemical attack 

System Disadvantages: 

• High initial cost 
• Large space requirement 
• High pressure drop 
• Spent sands become solid waste 

References: Burchsted, Kahn, and Fuller 1976 
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B.3.5 Deep Bed Glass Fiber Filter 

Pollutants Controlled: Particulate Matter 

Process Description: Deep bed glass fiber filters are deep beds (0.2 - 2.1 m) of compacted 
fiberglass insulating wool, contained in stainless steel boxes with opaque sides and perforated 
screens at the top and bottom. Different packing densities are used for each stage of the 
deep bed filter (much like the sand filter), with the low density packing stage at the gas inlet 
and the high density packing stage at the exit. Gas flow is in the upward direction. 
Although various fibers were tested, only one was found to have sufficient curl to resist 
matting. The other fibers were straight, and when packed together caused extremely high 
pressure drops at even low airflows. 

Current Arwlications: 

• Radiochemical processing facility ventilation systems 

Desi,m Characteristics/Performance: 

• Pressure drop; clean filter ~ 1.5 · inches we, spent filter = 8 inches we 
• Removal efficiency less than deep sand filter (about 99.9% total) 

System Advantages: 

• Predictable physical characteristics 
• Simple design 
• Relatively small space requirements 

System DisadvantaGes: 

• Lower particle collection efficiency than sand filter 
• Relatively high pressure drop 
• Spent filters become solid waste 

References: Battelle 1984, Burchsted, Kahn , and Fuller 1976 
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B.3.6 Fabric Filter {Baghouse) 

Pollutants Controlled: Particulate Matter 

Process Description: Fabric filters utilize the principles of interception, impingement, 
diffusion, gravitational settling, and electrostatic attraction to capture particulate matter. A 
fabric filter collector is comprised of many fabric bags which collect the entrained particles. 
Particle-laden gas is introduced into the baghouse and is directed through the cylindrical filter 
bag elements. Filter bag materials can be woven or felt and can be coated with various 
materials for resistance to corrosive gases. The particles form a cake on the bags which 
enhances removal effectiveness. The bags are cleaned based on a predetermined time 
interval or pressure drop and the particles are deposited in a hopper at the bottom of the unit. 
Various cleaning mechanisms, including mechanical shaking, reverse air, and pulse jets are 
utilized. The baghouse unit usually consists of multiple compartments; this allows on-line 
cleaning of the bags. 

Current Am,lications: 

• 
• 
• 
• 

Coal-fired utility boilers 
Cement industry 
Various metallurgical operations 
Lumber mills 

• Many others 

Desifm Characteristics/Performance: 

• Efficiency of greater than 99.5 % for almost all particle sizes (including submicron) 
• Pressure drop of 3 - 8 in. we 
• Gas temperatures less than 285 ° C 

System Advantages: 

• High efficiency 
• Especially effective for fine particulates 
• Modular construction allows for online maintenance 
• Can handle large gas flowrates 

System Disadvantages: 

• High initial and operating costs 
• Frequent bag replacement necessary 
• Must operate above gas dewpoint 
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• Flammability hazard associated with temperature excursions 
• Large space requirement 

References: EPA 1973, Crawford 1976 
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B.3. 7 Electrostatic Precipitator 

Pollutants Controlled: Particulate Matter 

Process Description: The ESPs operate on the principle that a charged particle will migrate 
from the force imparted by an electric field. To accomplish this, ESPs use transformer
rectifier sets to energize discharge electrodes which then produce a high voltage electric field 
(about 70,000 V) between the discharge electrodes and grounded collecting plates. 
Particulates entering the ESP in the gas stream acquire a charge and migrate to the collecting 
plates. If the particles captured are in a liquid state, they flow down the plates and are 
collected at the bottom (sometimes flushing of the plates is necessary to remove the 
particles). If the particles are solid, they are removed by automatically rapping the plates 
(unless it is a wet ESP, in which case the particle collecting plates are washed). The 
physical size of an ESP is influenced by many factors, including: particle and ·gas 
properties, gas flow rate, and required removal efficiency. Physical properties of the 
particles, especially ~sistivity, are extremely important in sizing an ESP. 

Current Ap_plications: 

• 
• 
• 
• 
• 

Coal-fired electric power boilers 
Various metallurgical operations 
Cement industry 
Paper mills 
Many others 

Design Characteristics/Performance: . 

• Pressure drop less than 0.5 in. we 
• Operating temperature about 375 °C 
• Efficiencies of greater than 99 % for almost all particle sizes 

System Advantages: 

• High efficiencies 
• Few moving parts; low maintenance 
• Can accommodate corrosive materials 
• Can handle large gas flowrates 
• Low power requirements 
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System Disadvantages: 

• High irutial cost . 
• Sensitive to varying process conditions 
• Particles with extremely high or low resistivities are hard to collect 
• Large space requirement 
• Safety concerns regarding high voltages 

References: EPA 1973, Crawford 1976 
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B.3.8 Hydro-Sonic Atomized Scrubbers 

Pollutants Controlled: Particulate Matter 

Process Description: The hydro-sonic atomized scrubber is a wet scrubbing system in which 
the energy for cleaning and pumping the particulate-laden gases is provided by the flow of 
steam or compressed air from a supersonic ejector nozzle. The particulate-laden gas stream 
is drawn into the device by the ejector nozzle, which is fitted with a water injector ring. The 
steam or air jet causes a violent shattering of the water droplets and subsequent turbulent 
mixing of the gas and water in a converging section of piping. By this means, extremely 
fme particles are captured on the droplets. The gas then flows through a mixing tube where 
the droplets agglomerate. Separation of the cleaned gas from the entrained liquid is 
accomplished in a low pressure-drop cyclone, with liquid removed by gravity at the bottom. 

Current APJ>lications: 

• Haz.ardous and municipal waste incineration 
• Coke ovens 
• Proposed for Savannah River melter off-gas system 

Design Characteristics/Performance: 

• · Efficiency of approximately 99 % for removal of 0.1 - 10 µm particulates 
• Pressure drop is approximately +9 inches wc 
• Steam injection rate is 0.1 - 0.15 lb per lb of inlet gas; compressed air injection rate 

is 0.16 - 0.25 lb per lb of inlet gas 
• Water injected at 2 - 4 gpm per 1000 acfm saturated gas 

System Advantages: 

• High removal efficiency for small particles 
• Simple process design; no moving parts 
• Can use recycled scrubbing solution 
• . Can be used in series 

System Disadvantages: 

• Produces liquid waste stream 
• High solids concentration in water/ scrubbing solution can cause plugging 
• Re-entrainment a possibility 
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• Compressed air or steam required (additional power requirement) 
• Additional pumping requirements 
• High pressure drop 

References: Battelle 1984, Fluor Daniel 1988, Holland and Means 1988, Battelle 1985 
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B.3.9 Packed Bed Scrubbers 

Pollutants Controlled: Particulate Matter 

Process Description: Packed bed scrubbers are effective in removing particles 2 - 5 µm in 
size. The bed depth of these scrubbers _is typically 0.6 - 1.8 m. The gas velocities typically 
range between 0.9 - 1.8 mis. The liquid requirements for these scrubbers usually range from 
10 - 20 gal/1000 ft3 of gas, with a pressure drop of typically 0.2 - 1.5 inches of water per 
foot of bed depth. However, some adaptations, which make use of a highly efficient 
turbulent layer above the bed, require considerably less scrubbing liquid (2 to 2.5 gal/1000 
ft3 of gas at a pressure drop ranging from 4 - 6 inches of water). Moving-bed scrubbers and 
ionizing wet scrubbers are two subsets of the packed bed scrubber. Moving-bed scrubbers 
incoiporate a zone of movable packing where gas and liquid can mix intimately. This type 
of scrubber uses packing consisting of low-density polyethylene or polypropylene spheres 
about 3. 8 cm in diameter; they are kept in continuous motion between the upper and lower 
retaining grids. This action keeps the spheres continually cleaned and considerably reduces 
any tendency for the bed to plug. Ionizing wet scrubbers utilize a high voltage ionization to 
electrostatically charge particulates in the gas stream. The particulates next enter the packed 
scrubber section where they are removed by attraction to neutral surfaces. The small 
particulates passing close to , and the liquid droplets sprayed on the packing are attracted to 
these neutral surfaces by image force attraction from induced charges at a neutral surface. 

Current Applications: 

• Various process applications 
• Generally used as a precleaner to remove large particles 

Design Characteristics/Performance: 

• Pressure drop of 1 - 6 inches wc 
• Removal efficiencies of 99 % for particles greater than 2 µm 

System Advantages: 

• Handles high temperature and high moisture gases 
• Simple process design 
• Low initial cost 
• Can handle corrosive gases or aerosols 

System Disadvantages: 

• Not effective in removing smaller particles ( < 1 µm) 
• Plugging may occur 
• Generally limited to gas streams with relatively low grain loadings 
• Produces a liquid waste stream 
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• High operating cost 

References: Buonicore and Theodore 1982 
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B.3.10 Perforated Plate Mist Eliminator 

Pollutants Controlled: Particulate Matter 

Process Description: Perforated plate mist eliminators consist of two perforated metal sheets' 
spot-welded together and uniformly spaced a few thousandths of an inch apart. The 
perforations in the adjacent plates are offset so the air entering the holes must make two 90 ° 
turns before it can exit. Moisture is removed by impingement of droplets on the water film 
flowing down between the plates and on the face of the first plate. The plates can be bent 
into many shapes to increase the overall surface area. Regular cleaning (irrigation, flushing 
or scraping) is required to maintain the unit ' s performance. 

Current Ap_plications: 

• Various chemical processing operations 
• Radiochemical operations 

Design Characteristics/Performance: 

• · Pressure drop up to 5 inches we 
• Virtually 100% removal efficiency for 50+ µm particles, 99% removal of particles 

between 1 - 10 µm 

System Advantages: 

• Simple design; no moving parts 
• Service life can be extended by flushing filter 

System Disadvantages: 

• Liquid and solid (spent filters) wastes produced 
• · Sensitive to process variations 
• High pressure drops 
• Low efficiency for small particles 

References: Burchsted, Kahn, and Fuller 1976 
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B.3.11 High Efficiency Mist Eliminator 

Pollutants Controlled: Particulate Matter 

Process Description: The HEMEs are composed of regenerable deep-bed fiber filters 
configured in an annular shape to remove submicron aerosols. Gas flows from the outside to 
the inside hollow core from which the clean gas exits at the top and the collected liquid exits 
at the sealed bottom through a drain pipe. Various fibers and other construction materials 
can be selected for their resistance to gas constituents. The HEMEs can also be operated wet 
to allow simultaneous removal of both liquid and solid aerosols. Soluble particles become 
part of the liquid film and drop to the drain, while the insoluble particles lodge on the fiber 
and become physically .bonded. Continuous or intermittent water spraying of the filter 
elements has been utilized to wash down and cleanse accumulated debris, thus extending the 
service life of the devices. However, water-soluble compounds can migrate through the filter 
and become re-entrained. 

Current Am,lications: 

• Acid and caustic mist removal 
• Radiochemical plant service 

Design Characteristics/Performance: 

• 100% removal of particles larger than 3 µm 
• 99 .5 % removal of particles less than 3 µm in size 
• Pressure drops up to 25 inches wc 

System Advantages: 

• High efficiencies 
• Simple design; no moving parts 
• Life can be extended by backwashing filter elements 

System Disadvantages: 

• Solid and liquid wastes produced 
• Sensitive to process variations (i.e., upsets) 
• High pressure drops 
• Relatively large space requirements 

References: Fluor Daniel 1988, Battelle 1985, Burchsted, Kahn, and Fuller 1976 
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B.3.12 Tray Tower 

Pollutants Controlled: Particulate Matter 

Process Description: Tray towers utilize perforated plates with an impingement baffle over 
each perforation. The intention is to expand the surface area of the liquid through use of the 
gas stream's kinetic energy. Gas flowing upward is divided into thousands of jets by the 
orifices. Each jet aspirates liquid from the blanket and creates a wetted surface on the 
baffle, located at the point of maximum jet velocity. The directed impingement on a wetted 
target dynamically precipitates particles and entraps them in the scrubbing liquid. On 
impingement, each jet forms minute gas bubbles which rise through and create turbulence in 
the liquid blanket. This provides extremely close gas-liquid contact for maximum cleaning. 
Continuous violent agitation of the blanket by the bubbles p·revents settling of entrapped 
particles and flushes them away in the scrubbing liquid. 

Current Am,lications: 

• Various process applications 
• Generally used as a precleaner to remove large particles . 

Design Characteristics/Performance: 

• Pressure drop of 1 - 12 inches we 
• Removal efficiencies of 90 - 98 % for 1 µm particles 

System Advantages: 

• Handles high temperature and high moisture gases 
• No moving parts 
• · Low initial cost 
• Can handle corrosive gases or aerosols 

System Disadvantages: 

• Not effective for smaller particles ( < 1 µm) 
• Produces a liquid waste stream 
• High operating cost 

References: Alley and Cooper 1986, Buonicore and Theodore 1982 
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B.3.13 Ejector Venturi Scrubber 

Pollutants Controlled: Particulate Matter 

Process Description: The ejector venturi scrubber introduces the scrubbing water ( or 
solution) into the rear of the converging section (body} of the venturi. The velocity of the 
sprayed water droplets creates a draft which draws the gas into the body. The water-laden 
gas is then accelerated through the throat section of the venturi and slightly into the diverging 
section where the majority of the particulate capture takes place. Although the contact time 
in this region is quite short, the extreme turbulence in the venturi enhances particle-solution 
contact. Noncondensable gases are then separated from the liquid in a separator located at 
the end of the diverging section. 

· Current A:wlications: 

• Various process applications 

Design Characteristics/Performance: 

• Removal efficiencies of 90 % for particles larger than 2 µm 
• Can provide 5 - 10 inch we draft 
• Water consumption is 50 - 100 gpm per 1,000 acfm 

System Advantages: 

• Simple process design 
• Low initial cost 
• Tolerates variable operating conditions 
• Can use recycled scrubbing solution 

System Disadvantages: 

• Produces a liquid waste stream 
• Can have abrasion and corrosion problems 
• Extensive pumping requirements 

References: Battelle 1984, Fluor Daniel 1988 , Gales et al . 1984 
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B.3.14 Impingement and Entrainment Scrubbers 

Pollutants Controlled: Particulate Matter 

Process Description: Impingement and entrainment scrubbers employ a shell which holds 
liquid. Gas introduced to the scrubber is made to skim over the liquid surface to reach a gas 
exit duct. In skimming over the liquid, the gas atomizes some of the liquid into droplets. 
These droplets act as the particle, collecting the mass transfer surfaces which bring about gas 
purification in the scrubber. The gas exit duct is usually so designed as to tum the direction 
of the gas/ droplet system flowing through it, acting as an entrainment separator. These 
scrubbers are usually used to collect particles larger than several microns in diameter. 

Current Ap_plications: 

• Various process applications 

Design Characteristics/Perf onnance: 

• Pressure drop of 8 - 12 inches wc 
• Removal efficiencies of 90 % for particles larger than 2 µm 

System Advantages: 

• Simple design; no moving parts 
• Handles high temperature and high moisture gases 
• Can handle corrosive gases or aerosols 

System Disadvantages: 

• Not effective for smaller particles ( < 1 µm) 
• High pressure drop, thus high operating cost 
• Produces liquid waste stream 

References: Alley and Cooper 1986 
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B.3.15 Multiple Cyclones (Multklones) 

Pollutants Controlled: Particulate Matter 

Process Description: A multiple cyclone separator consists of a number of small diameter 
cyclones operating parallel to each other and having a common gas inlet and outlet. The 
flow pattern differs from that of a conventional cyclone in that the gas enters at the top of the 
collecting tube and has a swirling action imparted to it by a stationary vane positioned in its 
path. The diameters of the collecting tubes usually range from 0.03 - 0.61 m. · 

Current Am,lications: 

• Same as conventional/high efficiency cyclones 

Design Characteristics/Performance: 

• 90 % capture of particles in the 5 - 10 µ.m range 
• 95-99 % capture of particles greater than 10 µ.m 

. System Advanta~es: 

• Useful for high gas flows 
• Simple design 
• Low initial cost 

System Disadvantages: 

• Limited efficiencies for small ( < 5 µ.m) particles 
• High humidity gases can cause condensation and agglomeration/plugging 

References: EPA 1973, Crawford 1976 
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B.3.16 Spray Towers 

Pollutants Controlled: Particulate Matter 

Process Description: Spray towers operate on the principle of contacting particulate-laden 
gases with a scrubbing solution (usually water) . In most applications, the dirty gas is 
introduced to the bottom of the column where it flows up countercurrently against the 
scrubbing solution. Tower designs can be simple applications, such as an open spray 
chamber, which is essentially a process vessel with water sprays. 

Current Ap_plications: 

• Various process applications 
• Generally used as a precleaner to remove large ( > 5 µm) particles 

Design Characteristics/Performance: 

• Effectively absorbs acid gases 
• Removal efficiency of 94 % for-particles larger than 5 µm 
• Low gas flowrates 
• Pressure drop of I - 4 inches wc 

System Advantages: 

• Handles high temperature and high moisture gases 
• Simple process design 
• Low initial cost 
• Can handle corrosive gases or aerosols 

System Disadvantages: 

• Produces a liquid waste stream 
• High operating cost 
• Poor particulate removal efficiencies for particles between l - l O µm 
• Liquid entrainment at high gas flowrates 

References: EPA 1973, Wark and Warner 1981 , Alley and Cooper 1986 
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B.3.17 Cyclonic Scrubbers 

Pollutants Controlled: Particulate Matter 

Process Description: Cyclonic scrubbers can vary from conventional cyclones equipped with 
water sprays to specifically designed multi-stage devices. The cyclonic scrubber works by 
the same principles as the conventional dry cyclone. Particle-laden gas is introduced into the 
device, where it is contacted by water sprays; the resulting droplets are impacted by 
centrifugal force onto the cyclone walls. The scrubbing liquid and captured particles run 
down the walls and out the bottom of the scrubber. · 

Current Ap_plications: 

• Various process applications where high removal efficiencies are not required 
• Generally used as a precleaning device 

Design Characteristics/Performance: · 

Pressure drop of 2 - 8 inches wc • 
• 
• 

Water rates from 4 - 10 gpm per 1,000 cfm gas 
Particulate removal approximately 80 - 90 % for larger particles 

System Advantages: 

• Handles high temperature and high moisture gases 
• Simple process design 
• Low initial cost 
• Can be fabricated for corrosive environment 

System Disadvantages: 

• Produces a liquid waste stream 
• High operating cost 
• Poor submicron particle capture 
• High pressure drop 

References: EPA 1973 
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B.3.18 Mechanically-Aided Scrubbers 

Pollutants Controlled: Particulate Matter 

Process Description: Mechanically-aided scrubbers incorporate a motor-driven device 
between the inlet and the outlet of the scrubber body. Often, the motor-driven devices are 
fan blades, used to move the air through the scrubber. Particles are collected by impaction 
upon the fan blades while the gas is moved through the device. Usually, liquid is introduced 
at the hub of the rotating fan blades. The liquid then runs over the blades, washing them of 
collected parµcles. The liquid is caught by the. fan housing, which drains into a sump. The 
liquid for a mechanically-aided scrubber can usually be recirculated. Particle collection 
efficiency is good for particles more than 1 - 2 µm in diameter. 

Current Ap_plications: 

• Not known 

Desi~ Characteristics/Performance: 

• Detailed information on this technology could not be found 

System Advantages: 

• Small space requirements 
• Low water requirements 
• High dust-load capacity 

System Disadvanta~es: 

• Low efficiency 
• High operating and maintenance costs 
• Rotor is susceptible to erosion from large particles and abrasive dusts 
• High energy scrubbing applications usually require a mist eliminator 
• Not effective for small particles ( < 1 µm) 

References: Buonicore and Theodore 1982 
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B.3.19 Prefilter (Roughing Filter) 

Pollutants Controlled: Particulate Matter 

Process Description: Prefilters can be classified as either low (Group I) , moderate (Group 
Il), or high (Group Ill) efficiency filters. Group I panel filters are shallow, tray-like 
assemblies of coarse fibers or crimped metal mesh enclosed in a steel or cardboard casing. 
Group II and ID filters are extended medium, dry-type units. The medium is pleated or 
formed as bags to increase surface area. Group II filters are effective in removing 5 + µm 
particles, while Group m filters can filter even smaller particles. Filter media can be chosen 
to minimire damage from corrosion. 

Current Ap_plications: 

• Various air filtering systems 
• Heating and ventilation systems 

Design Characteristics/Performance: 

• Pressure drop approximately 4 inches wc 

System Advantages: 

• Effective in removing large ( > 5 µm) particles 
• Simple design; no moving parts 
• Low initial cost 
• Easily replaced 
• High dust loading capacity 

System Disadvantages: 

• Spent filters become solid waste 
• Somewhat high pressure drop 

References: Fluor Daniel 1988, Burchsted, Kahn , and Fuller 1976 
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B.3.20 Standard Mist Eliminators 

Pollutants Controlled: Particulate Matter 

Process Description: Standard mist eJiminators (or entrainment separators) utilize impaction 
to capture mists and particles. The most common mist eJiminator used in chemical 
processing operations is a wave-plate (bent-plate, or chevron) demister which simply consists 
of a series of corrugated or bent plates through which the gas flows, imparting the droplets 
onto the plate surfaces. Mist eliminators used for nuclear reactor applications include knitted 
fabric and nonwoven fiber mat demisters. In these applications, the demisters are made up 
of multiple cells consisting generally of coalescing layers (mat or knitted fabric) and draining 
layers (usually wire mesh) . All of these devices have increased removal efficiencies at 
higher gas velocities at the expense of increased pressure drop. 

Current Ap_plications: 

• Various chemical processing operations· 
• Nuclear reactor applications 

Design Characteristics/Performance: · 

• Knitted fabric and nonwoven mat demisters also effective for removing small and 
intermediate-size droplets (1 - 100 µm) 

System Advantages: 

• High removal efficiency for large droplets (> 100 µm) 
• Low pressure drop 
• Simple design; no moving parts 

System Disadvantages: 

• Solid wastes (spent filters) produced 
• Low removal efficiencies for small particles 

References: Burchsted, Kahn, and Fuller 1976 
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B.3.21 Submerged Bed Scrubber (SBS) 

Pollutants Controlled: Particulate Matter 

Process Description: The SBS consists of a packed bed submerged in a process · vessel 
containing scrubbing liquid, and functions as an offgas cooler as well as a primary particulate 
scrubber. In the SBS process, gas is directed to the bottom of the packed bed via a central 
annulus. Buoyancy drives liquid recirculation in concurrent flow with the gas as the system 
blowers pull the gas upward, with the gas exiting at the top of the SBS. Condensate is 
continuously removed from the SBS through an overflow line at the top of the liquid surface. 
The temperature of the scrubbing liquid is maintained by cooling coils located in the outer 
portion of the vessel. Due to the internal .circulation of the scrubbing liquid, no external 
pump or internal agitator is necessary. 

Current Ap,plications: 

• Developmental work 
• Originally intended for aerosol control during an emergency vent of a nuclear reactor 

containment structure 

Desi1m Characteristics/Performance: 

• 
• 

High pressure drop 
Concurrent vapor-liquid contact 

System Advantages: 

• High removal efficiencies for large particles ( > 1 µm) 
• Simple pr:oc;ess design; no moving parts 
• Good vapor-liquid contact medium 

· • Tolerates variable operating conditions 

System Disadvantages: 

• High pressure drop 
• Produces a liquid waste stream 
• Low efficiency for submicron particles 

References: Fluor Daniel 19-88 , Battelle 1985 
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