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1 RADIOACTIVE AIR EMISSIONS 
2 NOTICE OF CONSTRUCTION 
3 MULTI-FUNCTION WASTE TANK FACILITY 
4 
5 
6 
7 1.0 INTRODUCTION 
8 
9 

10 The mission of the Multi-Function Waste Tank Facility (MWTF) is to 
11 provide storage capacity to support retrieval operation from those tanks with 
12 safety issues, to provide space for related retrieval demonstrations, and to 
13 suppoct the long-term cleanup mission at the Hanford Site. To accomplish 
14 this, up to six 1,000,000 gallon, double-shell, high-level waste underground 
15 storage tanks and associated facilities are proposed to be constructed. As 
16 many as four tanks may be constructed in the 200 East Area and up to two tanks 
17 may be constructed in the 200 West Area. All tanks will have associated 
18 facilities. The tank farm located in the 200 East Area will be identified as 
19 the 241-HN Tank Farm; the 200 West Area tank farm will be identified as the 
20 241-SN Tank Farm. Figure 1 shows the typical MWTF tank. This application 
21 addresses the maximum number of tanks proposed to be constructed. 
22 
23 
24 1.1 _ NOTIFICATION REQUIREMENT AND GUIDANCE 
25 
26 This document serves as a notice of construction (NOC) pursuant to the 
27 requirements of Washington Administrative Code (WAC) 246-247- 060 for the MWTF. 
28 
29 
30 1.2 FACILITY IDENTIFICATION 
31 
·32 U.S. Department of Energy, Richland Operations Office 
33 Hanford Site 
34 241-HN Tank Farm 
35 241-SN Tank Farm 
36 Richland, Washington 99352 
37 
38 The MWTF tank farms will be located in the 200 Areas of the Hanford Site. 
39 Figures 2 and 3 provide the proposed location of each farm. 
40 
41 Responsible Manager: 
42 Mr. J. E. Rasmussen, Acting Program Manager 
43 Office of Environmental Assurance, 
44 Policy, and Permits 
45 U.S. Department of Energy, Richland Operations Office 
46 P.O. Box 550 
47 Richland, Washington 99352 
48 
49 
50 

1 
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1 1.3 TYPE OF PROPOSED ACTION 
2 
3 The MWTF is a new emission unit. 
4 
5 
6 1.4 STATE ENVIRONMENTAL POLICY ACT 
7 ENVIRONMENTAL CHECKLIST 
8 
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9 The Washington .State Department of Ecology (Ecology) is coordinating 
10 completion of the State Envjronmental Po]jcy Act of 1971 (SEPA) process with 
11 the U.S. Department of Energy's (DOE) preparation of a National Environmental 
12 Po]jcy Act of 1969 (NEPA) Environmental Impact Statement (EIS), Environmental 
13 Impact Statement - Safe Interim Storage of Hanford Tank Waste. For the SEPA 
14 process, Ecology is the lead agency. Mr. Geoff Tallent [(206) 407-7112] 
15 coordinates all SEPA activities for the Hanford Site. 

5 
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1 2.0 SOURCE INFORMATION 
2 
3 
4 This section provides detailed information regarding the source and 
5 quantity of airborne radionuclide emissions resulting from the MWTF. 
6 
7 
8 2.1 PROCESS DESCRIPTION 
9 

10 
11 2. 1. 1 Overview 
12 
13 The MWTF will provide safe, environmentally acceptable, storage capacity 
14 to receive and store waste from single-shell and double-shell tanks supporting 
15 the Tank Waste Remediation System activities. The MWT~ will consist of two 
16 separate sites with similar design. The 241-HN Tank Farm will contain four 
17 1,000,000-gallon (nominal) tanks; the 241-SN Tank Farm -will contain two 
18 1,000,000-gallon tanks. Each facility will contain underground carbon steel 
19 tanks and associated equipment housed in two main buildings: (1) a support 
20 facility that houses the ventilation systems, liquid sampling systems, and 
21 control room and (2) a weather enclosure that covers the waste tanks and 
22 associated equipment. At the 241-HN Tank Farm only, there will be an 
23 administration building for offices, locker rooms, and a lunch room. 
24 
25 Each waste storage tank system will have a ventilation system. The 
26 ventilation system for each tank system will be divided into two subsystems: 
27 (1) the primary tank ventilation system and (2) the annulus ventilation 
28 system. The primary tank ventilation system will maintain the primary tank at 
29 a negative pressure to control contamination, remove a portion of the heat, 
30 and sweep potentially combustible gases out of the tank. The annulus 
3I ventilation system will circulate air around the annular space between the 
32 primary and secondary tanks to remove a portion of the mechanically induced 
33 (i.e., mixing pump operation) and radioactive decay heat. The ventilation air 
34 will be treated before release to the atmosphere to reduce radionuclide and 
35 pollutant hazards to acceptabl e levels . The treatment process is described 
36 further in Section 4. 1. 
37 
38 · The support facilities also will be ventilated and all ventilation 
39 systems will be combined for release at the stack for the facility. The 
40 primary ventilation system is the only system that will normally discharge 
41 radionuclides to the environment. Radionuclides become airborne in the tank 
42 by three different means: (1) particulates being entrained in the vapor from 
43 the waste, (2) as a gas (I-129), and (3) as vapor in the case of tritiated 
44 water. 
45 
46 The tanks are primarily a storage system, and only minor in-tank 
47 processing activities to support pretreatment facilities have been proposed at 
48 this time. A description of the process operations of the MWTF follows. 
49 
50 

- 51 
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2.1.2 Operational Modes 

The MWTF will have five operational modes: 

• Operation - In this mode, the waste will be stored and transfers to or 
from the tank will be authorized and may occur. 

• Warm standby - In this mode, waste will be stored, but transfers to or 
from the tank will not be authorized. 

• Repair - In this mode, waste will be stored while maintenance or repairs 
are done. Opening the confinement barriers to the environment will be 
authorized in the repair mode, but transfers to or from the tank will not 
be possible and will not be authorized. 

• Empty - In this mode, the tank may be completely empty, if it has never 
been used, or may contain a minimum heel of liquid (either water or 
waste) below the retrieval capab ility of the transfer pumps (less 
than 2%). 

• Restricted - This mode is considered an abnormal condition where only 
certain restricted . activities may be performed. Transfers to or from the 
tank will not be authorized in the restricted mode, except as allowed by 
an approved recovery plan or as necessary to maintain the MWTF in a 
stable and safe condition. 

2.2 FACILITY INVENTORY 

2.2.1 Waste Composition 

The composition of the waste to be received by the MWTF tanks will be 
dependent on what existing tank waste is transferred to the facility; however, 
the extreme case radiological inventory of the waste is summarized in Table 1. 
The wastes that the MWTF will accept are those currently stored in other tanks 
in the area of the 241-HN and 241-SN Tank Farms, and waste from normal 
operations and cleanout of existing fuel processing facilities. 

Table 1 is considered an extreme case and will never actually be seen in 
the facilities but is instead a bounding case to which the facility was 
designed. The table was derived by first taking a composite of the five worst 
tanks onsite. The composite was based solely on concentration and not on 
total inventory. The highest concentration for each individual radionuclide 
was then identified, and the concentration was multiplied by the volume 
available in the MWTF. This is a very conservative method because the high 
concentrations are not available in quantities to fill even one tank. 
Additional conservatism in the numbers is introduced because the radionuclides 
are only decayed to 1991, meanwhile the facility will not come online until 
1998. Because this is such a conservative method, other methods were used to 
determine the stack offgas for the facility in Sections 3.0 and 5.0 and are 
discussed in those sections. 

8 
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Radionuclide 

H-3 

C-14 

Ni-63 

Sr, Y-90 

Zr-93 

I-129 

Cs, mBa-137 

Sm-151 

U- 238 

Pu- 239 

Pu-240 

Pu- 241 

Am-241 
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Table 1. Facility Inventory. 

Ann ual possession Annual possession 

Physical form quantity (Ci/yr) · quantity (Ci/yr) 
241-HN 241-SN 

Tank Farm Tank Farm 

Trit i ated water 5.26E+02 2. 63E+.02 

Particulate 6 .14E+03 3.07E+03 

Particulate 4. 03E+OS 2.02E+05 

Particulate 2.10E+08 l .OSE+08 

Particulate 5.09E+02 2.54E+02 

Di ssolved gas 2. lOE+Ol l .OSE+Ol 

Particulate 5.79E+07 2.89E+07 

Particulate 3.16E+06 l .. 58E+06 

Particulate 1. 03E+02 5.17E+Ol 

Particulate 3.68E+04 1. 84E+04 

Particulate l.35E+04 6. 75E+03 

Particulate 6.14E+04 3.07E+04 

Particulate 7.37E+OS 3.68E+05 

9 
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1 3. 0 UNABATED RELEASE RATES 

2 
3 
4 This section provides information regarding the emission release rates 

5 from the MWTF without the emission control system in place. Also included is 

6 the effective dose equivalent to the maximally exposed individual (MEI) 
7 offsite resulting from unabated emissions. Both a nominal and an extreme 
8 operating scenario were developed for the MWTF. For the nominal case, a heat 
9 load of approximately 32 kilowatti (kW) [110,000 British Thermal Units per 

10 hour (BTU/h)] per tank is assumed; for the extreme case, one tank is assumed 

11 to have a heat load of approximately 200 kW .(700,000 BTU/h) while the other 
12 tanks are operating as in the nominal case. 
13 
14 
15 3.1 UNABATED EMISSIONS 
16 
17 Unabated emissions for the nominal and extreme case from both the 241-HN 

18 and 241-SN Tank Farms are provided in Tables 2 and 3. The emissions are based 
19 on a number of assumptions and may be found in the Tank Primary Ventilation 

20 System Process Flow Diagram Descriptions (ICF KH 1994). 
21 
22 
23 

24 

25 

26 

27 

28 

29 

30 

31 
32 
33 
34 
35 

Table 2. Unabated Emissions - Nominal Case. 

241-HN Tank Farm 241-SN Tank Farm 
Radionuclide 

lb/min Ci / yr lb/min Ci/yr 

H-3 2.48E-12· 5. 71E+OO l.24E- 12 2.85E+OO 

Sr-90 6.40E-08 2.12E+03 3.20E-08 1. 06E+03 

Y-90 1.60E-11 2.07E+03 8.00E-12 1. 0.4E+03 

I-129 l.56E-07 6.58E-03 7.80E-08 3.29E-03 

Cs-137 4.00E-09 8. 26E+Ol 2.00E-09 4.13E+Ol 

Ba-137m 6.00 E- 16 7.70E+Ol 3.00E-16 3.85E+Ol 

Pu-239 3.40E-08 5.03E-Ol 1. ?OE-08 2. 51E-Ol 

11 
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2 

Table 3. Unabated Emiss ions - Extreme Case. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 
15 

Radionuclide 

H-3 

Sr-90 

Y-90 

Ru-106 

Rh-106 

Sn-113 

Sb-125 

I-129 

Cs-137 

Ba-137m 

Pu-239 

16 3.2 UNABATED DOSE 
17 

241- HN Tan k Farm 241-SN Tank Farm 

Ci /yr Ci /yr 

6 . 18E+Ol 5.89E+Ol 

9.21E+03 8.15E+03 

8.93E+03 7.90E+03 

9.58E- 06 9.58E-06 

9.34E-06 9.34E-06 

l . 66E-05 l.66E- 05 

8.lOE-05 8. l OE-05 

l.OOE-02 6. 71E-03 

3 . 10E+02 2.68E+02 

2.89E+02 2.SOE+02 

7.46E-Ol 4.95E-Ol 

18 The unabated dose to the MEI, located 16 kilometers (km) east of the 
19 200 East Area, for each of the scenarios i~ shown in Tables 4 and 5. The unit 
20 dose factors included in Tables 4 and 5 were previously submitted to the 
21 Washington State Department of Health. The 200 East Area dose factors were 
22 used for both tank farms for conservatism. The information required to 
23 develop the unit dose facto-rs from the Clean Air Assessment Package 1988 
24 computer code was also included in Unit Dose Calculat ion Methods Summary of 
25 Facility Effluent Monitoring Plan Determinations (WHC 1991). 
26 
27 
28 

12 
941 025 • 1130 



1 

2 

3 

4 

5 

6 

7 
8 
9 

10 

11 
12 
13 
14 
15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 
28 

29 

30 
31 

941025.1130 

Radionuclide 

H- 3 

Sr-90 

Y-90 

I-129 

Cs-137 

Ba-137m 

Pu-239 

Total 

Radionuclide 

H-3 

Sr-90 

Y-90 

Ru-106 

Rh-106 

Sn-113 

Sb-125 

I-129 

Cs-137 

Ba-137m 

Pu-239 

Total 
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Table 4. Unabated Offsite Dose - Nominal Case. 

Unit Dose 241-HN Tank Farm 241-SN Tank Farm 
Factor 

mrem/Ci Ci /yr mrem/yr Ci/yr mrem/yr 

2. 19E-05 5.71E+OO l.25E-04 2.85E+OO 6. 25E-05 

4.38E-02 2.12E+03 9.29E+Ol 1.06E+03 4.64E+Ol 

3. 77E-04 2.07E+03 7.81E-Ol 1. 04E+03 3.90E-Ol 

2.91E-Ol 6.58E-03 l.92E-03 3.29E-03 9.58E-04 

2.39E-02 8.26E+Ol 1. 97E+OO 4 .13E+Ol 9.87E-Ol 
(Including 
Ba-137m) 7.70E+Ol 3.85E+Ol 

8. 67E+OO 5.03E-Ol 4.36E+OO 2.51E-Ol 2 .18E+OO 

NA NA 1.00E+02 NA 5.00E+Ol 

Table 5. Unabated Offsite Dose - Extreme Case. 

Unit Dose 241-HN Tank Farm 241-SN Tank Farm 
Factor 

mrem/Ci Ci/yr mrem/yr Ci/yr mrem/yr 

2. l 9E-05 6 .18E+Ol l.35E-03 5.89E+o1 · 1. 29E-03 

4.38E-02 9.21E+03 4.04E+02 8.15E+03 3.57E+02 

3.77E-04 8.93E+03 3.37E+OO 7 .-90E+03 2.98E+OO 

2.09E-02 9.58E-06 2.00E-07 9.58E-06 2.00E-07 
(Including 

Rh-106) 9.34E-06 9.34E-06 

l . 18E-03 l.66E-05 1. 96E-08 1. 66E-05 1. 96E-08 

4.15E-03 8.lOE-05 3.36E-07 8.lOE-05 3.36E-07 

2.91E-Ol l.OOE-02 2.91E-03 6. 71E-03 1. 95E-03 

2.39E-02 3.10E+02 7.40E+OO 2.68E+02 6.41E+OO 
(Including 

Ba- 137m) 2.89E+02 2.50E+02 

8.67E+OO 7.46E-Ol 6. 47E+OO 4.95E-Ol 4. 29E+OO 

NA NA 4.21E+02 NA 3.71E+02 

13 
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1 4.0 CONTROL AND MONITORING SYSTEMS 
2 
3 
4 This section contains information on both the emission control and the 
5 monitoring systems proposed for the MWTF . A detailed discussion of the 
6 selection of the emission control system to satisfy the requirement to install 
7 best available radionuclide control technology is included as Appendix A. 
8 
9 

10 4.1 CONTROL SYSTEM 
11 
12 
13 4.1.1 Primary Ventilation Control Systems 
14 
15 The ventilation system consists of two portions : the first, called the 
16 cell_ treatment system, consists of a chilled water condenser, a 
17 high-efficiency mist eliminator filter, an electric heater, and a high-
18 efficiency metal filter . To provide standby capacity, three cell treatment 
19 systems will be built for every two tanks. Consequently, there will be three 
20 cell treatment systems in the 241-SN Tank Farm and six cell treatment systems 
21 in the 241-HN Tank Farm. However, only one cell treatment system will be in 
22 operation at a time for each tank. Following the cell treatment system, the 
23 exhaust for all of the tanks in each tank farm will be combined . The combined 
24 exhaust will flow through a filter bank cons i sting of two stages of high-
25 efficiency particulate air (HEPA) filters with· a high-efficiency gas 
26 adsorption filter between the two HEPA f i lter stages . The f inal filtration 
27 stage will also have a backup system. Figure 3 shows a schematic of the 
28 proposed ventilation system . 
29 
30 The decontamination factors for the various pieces of equipment are 
31 listed for each constituent in Table 6. Tritium is in the form of tritiated 
32 water and partitions in direct proportion to nonradioactive water. The 
33 efficiency of the condenser and the high-efficiency mist eliminator depends on 
34 the temperature and hum idity of the vapor entering the cell treatment system. 
35 The temperature of the vapo r exit i ng t he co ndenser will be approximately 
36 40 degrees Fahrenheit (°F) . 
37 
38 
39 4.1.2 _Annulus and Building Ventilation Control Systems 
40 
41 All annulus and building ventilation systems use a dual HEPA filter to 
42 prevent release of particulate rad ionucl ides to the atmosphere under accident 
43 conditions. There are no planned emissions from these sources. 
44 
45 
46 

15 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

·13 

14 
15 
16 
17 
18 

Table 6. Decontamination Factors. 

Radionuclide Condenser HEME HEMF 

H-3 At least. At least 1 
2.8 1.5 

Sr-90- 3.0 15 3000 

Y-90 3.0 15 3000 

Ru-106 1.5 1. 25 1 

Rh-106 1.5 1. 25 1 

Sn-113 1.5 1. 25 1 

Sb-125 1. 5 1. 25 1 

I-129 1.5 1. 25 1 

Cs-137 4.0 15 3000 

Ba-137m 4.0 15 3000 

Pu-239 3.0 15 3000 

HEME= high-efficiency mist eliminator. 
HEMF = high-efficiency metal filter. 
HEGA = high-efficiency gas adsorption. 
HEPA= high-efficiency particulate air. 

19 4.2 MONITORING SYSTEM 
20 
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HEPAs/HEGA 

1 

1E+05 

1E+05 

2 

2 

2 

2 

50 

1E+05 

lE+OS 

lE+OS 

21 The primary emission monitoring system will comply with 40 Code of 
22 Federal Regulations (CFR) 61, Subpart Hand referenced requirements, and will 
23 consist of a near isokinetic sampling probe in accordance with ANSI Nl3.l with 
24 an air particulate record sampler, an iodine sampler (I-129), and a tritium 
25 sampler. Additionally, an a/B / y monitor will be installed for process 
26 information. The primary ventilation system effluent flow rate shall be 
27 monitored by using 40 CFR 60, Appendix A, Method 2 compliant instrumentation. 
28 
29 Samples will be removed once a month and sent to the 222-S Laboratories in the 
30 200 West Area and will be analyzed by using 40 CFR 61, Subpart H, Method 114 
31 compliant methods. The primary emission monitoring system will be located in 
32 the ductwork before the addition of the support facility exhaust. An 
33 additional particulate record sampler will be installed in the stack itself. 

17 
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1 5.0 ABATED RELEASE RATES 
2 
3 
4 This section provides information regarding the emission release rates 
5 from the MWTF with the emission control system in place. Also included i s the 
6 effective dose equivalent to the MEI offsite resulting from abated emissions. 
7 
8 
9 5.1 ABATED EMISSIONS 

10 
11 Abated emissions, calculated using the decontamination factors shown in 
12 Table 6, are provided in Tables 7 and 8 for the nominal and extreme cases, 
13 respectively. 
14 
15 
16 Table 7. Abated Emissions - Nominal Case. 

17 

18 

19 

20 

21 

22 

23 

24 
25 
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Radionuclide 

H-3 

Sr-90 

Y-90 

1-129 

Cs-137 

Ba-137m 

Pu-239 

241-HN Tank Farm 241-SN Tank 

Ci/yr Ci/yr 

1. 40E+OO 7 .13E-Ol 

l.59E-07 7.95E-08 

1. SSE-07 7. 77E-08 

7.17E-05 3.54E-05 

4. 54E-09 2. 27E-09 

4.36E-09 2. lSE- 09 

3. ?0E- 11 l.92E-11 

19 
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1 

2 

Table 8. Abated Emissions - Extreme Case . 

Radionuclide 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 
15 
16 
17 5.2 ABATED DOSE 
18 

H-3 

Sr-90 

Y-90 

Ru-106 

Rh-106 

Sn-113 

Sb-125 

I-129 

Cs-137 

Ba-137m 

Pu-239 

241-HN Tank Farm 241-SN Tank Farm 

Ci/yr Ci/yr 

2.53E+OO 1. 77E+OO 

6.63E-07 5.96E-07 

6.60E-07 5.83E-07 

2.48E-06 2.48E-06 

2.46E-06 2.46E-06 

4.33E-06 4.45E-06 

2 .16E-05 2.21E-05 

l.lOE-04 7.17E-05 

l.73E-08 l.51E-08 

l.67E-08 l.41E-08 

5.47E-11 3. 70E-11 

19 The abated dose to the MEI, located 16 km east of the 200 East Area, is 
20 shown in Tables 9 and 10. The unit dose factors included in Tables -9 and 10 
21 are described in Section 3.2. 
22 
23 The dose resulting from all Hanford Site operations in 1992 was 
24 determined to be 0.004 millirem per year (mrem/yr) for an individual located 
25 at Ringold (PNL 1993). The maximum abated emissions resulting from the MWTF 
26 (less than 0.00015 mrem/yr), in conjunction with other operations at the 
27 Hanford Site, will not result in a violation of the National Emission 
28 Standards (40 CFR 61) (10 mrem/yr). 

20 
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5 

6 

7 
8 
9 

10 

11 

12 
13 
14 
15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 
28 

29 

30 
31 
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Radionuclide 

H-3 

Sr-90 

Y-90 

I-129 

Cs-137 

Ba-137m 

Pu-239 

Total 

Radionuclide 

H-3 

Sr-90 

Y-'-90 

Ru-106 

Rh-106 

Sn-113 

Sb-125 

I-129 

Cs-137 

Ba-137m 

Pu-239 

Total 
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Table 9. Abated Dose - Nominal Case . 

Unit Dose Factor 241-HN Tank Farm 241-SN Tank Farm 

mrem/Ci Ci /yr mrem/yr Ci/yr mrem/yr 

2. 19E-05 l.40E+OO 3.07E-05 7 . 13E-Ol 1.56E-05 

4.38E-02 l . 59E-07 6.97E-09 7.95E-08 3.48E-09 

3.77E-04 l.55E-07 5.86E-11 7. 77E-08 2.93E-ll 

2.91E-Ol 7.17E-05 2.09E-05 3.54E-05 1. 03E-05 

2.39E-02 4.54E-09 l,09E-10 2.27E-09 5.43E-11 
(Including 
Ba-137m) 4.36E-09 2. 18E-09 

8.67E+OO 3.70E-11 3.20E-10 1.92E- ll 1.67E-10 

NA NA 5.16E-05 NA 2.59E-05 

Table 10 . Abated Dose - Extreme Case. 

Unit Dose 241-HN Tank Farm 241-SN Tank Farm 
Factor 

mrem/Ci Ci/yr mrem/yr Ci/yr mrem/yr 

2. 19E-05 2.53E+OO 5.54.E-05 1. 77E+OO 3.88E-05 

4.38E-02 6.63E-07 2.90E-08 5.96E-07 2.61E-08 

3.77E-04 6.60E-07. 2.49E-10 5.83E-07 2.20E-10 

2.09E- 02 2.48E-06 5.17E-08 2.48E-06 5. 17E-08 
(Includ ing 

Rh-1 06) 2. 46 E-06 2.46E-06 

l.18E-03 4.33E-06 5.llE-09 4.45E-06 5 .. 26E-09 

4.lSE-03 2.16E-05 8.97E-08 2.21E-05 9.17E-08 

2.91E-Ol l. lOE-04 3.19E-05 7. 17E-05 2.09E-05 

2.39E-02 1. 73E-08 4.14E-10 1. SlE-08 3.60E-10 
(Including Ba-

13 7m ) 1.67E-08 l.41E-08 

8. 67E+OO 5.47E-ll 4.74E-10 3.70E-ll 3.20E- 10 

NA NA 8.75E-05 NA 5.98E- 05 

21 
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1.0 Executive Summary 

This document has been prepared to report th e determinations of best available radionuclide 

control technology (BARCT), as defined by Chapter 246-247 of the \Vashington Administrative 

Code, for the reduction of emissions resulting from Project W-236A, Multi-Function Waste 

Tank Facility (MWTF) at the U.S. Department of Energy's (DOE) Hanford Site. 

DOE's Hanford Site is located approximately 20 miles (32 kilometers) northwest of Richland, · 

Washington. The MWTF will be located near the center of the Hanford Site and comprises six 

I-million gallon (nominal) underground waste storage tanks and two separate support systems 

in the 200 East and 200 West Areas . Two of the tanks will be installed in the 200 West Area, 

and four in the 200 East Area. The tanks v.·ill be designed to contain radioactive mixed wastes 

which have been generated by various production processes at the Site. 

The Hanford Site is currently working to resolve major tank waste safety and environmental 

issues. A major priority of the MWTF is to allow environmentally safe transfer and storage of 

waste from aging single shell tanks (SST) to facilitate removal of the SST from service and 

storage of waste from specific double shell tanks (DST) designated as "watchlist" tanks. The 

MWTF will be utilized in conjunction with other planned waste handling activities by the Tank 

Waste Retrieval System (TWRS) organization. 

The nature of the waste to be stored in the M\1/TF is. such that air pollutant emissions are 

expected, including various rad ionucl ide. organic. and inorganic compounds. The exhaust 

stream from the tank is anticipated to be a mixture of solid and liquid particulate matter (aerosol) 

and vapors . Emission estimates have been deveioped for the MWTF based upon character

izations of waste which could potentially be stored in the MWTF . .. 

Estimates for emissions of the uncontrolled airstream from the MWTF have been developed 

based on the radionuclide content of the waste in tank 241-AZ-101 (101-AZ) located in the AZ 

tank farm ofTWRS and engineering judgement. 101-AZ contains neutralized current acid waste 

(NCA W) solutions from the plutonium uranium extraction (PUREX) plant. These NCAW 

wastes are known to contain greater than 99 percent of waste fission products from past PUREX 

operations and are some of the most radioactive slurries contained in Hanford Site tanks. 
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Th~ majority of the rad ionucl ide emissions are expected to be particulate matter (PM), although 

tritium (3H), iodine-129 (1"9I), ru then ium- 106 (' 06Ru), rhodium- 106 (1 06Rh), antimony-125 (1 25Sb) , 

and tin-113 (1 13Sn) are expec ed to be present in the tank headspace as radioactive gases. 3H , 
129!, and the other gaseous radionuclides wi ll contribute less than 0 .001 percent of the total 

uncor:itrolled committed effective dose equivalent (CEDE) to the maximally exposed individual 

(MEI); thus, only particulate radionuclides will be evaluated for BARCT. 

Although not cost-effective, a complex particulate emissions control system will be utilized for 

the MWTF. The economic analysis of the control system revealed an economic impact of 

$392,660 per person-rem reduced for 200 East and $419,405 for 200 West; however, given the 

uncertainty of the emissions characterization and the Hanford Site goal of meeting the derived 

concentration guidelines (DCG) , the control system will be utilized for this project. The 

emission control system will consist of ch illed water condenser, a high-efficiency mist eliminator 

(HEME), a high efficiency metal fiber (HEMF) filter, and a high efficiency particulate air 

(HEPA) filter. 

After the control system decontamination factor was applied, the CEDE to the MEI was 

calculated. The controlled total CEDE to the iv!EI for 200 Eas_t was 8. 75 E-05 millirem per year 

(mrem/yr) and 3.27 E-05 for 200 West. The controlled CEDE to the 1v1EI for both the 200 East 

and 200 West MWTF is significantly below the applicable U. ·S. Environmental Protection 

Agency (EPA} guidelines for the Hanford Site. 
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2.0 Introduction 

The objective of this document is to repon the determin::nions of best available radionuclide 

control technology (BARCT) for Project W- 236A, Multi-Function Waste Tank Facility (1vfWTF) 

at the U.S. Department of Energy ' s (DOE) Hanford Site . The BARCT will support the notice 

of construction (NOC) that mus~ be submitted before Project W-236A can proceed. 

The U.S. DOE's Hanford Site covers approximately 560 square miles of semi-arid land in 

southeastern Washingtol'l, northwest of Richland. The MWTF will be located in both the 200 

East and 200 West Areas near the center of the Hanford site. Figure 2-1 shows the geographical 

location of the Hanford Site and identifies the 200 East and 200 West Areas within the· Hanford 

Site boundary. 

2. 1 Background 

Current waste volt~.me projections indicate a need for additional tank space on a priority basis. 

To satisfy retrieval needs, two million gallons of tank space is needed in the 200 West Area and 

four million gallons of tank space is needed in the 200 East Area. The additional waste storage 

tanks will provide safe, environmentally acceptable storage capacity to handle wastes from single 

shell tanks (SST) and double shell tanks (DST) safety issues and mitigation, and remediation 

activities. In addition to having space for resolution of safety issues, space is needed for related 

retrieval demonstrations, and to support the long-term cleanup mission at the Hanford Site. 

2.2 Scope of the BARCT Analysis 

The Washington Depanmenr of He1lth (DOH) in :i.ccord:i.nce with the Washington Adrpinistrative 

Code 01/ AC) 246-247, Radioactive Air Emission Regulations (Amended), has informed DOE that 

a pennit application will be required for Project W-236A, including a BARCT anll!ysis. BARCT 

is defined by the regulations as "technology which will result in a radionuclide emission 

limitation based on the maximum degree of reduction for radionuclides from any proposed newly 

constructed or significantly modified emission units that the licensing authority determines is 

achievable on a case-by-case basis. A BAR CT compliance demonstration must ·consider energy, 

environmental, and economic impacts and other costs through examination of production 

processes, and available methods, systems, and techniques for the con.trol radionuclide emissions" 

(DOH, 1994). 
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2.2.1 Identification of Control Op tions 

A thorough review of available conrrol tec:1:1o lo gies .or r:idionuclide air emissions was 

performed. Included in this review were liter:i:ure se::irches. previous BARCT de terminations, 

regulatory agency information, vendor informatio n, and other conrro l information as available. 

2.2.2 Technical Feasibility " 

Evaluation for technical feasibility of the various control technologies involved considering the 

expected conditions of the M\VTF, its planned activi ties, space limitations, capabilities of the 

technologies, and other technical characteristics . Each conceptual control option was evaluated 

for technical feasibility. Options which are no t feasibl e were then eliminated from further 

development. 

2.2.3 Economic, Environmental, Energy, and Other Impacts 
For each technically feasible option considered, a thoro ugh determination of economic, 

environmental, energy, and other impacts was completed. Economic impacts involved developing 

an expected reduction in the committed effective dose equivalent (CEDE) to the maximally 

exposed individual (MEI) expressed in dollars/person-rem based on annualized capital and 

operating costs. Environmental impacts included waste generation and disposal, and other 

impacts which affect the Hanford Site workers and the public. Additional impacts specific to the 

MWTF were also considered. 

2.2.4 BARCT Selection Process 

Each technically feasible control option was r:lilked according to control efficiency. The control 

option exhibiting no significant adverse economic. environmental, or other impact was selected 

as BARCT. 
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3.0 Description of the Multi-Function V✓aste Tank Facility 

3.1 General Facility Description and Layout 

The :MWTF comprises the 200 East and 200 West A.re as as shown in Figure 3-1. The facility 

will be used to store radioactive mixed waste from other tanks in the Tank Waste Retrieval 

System (T\VRS). 

The expected radiolytic heat generation rate in the MWTF will range up to 770,000 British 

Thermal Units per hour (Btu/hr) with an expected nominal value of 110,000 Btu/hr. Radionuclid

es present in the tank include strontium-90 (90Sr), yttrium-90 ('»y), cesium-137 (137Cs), barium-

137m (137mBa), tritium (3H), antimony-125 ( 125Sb). rhodium-106 (106Ru), plutonium-239 (239Pu), 

plutonium-240 (240pu), rhodium-106 (106Rh), tin-113 (113Sn), and iodine-129 (129n. 

Each underground tank is to consist of two concentric structures. The outer structure shall 

consist of steel-lined reinforced concrete, and is referred to as the secondary confinement 

. structure. The reinforced concrete will be designed to sustain all soil loadings, dead loads, live 

loads, seismic loads, and loads caused by . temperature gradients between the radioactive wastes 

confined within the primary storage t::mk and the outside soil. 

The secondary liner will be carbon steel extending along the bottom, sides and upper haunch of 

the reinforced concrete just beyond the upper knuckle of the primary storage tank. The 

secondary confinement structure and supporting systems shall provide the secondary confinement 

as defined by the DOE· Order 6430. l A The inner. completely enclosed, carbon steel primary 

storage tank shall be loc:J.ted withi n the second:i.ry co nfinement structure and shall be separated 

from the secondary confineme nt srructure by :rn m nu l:i.r spc.ce. 

The primary storage tank is designed to co nfi ne the ndioactive mixed waste, while the secondary 

confinement structure will safe ly confi ne my leak:ige from the primary storage tank. 

3.1.1 Primary Storage Tank 

The primary storage tanks design will be per the American Society of Mechanical Engineers 

(ASME) Boiler and Pressure Vessel Code. Section III. and shall comply with all applicable 

Federal and State Codes and H:inford Pl:in t S rand:i.rds. 

Provisions are to be made fo r inspec tion m d corrosion monitoring to assess primary storage tartk 
integrity during the design life of the trnk. :i.nd io r flushi ng. decontaminating, and cleaning of 
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the tanks, as required, to avoid mixing or" different ,v:1ste contents. In addition, the design will 

enable pumpout of the primary stor:1ge unk to within 2 perce nt of the nominal tank capacity 

(maximum tank heel). To minimize the buildup of solids at the tank bottom and to enhance heat 

transfer, the primary storage tanks are des igned to accep t a waste-mixing system. 

3.1.2 Secondary Confinement 

Reinforced concrete will be used to support the bottom and walls of the secondary liner and 

support the primary storage tank and its contents. During design, the effect of thermal transients 

on the reinforced concrete induced by the primary storage tank liquids level cycling will be 

evaluated. The ventilation systems are designed to limit the temperature of the secondary 

confinement structure to the design temperatures. 

The annular space between the _primary stor.ige tank and secondary confinement structure shall 

be of sufficient width to allow penetrations from the top for inserting _liquid level and leak 

detection devices; equipment for 100 percent visual inspection of the primary storage tank 
. 

exterior cylindrical wall and the inner wall surface of the secondary liner, equipment for 

ultrasonic inspection of selected areas of the primary tank exterior wall and secondary liner _inner 

wall; ventilation air supply; and pumping equipment to remove leaked material from the annular 

space. The secondary liner shall be designed to confine the radioactive liquids in the event of 

a leak or failure of the primary storage tank until the liquids are removed to another tank. 

3.1.3 Instrumentation and Control 

Integral wall, dome, haunch, and base temper.iture sensing devices (redundant or replaceable) will 

be installed in the concrete to aid .1dminisrr:1tive control of thermal gradients in the secondary 

confinement structure resulting from processing and storage operations. Temperature sensing 

devices located in the supporting pad will prov ide similar control. 

Temperature sensing devices, redundant liquid level measuring devices, sampling devices, sludge 

level measuring devices, and high liquid level alarm devices shall be installed to monitor the 

contents of the primary storage tanks . 

Liquid detectors in the annulus space and r.idiation air monitors in the annulus shall be installed 

to detect leaks from the primary storage tank. Leak detectors and/or radiation monitors shall be · 

installed in the MwrF cells. pits, and rooms subjec-t to leakage of radioactive and/or hazardous 

materials. 
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Effluent air monitors 1nd air s::i..rnplers will be insr::i.Jled on the ve:1til:J. tion systems to detect and 

measure radioactive and toxic m:iterial re le:i.ses to the atmosphere. Alanns shall be provided for 

low flow and loss of sample airflow to the rr.onitors. This a.Lmn will be separate and distinct 

from that for high radiatio n. Continuous particubte matter sa.n1pling will be provided by the 

near-isokinetic air sampling system. 

A device to measure concentration of ignitable and hazardous gases in the vapor space within 

each tank shall be provided. The device shall be able to detect the presence of and continuously 

measure hydrogen, carbon monoxide, hydrogen sulfide, carbon disulfide, nitrous oxide, ammonia 

and organic gases which might be gener:.i.ted by the waste stored in the tank. 

3.2 Primary Ventilation and Heat Removal System 

Anticipating the potential for radionuclide air emissions, preliminary design considerations for 

the MWTF included the development of a multistage emission control syster:n. Each waste 

storage tank shall be provided with a primary ventilation and heat removal system. To provide 

for operational flexibility and separation of dissimilar waste forms, each primary ventilation 

system shall be designed so that vapor condensate can be returned to its tank of origin. The 

primary ventilation system equipment shall be contained in a building (Support Facility) and be 

conneGted via encased underground stainless· steel ductwork to dedicated risers· on the primary 

storage tanks. 

Recirculation of the exhaust stream for co'oling purposes has not been included in the MWTF 

exhaust system design. Heat loading estim:nes fo r the wr,Jcs have shown that appropriate cooling 

levels can be maint.'.!.ined bv th e no !T.7:J.1 O[:er:i.tion of the ventilation system and inlet air flow 

system. 

Considering the potential emissions from the \1\VTF 1nd the nature of the exhaust stream, a 

combination of particulate matter concrols were selected for the base case emissions c9ntrol 

system. The system will consist of a v:i.por condensing system, high-efficiency mist eliminator 

(HEME), high-efficiency metal fiber (HE\1F), and high-efficiency particulate air (HEPA) 

particulate filtration. In addition. orgmics present in the exhaust stream warrant use of a high 

efficiency gas adsorption (HEG A ) system. ...\ set of exhaust f ms will be provided to discharge 

filtered air to the ventil:J.tion stack. E::ic h w:i.ste sto r:i.ge t3.Ilk system shall also be provided with 

an air intake system equipped with HEPA filters to provide adequate supply of air into the tank 

vapor areas for operation of the prim:ir_-.' ventil:i. tio n sy stem within the range or tank pressure 

specified. All heaters. conde:i sers. moi sture dimin:ito r equipment, HEPA filters, and exhaust fans 
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will be located in concrete shells or enclosi.:re s fo r confinement of r:i.dioactivi ty and for shielding. 

Schematics of the base case control sys tem :ire shown in Figures 3-2 and 3-3 for the 200 East 

and 200 West MWfF. 

Each tank in the MWTF will initially be exhausted through a "treatment cell" consisting of the 

condenser, HEME, heater, and HEMF. A condenser cooling system will be utilized to cool and 

remove vapors from the ventilation air stream. Vapors in the ventilation stream are condensed 

on the shell side of the condenser by a chilled water system. The condenser system will reduce 

the exhaust stream temperature of 200°F to 40°F. The chiller units will be designed to remove 

0.5 million British thermal units per hour per tank (MB tu/hr/tank) at a ventilation flow rate of 

500 ft3 /min. The chilled water system design will allow operation at a pressure higher than the 

pressure in the primary tank ventilation system to prevent contamination of the cooling water 

system in the event of a leak in the condenser. 

Following the condenser, the HEME will be installed to provide complete fog removal. A 

cleaning water spray will operate as needed to maintain the removal efficiency of the HEME. 

The air downstream of the HEME is to be heated to prevent moisture accumulation on the 

HEPAs in the air filter train. The heater will be designed to increase the temperature from 40°F 

to 52°F. 

The HEMF filters shall be installed to remove radioactive and other particulate contaminants and 

to minimize contaminant buildup on the HEPA filters. The HEMFs shall be provided with a 

remotely operated backwash system to prevent plugging and for decontamination. 

Before passing through the HEPA :i.nd HEGA fi ltration systems, the individual tank exhaust will 

be combined; thus, in the 200 East i\1\VTF, four tanks will be combined into one exhaust stream, 

while in. the 200 West MWTF, two tanks will be combined prior to final filtration. 
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4.0 Uncontrolled Radionuclide Air Emissions 

MWTF operations will involve the stor.ige of waste from v:uious t.1Ilks at the Hanford Site. 

Precise characterizations for the waste to be stored in the MWTF are unavailable given the 

uncertainty of retrieval operations and the contents of the existing tanks. However, radionuclide 

emission estimates have been developed from other waste tank characterizations for two emission 

cases: extreme and nominal. 

4. 1 Extreme and Nominal Cases 

Within the storage tanks, the combination of sludge, waste liquid, and heat result in a moisture 

laden head.space; thus, exhaust from the waste tanks will be in the form of an aerosol, which is 

defined as a dispersion of microscopic solid and liquid particles in a gas phase (Wark and 

Warner, 1981). The exhaust stream characteristics differ significantly for the extreme and 

nominal case. Table 4-1 is a comparison of exhaust stream characteristics. As shown, the heat 

load . of the extreme case is approximately seven times greater than the nominal case. 

Subsequently, the extreme c:ise exhaust has a much higher humidity and ~emperature. 

Estimates for the extreme case emissions of the uncontrolled airstream from the MWTF have 

been developed based on the radionuclide content of the waste in 241-AZ-101 (101-AZ) located 

in the AZ tank farm of 1WRS. 101-AZ contains neutralized current acid waste (NCA W) 

solutions from the plutonium uranium extraction (PUREX) ~processing plant. These NCAW 

wastes are k:now_n to contain gre:ner than 99 percent of waste fission products from past PUREX 

operations and are some of the most radioactive slurries contained in Hanford Site tan.ks. 

Emission estimates assume th:it ,!1is -.i.:aste wi ll not be dilu ted upon transfer to a MWTF tank. 

In addition, it is assumed that neutr3.liution, sludge washing, or other operations that would 

require chemical additions to the waste do no t occur in the MWTF tank when undiluted NCAW 

waste is present (Meisinger, 1994a.b). 

Nominal case emission estimates were developed from engineering judgement and an evaluation 

of historical records of the Hanford Site 's waste tank activities (Meisinger, 1994a,b). 

4.2 200 East and 200 West MWTF Uncontrolled Radionuclide Emissions 

The MWTF will include two tanks in the 200 West A.re:i and four tanks in the 200 East Area. 

For the emission estimates. it was :issumed tha t :il l six tanks will process similar types of waste. 

To provide an accurate estimate of the emissio ns fo r each area while maintaining conservatism, 

it was assumed that each area wou ld co nt J..i n one tank representing the extreme case and the 
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Table 4-1 

Comparison of Exhaust Stream Characteristics for Extreme and Nominal 
Case Emissions 

Tank Characteristic Extreme Case Nominal Case 

Heat Load (BTU/hr) 7.0 E+OS 1.1 E+0S 

Vapor Space Temperature (°F) 1n 106 

Vapor Space Humidity (lb/lb dry air) 0.211 0.021 

Waste Vapor Pressure {inches of mercury) 0.93 NIA 

KN\ul1000\Z36ABACT.4-1\07-29-~ 



remaining tan.ks representing nomin:11 conditions. Thus, in the 200 East Area. one tank will 

represent ,the extreme case, while three tanks will be nominal ; in the 200 West Area, one tank 

will be extreme and one tank will be nomin:11. The expected spec_iation of the exhaust stream 

for both cases is that all radionuclides would be particu late matter (P~1) with the exception of 

3H, ,129I, ·106Ru,106Rh, 113Sn, and 12ssb. 

Tables 4-2 and 4-3 present estimated uncontrolled radionuclide emission rates in curies per year 

(Ci/yr) in addition to uncontrolled CEDE to the MEI for the 200 East MWTF and the 200 West 

· MWfF, respectively. 

For the 200 East Area, the highest radionuclide particulate emission rates are from 90Sr, 90y, 
137cs, and 137mBa. with emission rates of 9.06 E+03, 8.95 E+-03, 3.12 E+-02, and 2.89 E+-02 

Ci/yr. 3H has the highest gaseous r:idion uc lide emission rate of 6.18 E+-0 I Ci/hr. Dose 

conversion calculations resulted in a total uncontrolled CEDE to the MEI of 4.33 E+02 millirem 

per year (mrem/yr). The percentage of total dose contributed by each of the gaseous 

radionuclides is less than 0.0007 percent; thus, they will not be evaluated for BARCT (DOH, 

1994). 

For the 200 West Area, the highest radionuclide particulate emission rates are from 90Sr, 90y, 
137Cs, and 137mBa with emission rates of 8.01 E+-03, 7.91 E+-03, 2.70 E+-02, and 2.50 E+-02 Ci/yr 

respectively. 3H has the highest gaseous radionuclide emission rate of 5.89 E+O0 Ci/yr. Dose 

conversion calculations resulted in a total uncontrolled CEDE to the MEI of 2.27 E+-02 mrem/yr. 

The percentage of total dose contributed by each of the gaseous radionudides is less than 0.0005 

percent; thus, they will not be ev~ uated for BARCT (DOH, 1994). 

CEDE to the MEI calculations were perfo nned using unit dose conversion factors and methods 

from Unit Dose Calculation J1ethods and Summary of Faci!iry Effiuent Monitoring Plan 

Detenninations (WHC, 1991 ). In the document. unit dose conversion factors are given in rem 

or mrem exposure per one curie release fo r each Site area (200 East, 200 West, etc.) based on 

modeled atmospheric releases by the U.S. Environmental Protection Agency (EPA) approved 

Clean Air Assessment Package (CAP)-88 (Beres. 1990). The dose conversion factors were 

applied tq_ the estimated Ci/yr emission r:ices to yield the CEDE to the MEI in rem/yr or mrem/yr. 
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Table 4-2 

200 East MWTF Uncontrolled Committed Ettective Dose Equivalent 
to the Maximally Exposed lndividuala 

CAP-88 Dose 
Uncontrolled Conversion Uncontrolled 

Annual Emissions Facto~ CEDE to MEI 
Radionuclide (Cl/yr) (mrem/CI) (mrem/yr) 

137msac 2.89 E+02 2.39 E-02 6.90 E+00 

137cs 3.12E+02 2.39 E-02 7.45 E+00 

3H 6.18 E+01 2.19 E-05 1.35 E-03 

1291 9.98 E-03 2.91 E-01 2.90 E-03 

239pu 7.47 E-01 8.67 E+00 6.48 E+00 

240pu 1.36 E+00 8.66 E+00 1.18 E+01 

106Rhd 9.34 E-06 2.09 E-02 1.95 E-07 

106Ru 9.62 E-06 2.09 E-02 2.01 E-07 

125Sb 8.17 E-05 4.15 E-03 3.39 E-07 

113sn 1.56 E-05 1.18 E-03 1.85 E-08 

90sr 9.06 E+03 4.38 E-02 3.97 E+02 

90y_ 8.95 E+03 3.77 E-04 3.37 E+00 

Total 1.87 E+04 4.33 E+02 

~he maximally exposed individual is located 16 kilometers east of the 200 East Area. 
boose conversion factors are for the 200 East Area . 
coose conversion factor for 137mBa is assumed equivalent to the factor for 137Cs. 
doose conversion factor for 106Rh is assumed equivalent to the factor for 106Ru. 
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Percent of 
Total Dose 

(%) 

1.596 

1.721 

0.000 

0.001 

1.497 

2.723 

0.000 

0.000 

0.000 

0.000 

91.683 

0.800 

100.00 
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Parameters used in the development of unit dose conversion factors included: 

• A release height of 10 meters (m) for the CAP-88 factors 

• The maximally exposed individual 16 kilometers (km) (10 miles) east of the 200 

East Area and 24 km (15 miles) east of the 200 West Area 

• Hanford Site Meteorological Station data and on-site meteorological data obtained 

from 1983 through 1987. 
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Table 4-3 

200 West M'NTF Uncontrolled Committed Ettective Dose Equivalent 
· to the Maximally Exposed lndividuala 

CAP-88 Dose 
Uncontrolled Conversion Uncontrolled 

Annual Emissions Facto,-b CEDE to MEI 
Radionuclide (Cl/yr) (mrem/CI) (mrem/yr) 

137msac 2.50 E+02 1.42 E-02 3.55 E+00 

137cs 2.70 E+02 1.42 E-02 3.83 E+00 

3H 5.89 E+01 1.38 E-05 8.13 E-04 

1291 6.70 E-03 1.14 E-01 7.63 E-04 

239pu 4.96 E-01 5.15 E+00 2.55 E+00 

240pu . 1.36 E+00 5.14 E+00 6.99 E+00 

106Rhd 9.34 E-06 1.24 E-02 1.16 E-07 

106Ru 9.62 E-06 · 1.24 E-02 1.19 E-07 

12s8b 8.17E-05 2.47 E-03 2.02 E-07 

113sn 1.56 E-05 7.02 E-04 1.1 0 E-08 

90Sr 8.01 E+03 2.60 E-02 2.08 E+02 

90y 7.91 E+03 2.22 E-04 1.76 E+00 

Total 1.65 E+04 2.27 E+02 

a,"he maximally exposed individual is located 16 kilometers east of the 200 East Area. 
boose conversion factors are for the 200 East Area. 
coose conversion factor for 137m8a is assumed equivalent to the factor for 137Cs. 
doose conversion factor for 106Rh is assumed equivalent to the factor for 106Ru. 
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Percent of 
Total Dose 

(%) 

1.566 

1.689 

0.000 

0.000 

1.124 

3.080 

0.000 

o.Cioo 
0.000 

0.000 

91.768 

o.n3 
100.00 



5.0 Review of Potential Control Technologies 

Many technologies exist fo r the conrrol of p:inicul2.te r:i.dionuclides and gases. The top-down 

BARCT analysis requires review of conrrol technologies for this source category and for similar · 

source categories. After all potential conrrols are identified, those controls which would be 

technically infeasible for this application will be eliminated from further discussion. The 

proposed base case control system will be included in the technical feasibility evaluation. 

5 .. 1 Particulate Radionuclides 
Various particulate rad.ionuclides will be emitted from the MWTF. Controls must be evaluated 

for reduction of particulate matter from the :\f\.VfF. 

5.1.1 BACTILAER Clearinghouse Review and Literature Search 

EPA's best available control technology (BACT)/lowest achievable emission rate (LAER) 

Clearinghouse database was reviewed to determine effective particulate matter control systems. 

Source categories, regulatory basis, and regulatory agency categories were reviewed. Particulate 

control technologies identified included cyclonic separators, dust collectors, electrostatic 

precipitators (ESP), ·fabric filters (b:igho use). filte rs . venturi scrubbers, and wet scrubbers. No 

specific particulate radionuclide conrrol systems were identified. 

Additional control technologies specific to the nuclear industry were determined through the use 

of the National Technical Infonnation Service (NTIS). air pollution control equipment periodicals, 

and other literature. In addition. previous BARCT 1nalysis for paniculate radionuclides were 

used to obtain descriptions of tec :1r.o ·o g:es ident ified fo r past projects. Appendix A contains a 

thorough listing of all resources util ized in the se:lfch . 

5.1.2 Description of Control Technologies 

This section describes the available particubte and aerosol control technologies that may be 

employed to control emissions from the facility . Technical feasibility of the control technologies 

is evaluated in Section 5.1.3. 

High-Efficiency Metal Fiber Filter. Tne HE:\-1F filter is composed of fine stainless steel (less 

than 5 micrometers [µm] in di:imeter) fibers si ntered together into a mat. This construction gives 

the filter high holding c:i.pacity. :i. hi gh degree of strength. and low pressure drop (approximately 

3 inches of water (in. H2O). HE:\-1F filters c:i.n be removed and cleaned repeatedly and could last 
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the life of the fac ility withou t being re pl.1ced. In .1ddition. remote cleJ.ning of the filters is 

currently being practiced. The time between cl e::rnings depends upo n the panicle loading and the 

number of filters used. Cleanin g soluci.ons fo r the HE:\1F fi lters will become a liquid waste. 

Free liquids with dissolved acid gases can cause corrosion and fail ure if contacted with the filter, 

however, failure can be. prevented by cleaning the fi lters after exposure to acid gases. HEMF 

filters are less likely than other. filters to fail during plant upsets. The primary suppliers of 

HEMF filters, the Pall Corporation, guarantees a removal efficiency of greater than 99.99 percent 

for particles larger than 0.1 µm in a single HEMF filter stage , although efficiencies as high as 

99.99999 have been demonstrated in some appl ications 0.,1oore, M. , 1993). Copies of personal 

communications are located in Append.ix B. 

Ultra Low Penetration AirNery Large Scale Integration Filter. The physical 

characteristics of the ultra low penetration air (ULP A)/very large scale integration (VLSI) filters 

arc similar to the HEPA filters, but have higher panicle removal efficiencies (99.995 to 99.99999 

percent) due to the smaller diameter media used in the filter. The filters at the low end of this 

removal efficiency range are known as ULPA filters, while the filters at the high end of this 

range are referred to as VLSI filters. The ULP A/VLSI filters have a higher pressure drop as a 

result of the higher efficiency. ULPA/VLSI fil ters are composed of a collection of randomly 

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

usually 10 to 20 millimeters thick and is pleated with separators between the folds so that a large 

filtering area can be placed into a relatively small module (Donovan et al., 1987). 

High-Efficiency Particulate Air Filter. HEP . .\ fil ters are commonly used for the removal of 

submicron particles in the nuclear industry . They are di sposable, extended-medium, dry filters 

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

efficiency of 99.97 percent for 0.3 µm thermally-generated, monod.isperse dioctylphthalate (DOP) 

particles, and a maximum pressure drop of 1 in. H20 when clean and operated at rated airflow 

capacity. The core of the HEPA 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 metal casing (frame). The 

filter paper itself is composed of very fine (submicron) glass fibers in a matrix of larger (1 to 4 

µm) fibers and held with an organic binder (B urchsted et al., 1976). 

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

the clean filter pressure drop . The serv ice life of a HEPA filter depends on the amount of PM 
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in the offgas, and can be extended by removing LTiger P~1 in upstream emissions cori trols. 

HEPA filter failure can occur if exposed to high temperatures and pressures (EPA, 1991). 

Excessive amounts of mois ture, either fro m airborne dro plets or condensation on the element, can 

completely plug the filter and result in failure by overpressure (Allen et al.~ 1989). 

Deep Bed Sand Filter. Sand filters are deep beds (several feet thick) consisting of rock, 

gravel, and sand constructed in layers with approximately 2-to-1 ~n size ratio from layer to 

layer. The flow is upward through the bed, with the 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 panicles, while the layers of finer sands 

provide high efficiency removal. Deep bed sand filters can remove 99.95 percent of 0.3 µm 

particles. 

Deep Bed Glass Fiber Filter.- Deep bed glass fiber filters are 0.2- to 2.1-m deep beds 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 ex.it. 

Gas flows upward with the larger particles being removed in the low density stage and the 

smaller particles in the high density stage (B attelle. 1984). Removal efficiency of deep bed glass 

fiber filters is 9?.9 percent .for 0.3 µm panicles. 

Fabric Filter (Baghouse). A fabric fil ter collector is composed of many fabric filter bags that 

collect entrained particles. Panicle-laden gas is introduced into the baghouse and is directed 

through the cylindrical filter bag. The pJ.rticles fo rm a cJ.ke on the bags, which enhances 

removal efficiency. The bags are r:ipped or blown cl ean at predetennined intervals or when the 

pressure drop increases significantly . The particles are deposited in a hopper at the bottom of 

the unit Filter bags must be changed periodically and would require remote changing because 

the fabric will be contaminated with r:idion uclides. 

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). If fiberglass 

is used as the bag material. the maximum operating temperature for baghouses is 550°F. 

Efficiencies of greater than 99.5 percent are dependent upon particle size distribution. 

Electrostatic Precipitator. The ESP uses energized discharge electrodes that produce a high 

voltage electric field between the discharge electrodes and grounded collection plates. Particles 
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entering the ESP acquire a charge and rrugn .te to th e collecting plates . In a wet ESP, the 

particles are captured in a liquid state. then flo w down the pl ates and are collected at the bottom. 

Particles can be removed by autom:uic:i..l iy r:ippin g the pbtes (Battel le, 1984). ESPs are 

extremely effective at removing fine panicles and aerosols . Removal efficiencies of 99 percent 

and greater can be achieved for panicles do wn to 0.1 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. 

Hydrosonlc Scrubbers. Hydrosonic atomized scrubbers are wet scrubbing systems in which 

the energy for cleaning and pumping the dirty 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 fined with a water injec tion ring. The steam or air jet causes a violent 

shattering of water droplets and subsequent turbulent mix ing of the gas and water in a converging 

section of piping. Extremely fine panicles a.re captured on the water droplets. 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 cyclone. A particulate removal efficiency of 

approximately 99 percent is achieved for 0.1- to 10-µm particles. 

Packed Bed Scrubbers. Packed bed scrubbers are made up of vertical towers filled with 

packing to provide a large surface area for the off-gas to contact the scrubbing solution. In 

countercurrent scrubbers, the scrubbing solution flows down from the top of the tower through 

the packing, while the off-gas moves up through the tower. Bed depth in packed countercurrent 

scrubbers is typically 0.6 to 1.8 m. Gas velocities typically range between 0.9 and 1.8 meters 

per second (mis). These scrubbers :ire not c:i.pable of achieving a sufficiently high gas velocity 

to effectively remove smaller panicles: however. a particulate removal efficiency of 99 percent 

for particles larger than 2 µm is achievable. 

The size of the packing material influences its ability to remove contaminants. Coarsely packed 

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

sized contaminants, but because of pressure drop considerations, the velocity throughout the bed 

must be kept below 0.3 rn/s. The finely packed beds have a greater tendency to plug, so their 

applications are generally limited to gas streams with low grain loadings (Buonicore and Davis, 

1992). 

Perforated Plate Mist Eliminator. Perforated pl:lte mist eliminators consist of two perforated 

metal sheets welded together and uni fo rm ly spaced a few thousandths of an inch apart. The 
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perlorations in the adjacent plate are offset so th at the a.ir entering the holes must make t\Vo 90° 

turns before it can exit. Moisture is removed by imp ingement of droplets on the water film 

flowing down bet\Veen the pbtes 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 can 

achieve a particulate removal efficiency of 99 percent for particles between 1 and 10 µm and 

is effective for aerosol removal. The perforated plate mist eliminator must be cleaned regularly 

to prevent fouling of the device. 

High-Efficiency Mist Eliminator. The HEME is composed of regenerable deep-bed fiber 

filters configured in an annular shape to remove submicron aerosols. Gas may flow either from 

the outside to the inside hollow core or from the inside to the outside, 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 materials of construction can be selected for their resistance to gas constituents. The 

HE:MEs 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 impact the fiber and become physically bonded. Continuous or intermittent water 

spraying o~ the filter elements has been used to wash down and cleanse accumulated debris to 

extend the service life of the HEMES; however, soluble particles can migrate through the filter 

and become reentrained (Batte Ile, 1984 ). 

HEMEs are corrunonly used to remove fi ne aerosols and exhibit removal efficiencies of up to 9·9 

percent for aerosols smaller than 3 µm. They are passive devices with low maintenance 

requirements and high reliability . Potential di sadvantages of the HEME include production of 

liquid wastes, produc tio n of solid waste (the spent demister material), potential upsets if air flow 

rates vary significantly, and high pressure drops. 

Tray Tower. Tray towers utilize perfo rated pl:ites with an impingement baffle over each 

perloration. Gas enters at the bottom of the tower and must pass through perlorations in each 

plate before exiting from the top. Conceptual! y, the tray tower expands 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 c::in reach veloc ities of 4.6 to 6.1 m/s. Each jet aspirates liquid 

from the blanket and creates a wetted surf ace 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 liqu id. Upon impingement, each jet forms minute gas bubbles 

which rise through and create turbu lence in the liquid blanket This provides extremely close 

gas-liquid contact fo r maximum cle:ining. Contin uous violent agitation of the blanket by the 



bubbles prevents settling of entr:ipped particles and flushes them away in the scrubbing liquid 

(Buonicore and Davis , 1992). Overall coUectio n efficienci es fo r a single plate ranges from 90 

to 98 percent for 1 µm particles ::.nd low inle t !02.di ngs . Pressure drops of 1 to 4 in. H20 per 

plate are typical. Water requirements usu:i.lly r:111ge from 3 to 5 gallons per 1,000 cubic feet (ft3) 

of gas (Buonicore and Davis, 1992). 

Ejector Venturi Scrubber. The ejector venturi scrubber (EVS) (also called a jet or eductor 

scrubber) utilizes a high-pressure spray nozzle to atomize scrubbing liquid into droplets. The 

EVS introduces the scrubbing water into the rear of the converging section of the venturi. The 

velocity of the sprayed water droplets creates a draft that draws the diny gas into the body of the 

scrubber. The water-laden gas is then accelerated through the throat section of the venturi and 

into the diverging section, where the majority of the panicle capture takes place. Although the 

contact ti.me 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. A particulate removal efficiency of 90 percent is achieved for particles larger than 2 

µm and low inlet loadings. The device is compact and requires little space, is easy to operate, 

and has few vulnerable internal components. These units have a large water consumption 

compared to other scrubbers (50 to 100 gallons per 1.000 fr of gas handled). · An advantage of 

the EVS is that it can accommodate wide vari ations in inlet gas volume, temperature, and 

composition. 

Impingement and Entrainment Scrubbers. In these orifice-type scrubbers, the gas stream 

comes into contact with a pool of liquid at the entr.J.nce to a constriction. Liquid is entrained and 

carried into the restriction. where greater liqu id-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 located in the upper part of the unit 

Pressure drop typically ranges from 3 to 10 in. H20 ; collection efficiencies usually range from 

90 to 95 percent The main advantage of orific7-type systems is their ability to handle high dust 

concentration and high solid slurries. 

Multiple Cyclones. A multiple cyclone separator consists of a number of small-diameter 

cyclones that have a common gas inlet and outlet The flow pattern differs from that in a 

conventional cyclone in that the gas enters at the top of the collecting tube and has a swirling 

action impaned to it by a stati onary vane pos itioned in its path. The diameters of the collecting 
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tubes usually range from 0.03 co 0.6 m. A p:micle removal effic iency of 90 percent is achieved 

for particles in the 5 to 10 µm range. 

Spray Towers. Spray towers 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, which enters the tower from the bottom and is scrubbed by the liquid drops as it flows" 

upward. Particle collection is primarily by impaction on water droplets. Spray towers, ~hich 

typically have pressure drops in the range of 1 to 4 in. H20, are generally used as a precleaner . 

for the removal of particles larger than 5 µm. The efficiency in removing the larger particles is 

greater than 90 percent (EPA, 1973). 

Cyclonic Scrubber. Cyclonic scrubbers can vary from conventional cyclones equipped with 

water sprays to specifically designed multi-stage devices. Particle-laden gas 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). Particle removal 

efficiencies in the range of 80 to 90 percent are achieved for large particles. 

Mechanically-Aided Scrubbers. Mechanically-aided scrubbers incorporate 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 fa.n blades. The liquid runs over the blades and coll~cts the particles, and 

is then drained to a sump. Csually, the liquid for a mechanically-aided scrubber can be 

recirculated. The scrubbers require little space and water, although high-energy scrubbing 

applications usually require a mist eliminator leading to high operating costs. Particle removal 

efficiency for mechanically-aided scrubbers is good for particles larger than 2 µm in diameter. 

Prefilter (Roughing Filter). Prefilters can be classified as either lo.w (Group I}, moderate 

(Group m, or high (Group III) efficiency filters . Group I filters are shallow, tray-like assemblies 

of coarse fibers or crimped meul 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-ho lding cap::i.c ity, high air flow capacity with low resistance, 

and high removal efficiency for large p:micles. Group II and III filters are extended medium, 

dry-type units. The medium is ple::i.ted or form ed :i.s b::i.gs to increase surface area. Group II 
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filters are effective in remov in g plus 5 µm pmicles. v. hile Group ID filters can filter even small 

particles. In a nuclear exhaust app lication, Group I and II panel filters are of limited value as 

prefilters because of their ineffectiveness :i.pi ns t sm:i ll p::.r:icles (5 µm and less) arid because they 

are rapidly plugged by lint and other fibrou s materi:i.ls. . 

Mist Eliminator. Standard mist eliminators use impac tion to capture mists and panicles. The 

. most common is a wave-plate demister, which consists of a series of comigated 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 multiple 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 at the expense of increased pressure drop 
'• 

(Banelle, 1984). 

5.1.3 Evaluation of Technical Feasibility 

The technical feasibility of each of the individual control technologies described previously was 

evaluated considering availability of the technology, applicability of the technology to the 

expected emissions, and project specific limitations. The technical feasibility of each control 

technology is evaluated in Table 5-1. 

All of the particulate control devices evaluated were determined to be feasible with the exception 

of the ULPA/VLSI filter. These filters do not meet the standards specified in the ASME N509 

·Nuclear Power Plant Air Cleaning Units and Components, Hanford Plant Standards for High 

Efficiency Paniculate Air Filters. and miliury specification MIL-F-51068 (Moore, . G., 1993). 

Therefore, the ULP A/VLS filter has been dropped from funher consideration. 

The multiple stages . of the proposed b:ise CJ.Se control system utilize control elements discussed 

in Section 5.1.2; thus, .the proposed base case emissions control system is considered technically 

feasible. 

5.2 Particulate Control Technology Hierarchy 

Technically feasible control technologies are ranked in Table 5-2 based upon removal efficiency 

to detennine the hierarchy for emissioQs control of Project W-236A. 
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Table 5-1 

Radionuclide Particulate ~missions Control Technologies for Project W-236A 

(Pago 1 of 6) 

Current 
Control T ochnology Applications Advantages Disadvantages 

HEMF Filtration - Chemical industry - High efficiency - High cost 
- Food Industry - Reusable aftor clea~lng - Liquid waste generated 

- Moisture resistant during cleaning 
- High temperature resistance 
- Sin1JIO design 
- Low pressure drop 

ULP NVLSI Filtration - S0111iconductor and - High oHicioncy - High cost 
electronic clean - Low prossure drop - Spent filters are solid 
rooms - Si01)1e design waste 

- Medical industry - Not moisture resistant 
- Frequent change-out may 

be required 
- Not certified for the 
r. nuclear Industry 

HEPA Filtration - Nuclear industry - High efficiency - Spent filters are solid 
- Clean rooms - low cost waste 

- low pressure drop - Low moisture resistance 
- Si111>le design - Frequent change-out 

may be required 

Deep Bed Sand - Radiochemical - High efficiency - High initial cost 
Filter processing facilities - low maintenance - Large space requirement 

- High heat capacity - High pressure drop 
. - Variable loading capacity - Spent material becomes 
- Fire resistant · solid waste 
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Technically 
Feasible 

Yes 

No 

Yes 

Yes 
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Current 
Control Technology Applications 

Deep Bed Glass - Radiochemical 
Fiber Filter processing 

facilities 

Fabric Filter - Extensive commercial 
(Baghouse) USO 

Electrostatic - Extensive commercial 
Precipitator use 
(Wet or Ory) 
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Table 5-1 

(Page 2 of 6) 

Advantages 

- Sil'Tl)le design 
- Small space roquiroment 

- Modular construction 
- Can handlo largo gas flow 

rates 

- low maintenance 
- Can accommodate corrosive 

materials 
- Can handle largo gas flow ratos 

Technically 
Disadvantages Feasible 

- Relatively high pressure Yes 
drop 

- Spent filters become solid 
waste 

- High initial and operating Yos 
costs 

- Frequent bag replace-
ment 

- Oags become solid 
waste 

- Largo space required 
- Flammability hazard 
- Relatively high pressure 

drop 

- High initial cost Yes 

- Sensitive to varying 
process conditions 

- largo space required 
- Safoty concerns regard-

Ing high voltages 
- We( ESPs produce a 

liquid waste stream 
- Not fail-safe 



Current 
Control Technology Applications 

Hydrosonic Atomized - Hazardous and 
Scrubber municipal waste 

incineration 

Packed Bed Scrubber - Various procoss 
applications 

- Generally used as a 
precloaner to rnrnovo 
large particles 

Perforated Plate Mist - Various chemical 
Eliminator processing operations 

- Radiochemical 
operations 

High etticiency Mist - Acid and caustic mist 
EUminator (HEME) removal 

- Radiochemical plant 
service 

--
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Table 5-1 

(Pago 3 of 6) 

Advantages 

- Simple design 
- Can use recycle scrubbing 

solution 
- Can be used in sorios 

- Low initial cost 
- Handles corrosive, high 

temperature and moisture gases 
- Simple process design 

. - Simple design 
- Service Uf e can be extended by 

flushing the filter 

- Simple design 
- Backwashing can extend fitter 

element Ufa 

Disadvantages 

- Produces liquid waste 
stream 

- High solids concentration 
can cause plugging 

- High pressure drop 

- Not eflective for smaller 
particles 

- Plugging may occur 
- Produces a liquid waste 

stream 
- High operating cost 

- Produces solid and liquid 
wastes 

- Sensitive to process 
variations 

- High pressure drops 
- Low efficiency for small 

particles 

- Produces solid and liquid 
waste 

- High pressure drop 
- Relatively large space 

required 
- Sensitive to process 

variations 

Technically 
feasible 

Yos 

Yes 

Yes 

Yes 
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Current 
Control Technology Applications 

· Tray Tower - Various process 
applications 

- Generally used as a 
precleaner to remove 
large particles 

Ejector Venturi Scrubber - Various process 
applidtions 

Impingement and - Various process 
Entrainment Scrubber applications 

Multiple Cyclones - Used where high 
removal efficiencies are 
not required 

- Generally used as a 
precleanlng device 

' KN\.n\1C00\236ABACT.5-1/07-28-94 

Table 5-1 

(Page 4 of 6) 

Advantages 

- Low Initial cost 
- Simple design 
- Handles high temperature and 

moisture gases 
- Can handle corrosive gases 

- Low Initial cost 
- Simple process design 
- Tolerates variable operating 

conditions 
- Can use recycled scrubbing 

solution 

- Simple design 
- Handles high temperature 

and moisture gases 
- Can handle corrosive gases 

- _Simple design 
- Flow Initial cost 
- Useful for high gas flows 

Technically 
Disadvantages Feasible 

- Low efficiency Yos 
- Produces a Mquld waste 

stream 
- High operating cost 

- low efficiency Yes 
- Produces a Mquid waste 

stroam 
- Can havo abrasion and 

corrosion problems 

- low efficiency Yes 
- High pressure drop 
- Produces a Mquid waste 

stream 
- High operating cost 

- low efficiency Yes 
- High hurndity gases can 

cause plugging 



Current 
Control Technology Applications 

Spray Towe rs - Various process 
applications 

. - Generally usod as a 
precleaner to remove 
largo particles 

Cyclonic Scrubber - Various process 
applications 

- Generally used as. a 
precleaner to remove 
largo particles 

Mechanically-Aided Not-known 
Scrubber 

Prefilter (Roughing filter) - Heating and ventilation 
systems 

- Various air filtering 
systems 
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(Page 5 of 6) 

Advantages 

- Low Initial cost 
- SiJll)le design 
- Handles corrosive, high 

temporaturo and high moisture 
gases 

- Relatively low pressure drop 

- Low initial cost 
- SiJll)le design 
- Handles high temperature and · 

moisture gases 
- Can be fabricated for corrosive 

environments 

- Small space requirement 
- Minimal water use 
- High dust load capacity 

- Low Initial cost 
- Simple design; no moving parts 
- Easily replaced 
- High dust loading capacity 

Disadvantages 

- Produces a liquid waste 
stream 

- High operating cost 
- Low efficiency 
- Liquid entrainment at 

high gas flow rates 

- Low efficiency 
- Produces a liquid waste 

stream 
- Poor subrncron particle 

capture 
- High pressure drop 

- High operating and 
maintenance cost 

- Usually requires a mist 
eliminator 

- Not ettectivo for submicron 
particles 

- Low eflldency 

- Low efficiency 
- Relatively high pressure 

drop 
- Spent fillers become solid 

waste 

Technically 
feasible 

Yes 

Yos 

Yes 

Yes 
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Current 
Control Technology Applications 

Standard Mist Eliminator - Various chemical 
processing operations 

- Nuclear reactor 
applications 

--

• 

• KN\ss\1000\236ABACT.~1107-28-94 

Table 5-1 

(Page 6 of 6) 

Advantages 

- Low pressure drop 
- SilTl)le design; no moving parts 

Technically 
Disadvantages Feasible 

- Spent filters become solid Yes 
wastes 

- Low efficiency for small 
particles 



Table 5-2 

Radionuclide Particulate Control Technology Hierarchy 
for the W-236A M\"ITF Project 

Removal Lowest EHective 
Efficiency Particle Size 

Technology (¾) {µm) 

Base Case Control System >99.9999 0.1 

HEMF Filtration 99.99 0.1 

HEPA Filtration 99.97 0.3 

Deep Bed Sand Filter 99.95 0.3 

ESP <99.9 2 

Deep Bed Glass Fiber Filter 99.9 0.3 

Hydrosonic Scrubber . 99.5 0.1 

Fabric Filter (Baghouse) 99.5 1 

Packed Bed Scrubber <99 2 

Perlorated Plate Mist Eliminator <99 1 

High Efficiency Mist Eliminator 99 3 

Tray Tower 95 1 

Venturi Scrubber <95 2 

Impingement & Entrianment Scrubber <90 2 

Multiple Cyclones <90 5 

Spray Tower· <90 5 

Cyclonic Scrubber <80 1 

Mechanically-aided Scrubber <80 1 

Standard Mist Eliminator <80 1 

Prefilter (Roughing Filter} I <80 5 
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6.0 Environmental, Energy, and Economic Analysis 

To determine BARCT for Project W-236A, :in analysis of the energy, environmental, and 

economic impacts was completed. Technologies were analyzed in the order determined by the 

control technology hierarchy established in Section 5.1.4 of this report. 

Energy impacts focused on direct energy impacts from the installation of emissions control 

technology (e.g., energy cost required to overcome the pressure drop of a particular control 

device). Environmental impacts addressed included the generation of solid and/or liquid waste 

from use of the technology, construction and maintenance hazards, and other health and safety 

issues. 

For the economic analysis, each potential technology was evaluated by considering the total 

capital investment required and the annual operating cost for the control technology. The 

estimates provided are rough order of magnitude costs based on vendor-supplied quotes, 

engineering judgement. and cost estimation methodologies presented in the Office of Air Quality 

Planning and Standards (OAQPS) Control Cost Manual (EPA, 1990a) and in Plant Design and 

Economics for Chemical Engineers (Peters and Tirnrnerhaus, 1980). Vendor equipment quotes 

are included in Appendix B. These costs should be considered "budgetary" (plus or minus 30 

percent). 

Cost effectiveness represents the total dollars required for a certain percentage reduction in the 

CEDE to the MEI and is equal to the annualized cost of the control technology divided by the 

difference between the unconcro ll ed dose and the concrolled dose. Annualized cost is equal to 

the sum of annual direct operating and indirect oper:1ting cost. Indirect operating cost includes 

the capital recovery cost determined by multiplying the total capital investment by a Capital 

Recovery Factor (CRF). The CRF is calculated using an assumed interest rate and project life 

(EPA, 1990a). 

6. 1 Particulate Radionuclides 

Energy, environmental, and economic impacts are discussed in this section for potential 

radionuclide paniculate conrrol technologies . Various stages of paniculate matter removal will 

be required for the MWTF exhaust scream. Potential control technologies are evaluated as 

follows. 
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6.1.1 Radionuclide Particulate Control Options 

5.1.1.1 Basa Case 
The base case emissions control system as discussed in Section 5.2 is a compilation of gas 

conditioning and particulate matter control equipment. Major components of the system include 

a chilled water condenser, HEME, preheater, HEMF, and HEPA filtration. Small amounts of 

particulate matter removal are expected in the condenser, however, the major removal will occur 

in the HEME, HEMF, and HEPA stages. 

The typical efficiency of the HEME is greater than 99.5 for 3-micron particles. Based on actual 

test data, the HEME is conservatively assumed to have an overall efficiency of 93 percent 

(Battelle, 1989). HEMF filters have the highest reported removal efficiency for particulate matter 

of the potential individual control technologies. Efficiencies as high as 99.99999 percent have 

been guaranteed by the Pall Corporation, the major manufacturer of HEMF filters. 

HEPA filters are widely used for the control of particulate radionuclide emissions in the nuclear 

industry. A minimum efficiency of 99.95 can be met for 0.3-micron-diameter particles with the 

standard HEPA filter. HEPA filters meet all applicable nuclear qualification standards. 

Energy Impacts. Energy impacts due to installation of the base case con!,rol system consist 

mainly of the energy required to overcome the additional gas pressure drop across the condenser, 

HEME, HEMF, and HEPA filters, in addition to the energy required to power the preheater. A 

total of 156,120 kilowatts per hour (kWh) 3.re necess:i.ry for the 200 East MWTF representing an 

annual cost of $9,365, while for 200 W est. a to tal of 60.-1-31 kilowatts per hour per year (kWh/yr) 

are required equaling an annual cost of S3 .626. These incremental energy requirements do not 

present any adverse impact to the operations of the facility . 

Environmental Impacts. Environmental impacts due to the installation of the base case 

control system include the liquid waste gener:icion from the HEME and HEMF, and solid waste 

generation from the HEPA filters. Normally, disposal of the liquid generated in backflushing the 

HEME and HEMF filters would be required. However, in this particular project application, the 

backflush can be drained into the system. Costs for w:iste generated by HEPA filter disposal is 

approximately $9.589 for e:ich \1\VTF 3.rea. ~o adverse environmental impacts will be 

encountered with use of the base c:ise control sys tem. 
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Economic Impacts. The economic imp:lcts due to the base case contro l system were evaluated 

by estimating the total installed capit::.l cost and operatin g cost fo r implementation. An 

equivalent arnonized capit'.l.l cost alo ng with Ll-ie estimated annu :il operating cost for the base case 

was then detennined. The economic impact to the facil ity for the base case was defined in terms 

of total annualized cost to the facility per decrease in CEDE to the MEI. Results of the 

economic analysis for the base case are given in Table 6-1 for the 200 East }..1'WfF and Table 

6-2 for the 200 West MWTF. Appendix C contains vendor quotations for the capital equipment 

The total capital investment for the 200 East M\VTF base case control system was $674,100, 

with an annual operating cost of $98,514. For 200 West, the total capital investment was 

$362,550, corresponding to an annual operating cost of S56,746. The annual arnonized cost was 

detennined to be $170,022 for 200 East yielding a cost effectiveness of $392,660 per person-rem 

reduction in the CEDE to the MEI. For the 200 West MWTF, the annual amonized cost was 

detennined to be $95,205. yielding a cost effectiveness of $419,405 per person-rem reduction in 

the CEDE to the MEI. 

6.1.2 Selection of BARCT 

· Although the base case control system 1s not cost effective, it will be required to maintain ,. 

emission concentrations below the Hanford Site derived concentration guidelines (DCG). The 

~CG values are compiled in the Hanford Site En vironmental Compliance Manua~ (WHC, 1993). 

To satisfy the DCGs and to demonstrate consistency with as low as reasonably achievable 

(ALARA) policy, the base case control system will be necessary. The condenser will provide 

initial particulate matter removal, followed by the HEME, HEMF, and HEPA. The removal 

efficiency of the HEYfE is 93 percent. the efficiency of the HEMF is 99.97, and each stage of 

the HEPA filter provides a removal efficiency of 99. 95 percent, yielding an overall removal 

efficiency approaching 100 percent. The BARCT :inalysis is summarized in Tables 6-3 and 6-4. 
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Table 6-1 

200 East MWTF Base Case Emission Control System 
Capital and Operating Cost Estimate for Project W-236A 

CAPITAL INVESTMENT COSTS 

Purchased Equipment 

Chilled Water Condenser 

High Efficiency Mist Eliminator 

Electric Preheater 

High Efficiency MetaJ Filter & Housing 

High Efficiency Particulate Air Filter, Prefilter & Housing 

Total Equipment Cost 

Installation (50 % of Total Equipment Cost) 

Piping (30 % of Total Equipment Cost) 

Instrumentation & Controls (30 % of Total Equipment Cost) 

Engineering & Supervision (30 % of Total Equipment Cost) 

Sub-total Equipment & Installation Cost 

Contingency (, 5 % of Equipment & Installation Cost) 

Start-up ( 1 0 % of Equipment & Installation Cost) 

Total Capital Investment 

DIRECT ANNUAL OPERATING & MAINTENANCE COSTS 

Replacement of Used Prefilters & HEPA fi lters 

Operating Labor (365 Hours @ $20/hr) 

Supervision of Operating Labor ( 15% of Operating Labor) 

Maintenance & Repairs (20% of Total Equipment Cost) 

Disposai of Used Filters (32 d @ $299.65/d) 

Electricity (35,527 kW-hr@ $.06/kW-hr} 

Total Annum Direct Operating & Maintenance Cost 

INDIRECT ANNUAL COS,-. 

Capital Recovery (¾ of Total Capital Investment • 57.S)b 

Total Annual Indirect Cost 

TOTAL ANNUALIZED COST 

COST 

$28,800 

$58,900 

$5,000 

$120,000 

$12,000 

$224,700 

$112,350 

$67,410 

$67,410 

$67,410 

$539,280 

$80,892 

$53,0928 

$674,100 

$1,400 

$29,200 

$4,380 

$44,940 

$9,589 

$9,365 

$98,514 

$71,508 

$71,508 

$170,022 

·1.aoor overnead costs are Includea In operat1n g Iaoor: no incremental cost tor adrrurnstratrve 1aoar 1s 

included. 
bCapital recovery factor based on 30 year pro ject life : 10% interest rate; no salvage value. 

KN\sal1000\236ABACT .6-, 107-213-9-4 



Table 5-2 

200 West MwrF Base Case Emission Control System 
Capital and Operating Cost Estimate for Project W-236A 

CAPITAL INVESTMENT COSTS 

Purchased Equipment 

Chilled Water Condenser 

High Efficiency Mist Eliminator 

Electric Preheater 

High Efficiency Metal Filter & Housing 

High Efficiency Particulate · Air Filter, Pref ilter & Housing 

Total Equipment Cost 

Installation (50 ¾ of Total Equipment Cost ) 

Piping (30 % of Total Equipment Cost) 

Instrumentation & Controls (30 % of Total Equipment Cost) 

Engineering & Supervision (30 % of Total Equipment Cost) 

Sub-total Equipment & lnstalfatlon Cost 

Contingency ( 15 % of Equipment ~ Installation Cost) 

Start-up (10 % of Equ ipment & Installation Cost) 

TotaJ Capital Investment 

DIRECT ANNUAL OPERATING & MAINTENANCE COSTS 

Replacement of Used Prefitters & HEPA filters 

Operating labor (355 Hours@ $20/hr) 

Supervision of Operating Labor ( 15% of Operating labor) 

Maintenance & Repairs (20% of Total Equipment Cost) 

Disposal of Used Filters (32 d @ $299 .55/ct) 

Electricity (35,527 kW-hr@ $.06/kW-hr) 

Total AnnuaJ Direct Operating & Maintenance Cost 

INDIRECT ANNUAL COS,-. 

Capital Recovery (% of Total Capital Investment • 57.S)b 

Total Annual Indirect Cost 

TOTAL ANNUALIZED COST 

COST 

$14,400 

$29,450 

$5,000 

$60,000 

$12,000 

$120,850 

$60,425 

$36,225 

$36,225 

$36,225 

$290,040 

$43,506 

$29,004 

$362,550 

$1,400 

$14,600 

$2,190 

$24,170 

$9,589 

$5,157 

$56,746 

$38,459 

$38,459 

$95,205 
'Laoor overnead costs are 1nc1uaea ,n o p erat1n g 1aoor: no 1ncremema1 cost tor aam,nistrauve laoor 1s 
included. . 

bCapital recovery factor based on 30 year project li fe ; 10% interest rate ; no satva.ge value. 
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CEDE Due to 
Emissioos 

Control Allurnauvu (person -rem/yr) 

Oasu Caso Control Systom 4.33 E-01 

Ua~uhnu 4.33E 01 
·-· 

uEn11ss1ons ruduc1Jo11 ovur basuhnu luvul 
1.,lm,L:1llud capllal cos t rulallvu lo liasuhnu 

Table 6-3 

Summery of BARCT Analysis for Radionuclide Emissions 
for the W-236A 200 East Multi-Function Waste Tank Facility 

Economic Impacts 

CEDE Total Total Cost 
Auduction" Capital Annualized Cost Elfectivuoossd 

(pullion -Hlm/yr) lnvastmant1' . ($/yr) ($/yr) 
- -- -

4 3)1.: 01 674. 100 170,022 3.93E•05 

.. .. .. 

Adverse 
Ecooomic 

Impact 
(Yes/No) 

Yes 

--

clnd11dus capital and opurating costs . Thu capi tal rucovu,y l.idor was usod on a 30 -yuar oquipmenl lile and a 10 purC(lnl annual intorust rato. 
dAv ur,1uu Cos t Eflucllvunuss ts tolal annuahzud l. ll~ l lor 11,u u1111rol option d1vidud uy thu um1ssions roduclions 1Usul11ng lrom lhu option . 
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Adverse 
Environmental 

Impact 
(Yes/No) 

No 

--

Adverse 
Enorgy 
Impact 

(Yus/No) 

No 
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CEDE Due to 
Emissions 

Control Alternative (porson -rem/yr) 

Daso Caso Control System 2.27E -01 

Basulino 2.27E -0t 

dEmissions reduction over baseline level. 
t,lnstallod capital cost relative to basulino . 

Table 6-4 

Summary of BARCT Analysis for Aadlom.iclldo Emissions 
for the W-236A 200 West Multi-Function Waste Tonk Facility 

Economic lmpacls 

CEDE Total Total Cost 
Ruduclion• Capital Annualized Cost Elloctivenossd 

(porson-mm/yr) lnvostmontb ($/yr) ($/yr) 

2.27E -01 362,550 95,205 4. 19Ei05 

. . .. .. 

Adverse 
Economic 

Impact 
(Yes/No) 

Yes 

. . 

clnd udes capital and operating costs . Thu capital rocovury IJctor was usod on a 30 -yoar aquipment tile and a 10 porcent annual intorest rnto . 
'-'Avuragu Cost Ellectivonuss is total anr1ualizud cost lor lhll con t,ol option dividad by Uiu omissions ruductions ·rusulling from U10 opllon. 
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Adverse Adverse 
Environmental Enorgy 

Impact Impact 
(Yes/No) (Yus/No) 

No No 

. . . . 
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7.0 Air Quality Analysis 

Emissions from Project W-236A muse be in compliance with the National Emission Standards 

for Hazardous Air Pollutants (NESHAP) for Radionuclides (EPA, 1990b). The present NESHAP 

for the entire Hanford Site is an effective dose equivalent of 10 rnrern/yr. 

To determine the impact of the ·radionuclide emissions from Project W-236A, dose conversion 

factors based on CAP-88 radionuclide dispersion modeling for the 200 East and 200 West Areas 

were used as described in Section 3.3. The CEDE to the MEI was calculated by applying the 

rem/Ci conversion factor to Ci/yr emission estimates. 

7. 1 Controlled Emission Rates 

To insure that the emissions from the MWTF do not adversely affect the off-site population, the 

estimated CEDE to the MEI must be detennined utilizing the recommended BARCT. Controlled 

. emissions based on the BARCT recommendation are included in Table 7-1 for 200 East and 7-2 

for 200 West. The decontamination factor (DF) is equivalent to: 

D F = l / [ 1 - Overall Efficiency] 

Based on the overall efficiencies of approximately 100 percent for soluble and insoluble 

radionuclides respectively, the DF equaled 7.62 E+l l for insoluble radionuclides and 5.77 E+ll 

for soluble rad.ionuclides. 

7.2 Radionuclide Emissions Impact 

As shown in Tables 7-1 and 7-2, the total co ntrolled CEDE to the MEI is expected to be 8.75 

E-05 mrern/yr for the 200 East \1\VTF and 3.27 E-05 for the 200 West MWTF. Compared to 

the Hanford Site NESHAP stand:i.rd of iO mrern/yr, these CEDE to the MEis are insignificant. 

7- 1 



Table 7-1 

200 East MWTF Controlled Committed Effective Dose Equlvalent to the Maximally Exposed lndlvldual8 

Uncontrolled CAP-08 Dose 
Annual Conversion Uncontrolled Controlled 

Emissions Factorb CEDE to MEI Control CEDE to MEI 
Radionuclide (Cl/yr) (mrem/CI) (mrem/yr) 

1J7msad 2.89 E+02 2.39 E-02 6.90 E+OO 

1J1cs 3.12 E+02 2.39 E-02 7.45 E+OO 

JH 6.18 E+01 2.19E-05 1.35 E-03 

1291 9.98 E-03 2.91 E-01 2.90 E-03 

239Pu 7.47 E-01 8.67 E+OO 6.48 E+OO 

240Pu 1.36 E+OO 8.66 E+OO 1.18 E+01 

106Rho 9.34 E-06 2.09 E-02 1.95 E-07 

106Au 9.62 E-06 2.09 E-02 2.01 E-07 

12sSb 8.17 E-05 4.15E-03 3.39 E-07 

11Jsn 1.56 E-05 1.18 E-03 1.85 E-08 

90Sr 9.06 E+03 4.38 E-02 3.97 E+02 

!:!Oy 8.95 E+03 3.77 E-04 3.37 E+OO 

Total 1.87 E+04 4.33 E+02 

8 The maximally exposed individual is located 16 kilometers east of the 200-East Area. 
boose conversion factors are for tho 200 East Area. 

System Dfc 

7.62 E+11 

7.62 E+11 

NIA 

NIA 

5.77 E+l 1 

5.77 E+ 11 

7.46 E+06 

7.46 E+06 

7.46 E+06 

7.46 E+06 

5.77 E+ 11 

5.77 E+ 11 

cAlthough no OF Is given for 3H and 1291, minimal removal is expected in certain parts of the control system. 
doose conversion factor for 137 mBa Is assumed equivalent to the factor tor 137 Cs. 
0 Dose conversion factor for 106Rh Is assumed equivalent to the factor for 106Ru. 
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(mrem/yr) 

3.99 E-10 

4.17 E-10 

5.54 E-05 

3.19 E-05 

4.75 E-10 

1.74 E-09 

5.15 E-08 

5.19E-08 

9.05 E-08 

4.81 E-09 

2.05 E-08 

2.49 E-10 

8.75 E-05 

Percent of 
Total Dose 

(%) 

0.000 

0.000 

63 .322 

36.414 

0.001 

0.002 

0.059 

0.059 

0.103 

0.006 

0.033 

0.000 

100.00 



Table 7-2 

200 West MWTF Controlled Committed Effective Dose Equlvalent to the Maxlmally Exposed lndlvldual8 

Uncontrolled CAP-88 Daso 
Annual Conversion Uncontrolled Controlled 

Emissions Factorb CEDE to MEI Control CEDE to MEI 
Radlonuclldo (Cl/yr) (mrem/CI)_ (mrem/yr) 

IJ7mBad 2.50 E+02 1.42 E-02 3.55 E+OO 

137cs 2.70 E+02 1.42 E-02 3.03 E+OO 

JH 5.8!3 E1 01 1.38 E-05 8.13 E-04 

1291 6.70 E-03 1.14 E-01 7.63 E-04 

239Pu 4.96 E-0 1 5.15 E+OO 2.55 E+OO 

240Pu 1.36 E+OO 5.14 E+OO 6.99 E+OO 

106Ah0 !) .34 E-OG 1.24 E-02 1.16 E-07 

106 Au 9.62 E-06 1.24 E-02 1.19 E-07 

12sSb 8.17 E-05 2.47 E-03 . 2.02 E-07 

11Jsn 1.56 E-05 7.02 E-04 1.10 E-08 

90sr 8.01 E+03 2.60 E-02 2.08 E+02 

90y 7.91 E+03 2.22 E-04 · 1.76 E+OO 

Total 1.65 E+04 2.27 E+02 

8 The maximally exposed Individual Is located 16 kilometers east of the 200-East Area. 
boose conversion factors are for the 200 East Area. 

System DFc 

7.62 E+ t 1 

7.62 E+ 11 

N/A 

NIA 

5.77 E+11 

5.77E+11 

7.46 E+06 

7.46 E+06 

7.46 E+06 

7.46 E+06 

5.77 E+11 

5.77 E+11 

c Although no D.F Is given for 3H and 1291, minimal removal Is expected in certain parts of the control system. 
doose conversion factor for 137 mBa Is assumed equivalent to the factor for 137 Cs. 
soose conversion factor for 106Ah is assumed equivalent to the factor for 106Au. 

KN\u\1000\236ABACT.7·2/07-28-84 

(mrem/yr) 

2.00 E-10 

2.15 E-10 

2.44 E-05 

8.16 E-06 

1.90 E-10 

6.99 E-10 

3.05 E-08 

3.08 E-08 

5.51 E-08 

2.94 E-09 

1.52 E-08 

1.30 E-10 

3.27 E--05 

Percent of 
Total Daso 

(%) 

0.001 

0.00 1 

74.G54 

24 .930 

0.00 1 

0.002 

0.003 

0.0!)4 

0.168 

0.00!) 

0.047 

0.000 

100.00 

'-.0 •r 
·= 

'->,,i 
r.....,;;, 
,_o 
.............. J 
¢ 

c:.;:)! 
.....&: 
co 



8.0 References 

Allen, et al., 1989, Characteri:ation and Conrrol of Rcdiorwc/ide Emissions from Elemental 
Phosphorus Production. EPN450/3-89!020. ~-1idwest Rese2.rch Institute, Cary, NC. February 
1989. 

Battelle Pacific Nonhwest Laboratories (Battelle), 1984, r:onrro/ Technology for Radioactive 
Emissions to the Atmosphere at U.S. Department of Energy Facilities . PNL-4621. Pacific 
Nonhwest Laboratories, Richland, Washington. October 1984. 

Battelle, 1989, Pe,formance Evaluation of the Pilot Scale Double Shell Tank Ventilation System 
Using Simulated Aerosol Streams . P!\1L-7188 . Pacific Nonhwest Laboratories, Richland, 
Washington. 1989. 

Beres, D. A., 1990, The Clean Air Act Assessment Package - 1988 (CAP-88), A Dose and Risk 
Assessment Methodology for Radionuclide Emissions to Air. Vols. 1-3. U.S. EPA. 

Buonicore, A. J. and W. T. Davis, 1992, Air Pollution Engineering Manual. Von Nostrand 
Reinhold. New York, New York. 1992. 

Burchsted, C. A. , et al., 1976, Nuclear Air Cleaning Handbook. ERDA-76-21. Oak Ridge 
National Lab., Oak Ridge, Tennessee. January i 976. 

Donovan, R.P., et al., 1987, HEPA and ULPA filters offer a combination of high efficiency, low 
pressure drop and satisfactory loading chancteristics for clean room use. · Semiconductor 
I nternarional. November 1987. 

Meisinger, Robert, 1994a, Multi-Functional Waste Tank Facility: Extreme Case Sp~eadsheet 
Analysis of Air Emissions. Kaiser Engineers H:inford. June 1994. 

Meisinger, Roben, 1994b, .Wulri-Fu.nctional Waste Tank Facility : Nominal Case Spreadsheet 
Analysis of Air Emissions. Kaiser Engineers H:inford. June 1994. 

Moore, Glenn, 1993, Personal Communication. Representative of Flanders Filters, Washington, 
Nonh Carolin~ December 8, 1993. 

Moore, Mike, 1993, Personal Communication. Representative of the Pall Corporation. 
December 8, 1993. 

Peters, M. S. and K. D. Timrnerhaus. 1980. Office of Air Quality Planning and Standards 
(QAQPS} Control Cost Manual and Plam Design and Economics for Chemical Engineers. 

U.S. Environmental Protection A£encv (EPA ). 1973. Air Pollution Engineering Manual. 
Research Triangle Park. N.C. J:inuary 1973. \ 

8-1 



. . 
U.S. Environmental Protection Agency (EPA), 1991. Background Document on Radioactive and 
Mixed Waste Incineration , Volume l - Technolog_v . EP . .V520/1-91-010-l. Researc_h Triangle 

Park, NC. May 1991. 

U.S. Environmental Protection Agency (EPA ), 1990a, OAQPS c-ontrof Cost Manual. EPA 450/3-

90-006, Research Triangle Park, Nonh Carolina. January 1990. 

U.S. Environmental Protection Agency (EPA), 1990b, Title 40 Code of Federal Regulations Pan 

61 Subpan H - National Emission Standards for Emissions of Radionuclides Other Than Radon 
From Department of Energy Facilities. Research Triangle Park, North Carolina. January 1990. 

Wark, Kenneth and Cecil F. Warner, 1981, Air Pollution - Its Origin and Control. Second 
Edition. HarperCollins, New York, New Yark. 1981. 

Washington State Department of Health (DOH), 1994, Radiation Protection - Air Emissions, As 
Amended. Chapter 246-247, Washington Administrative Code. Olympia, Washington. 

Westinghouse Hanford Company (WHC), 1991, Unit Dose Calculation Methods and Summary 
of Facility Effeuent Monitoring Plan Determinations. Prepared for the U. S. Department of 
Energy, Richlan~ Washington. November 1991. 

Westinghouse Hanford Company (WHC). 1993. Environmental Compliance Manual. WHC-CM-

7-5. Westinghouse Hanford Company. Richla.nd. Washington. 1993. 

8-2 



APPENDIX A 

BACKGROUND DOCUMENTATION FOR BACT/LAER 
CLEARINGHOUSE AND LITERATURE 

SURVEY 



911 If 3297 .. 0483 

Allen, D., et al., 1989, Charan~ri:arion and Collfro l Radionuclide Emissions from Elemental 
Phosphorus Production. Midwest Rese:i.rch Tilstitute. C:iry. NC. EPN450/3-89/020. February 
1989. 

Alley, F.C. and C. D. Cooper, 1990, Air Pollution Conrrol - A Design Approach. Waveland 
Press. Incorporated, Prospect Heights, Illinois. 1990. 

American Conference of Governmental Industrial Hygienists, 1986, Industrial Ventilation - A 
Manual of Recommended Practice. 19th Edition. 1986. 

American Society of Mechanical Engineers, 1980, Nuclear Power Plant Air Cleaning Units and 
Components. k"l'SI/ASME ·N509-1980. United Engineering Center, New York, N.Y. 1980. 

Battelle Pacific Northwe·st Laboratories, 1984, Control Technology for Radioactive Emissions to 
the Atmosphere at U.S. Department of Energy Facilities . DOE, PNL-4621. October 1984. 

Boddy, M., W. Clark, C. Lee, W. R. Seeker, B. Springsteen, and P. Williams, 1993, State of the 
Art Assessment of Air Pollution Control Technologies for the Planned Rocky Flats Mixed Waste 
Thermal Treatment Unit. Proceedings of the 1993 Incineration Conference. Knoxville, 
Tennessee. May 3-7, 1993. 

Buonicore, A. J., W. T. Davis, 1992, Air Pollution Engineen·ng Manual. Van Nostrand Reinhol~ 
New York, New York: 1992. 

Brawner, C.O., Editor, 1980, First In ternational Conference on URANIUM MINE WASTE 
DISPOSAL. Mineral Engineering Depanment, University of British Columbia. Vancouver, BC. 

Burchsted, C. A., et al., 1976, Nuclear Air Cleaning Handbook. ERDA-76-21. · Oak Ridge 
National Lab., Oak Ridge, TN. fanu:iry 1976. 

Burchsted, C. A. , et al .. 1976. Design . co nstruction . and testing of high-efficiency air cleaning 
systems for nuclear applic:itio n. .Vu.clear Air Cleaning Handbook. ERDA-76-21. Oak Ridge 
National Lab., Oak Ridge, TN. h nu:u-y 1976. 

Cowher~ C., et al., 1989. Ha:ardous Wasre TSDF (Treatment, Storage, and Disposal Facilities); 
Fugitive Particulate Matter Air Emissions Guidance Document. EPAi450/:3-89-019. Midwest 
Research Institute, Kansas City. MO. \fay 1989. 

Crawford, M., 1976, Air Pollution Control Theory . McGraw-Hill, Inc., New York, NY. January 
1976. 

Eisenbud, Merril, et al.. 1987. Em·ironmenra f Radioacrivity - From Natural, Industrial, and 
Military Sources . Third Edition . 

Moghissi, Alan A .. Editor. 1992. Rad:'occii·e Wasre Technology. The American Society of 
Mechanical Engineers, ~ew York. :---: .Y. 

...\ - 1 



Moore, E. B., 1984, Conrrol Technology fo r Rac':"oe1cn·\·e Em issions ro rhe Armosphere ar U.S. 
Department of Energy Faciliries . DOE. P\"L-~621- FI\" .-\L. B:rnelle Pac ific Nonhwest Labs. , 
Richland, WA. Oc tober 1984. 

Perry & Green, 1984, Perry's Chemical Engineers· Hundbook - Sixrh Edirion. McGraw-Hill 
Book Company. 

Rousseau. R. W., 1987, Handbook of Separarion Process Technology. John Wiley & Sons. New 
York, N.Y. 

U. S. Department of Energy - The Harvard Air Cleanin g Laboratory. August 12-16, 1984. 
Proceedings of the 18th DOE Nuclear Airborne Waste Management and Air Cleaning 

Conference. 

U.S. Department of Energy. Augusr 12-27, 1992. Proceedings of rhe 22 nd DOE!NRC Nuclear 
Air Cleaning Conference. Sessions 1-8. ~ C'~EG/CP-0 130. CONr-9020823. Vol. 1. US/DOE 
Washington, DC. 

U.S. Environmental Protection Agency, 1973, Air Pollurion Engineering Manual. EPA, Research 
Triangle Park, NC. January 1973. 

U.S. Environmental Protection Agency. 1982. Third Symposium on the Transfer and Utilization 
of Particulate Control Technology : Volume Ill. Parriculare Control Devices. EPA-600/9-82-
CB. Research Triangle Park, NC. July 1982. 

U.S. Environmental Protection Agency, 1984, R adionuclides - Background I nfonnation Document 
for Final Rules, Volume II . EPA/520/1 -84-022-2. Washington, D.C. October 1984. 

U.S. Environmental Protection Agency, 1990, "Top Down" Best Available Control Technology 
Guidance Document. EPA, Research Tri an gle Park. NC. March 1990. 

U.S. Environmental Protection Agency, 1990 . . Yew Source Review Wo rkshop Manual. EPA, 
Research Triangle Park, NC. Octo ber 1990. 

U.S. Environmental Protection Agency (EP.-\ ), 199 1, Background Document on Radioactive and 
Mixed Waste Incineration , Volume I - Technology . EP.tv'520/l -91-010-l. Research Triangle 
Park, NC. May 1991. 

U.S. Environmental Protection Agency, 1991 , Control Technologies/or Hazardous Air Pollutants. 
EPN625/6-91/014. Washington, DC. June 1991. 

Vatavuk, William M., et al., 1991, Esriman·ng Costs of Air Pollution Control. Lewis Publishers. 
S. Main Street. Chelsea, Michigan. 

Wark, Kenneth and Cecil F. Warner. 1981 . Air Pollurio.n - Its Origin and Control. Second 
Edition. 

lO/lea\l 000l:?:l6ABACT J)fN)'7 • :g.9,4 .-\-2 



WHC, 1990, Hanford Waste Vitrification Plant, Technical Background Document for Best 
Available Control Technology Demonstration. WHC-MR-0222. Westinghouse Hanford 
Company, Richland. Washington . 

WHC, 1992, Waste Receiving and Processing Module 1, Technical Background Document for 
Best Available Radionuclide Control Technology Demonstration. WHC-SD-W026-TI-0Q4. 
Westinghouse Hanford Company, Richland, Washington. 

WHC, 1993, Best Available Radionuclide Control Technology Assessment for 105-KE 
Encapsulation Activity. WHC-SD-NR-TI-052. Westinghouse Hanford Company, Richland, 
Washington. 

.-\-3 



APPENDIX 8 

RECORD OF PERSONAL COMMUNICATIONS 



--·--

\ 

== 

• 

~,,,~ ~o "",,.., ,.,..,,.-; d $/ Sf"'O~n~";:v 700 

f"'I "it r:r, qv I ,; ~l' ?, C: f'l' / •.....v:>1 07 W ~ /VI 'Z,-..y s -;:,c:t>tl 

~;,-? :;), I ~3 0~ is,:.;5--ltl'.~ ',,..,,_ ,5 ~ ,., ., ,. £,Ji/ w 07.$(/ 

fV778 s •'h' va.n:;l 7,,1:;..J. 
' {"'~ IO"'tl r--:r ·e101.s--=1-11w 

r'G.~ Id 1'7.1 ~.> It tA.,, A n I r,/ if It} . 
b~fv 7W.5 ~ ~w J.Cf'I 

l-::,~ ~ .,,,, ,oq 7''!:/ n•~, ca??•,-,r, ~, 'J>".U .., :::J 

crv~.~1 ~ 5~ ,rr;,fi I,,~ ~,Md f"""7 v,tn(l j 

1 s,/\ 7 -,,cnn >+LJ. ~0¢w ·vw QJ. ., f'I l(X./ (:J-? ?,V' 

-15~ vi J !, I :-z 
. 

' 
:w,µ:m:,Sia 

r !'YO~ n -1 J..JrJ 

JO<} M ~~..,'::J {s-7/l i. 'Val (l 
~(;) 

"isn ~fqns 
. 

IBoi-?Pb-h/6 "D,N WDlui 571...nLj ,5,r'J'J,~::g uo~m!LJO . . 
~!O am.i 

~ooyy . r,r-n9 tnlM cop?w~Auo::, T ~A~lil?;,1:g 

) oo. 0-S~bb J -nN p;fDJd 
-

_i:;.?~ ~ 07. £ -(Y) ~[OJ::! 

n,i/\ S-o~ --'!IJO '½1Qc;:>V'/ s~ .JO~u~µQ £>, -fj-7/ .,1:a . 

58'-0~ 
1
62C~ t 6 h., l. .. ~. ·, ' I . J 



D.ttte l'l ~B -1] Ori~:itor L~ 1 5 / /; oot:.,.{ Omc:.e /<,...,·oxv1U-f_ · 

Project ly' - .1 w G .4--n. c .. :-r Project Na. 1998~.co, 

P!:u::d/E.. ~ved .L Com: e:rs:ui o.."1 With 1'-./J 1 r.C c /V? oo LC -TIUe _____________ Diviw:m __________ _ 

O r;am=tf oa fatu '> Ft..oLIJ {,t1..t/ ~ .:.-~r., ~ Ph.one No. C 6 - 58&- io 1 '1-

PA-u.. ~<>~) 
s u.bjeet: 0-e~ '-' c v Aov e ~ :i:-r O P ·1-1, ~ 11- Cttt 4 w04' 

M e.'7'1-: ;::; a !Z.1!... ,:; (..NJt r 

TH1:. /k.-.,p CA.; a~ D c. -:-, 6 -AJ :t.e> -ro M4r Dtr: 
.C,L,L.Cw•..J'- 'f'UA ~ ~C).;.J~: 

y ~~~,>/ ½WT 
~ .. U;;D ,qq. q " % ~ ..... "'-' { "3-0 (CPM. 

7' H,.o q1. q'f "/4 "V 170 /CFM 

7 •. U,p qq 0~ q ~'Jo(CfM 

~O'T"C. ~' "' (. i S Av~td:::§<..-£ o..J ,.4-c._.L.- Hu---t:>c;.. , 



ICN'lu\looo-:!36ABACT DfN17. ::S-~ 

9'·H3297 .. 0~86 

·., 

APPENDIX C 

VENDOR COST QUOTATIONS 



• 

Pey1on L.. ~n Jr. P.!. 
~ B. 8~ P.!!. 
~D.Klrk 
Wtlllam c. Mccainett 

To: I"T CORPORATION 

'-'An1J11C".l.l'tr1· ~re,e,,,tar...s 
P C. a.:,,. '°"" K,.et,. ,ll t . TN JT'l:!!I-C&4C! 
(! 1Sl ~ .. ,m::, l"AI ,r.,s: ~2>2305 

312 0IREC~~$ OAIVE 
KNOX\1Il.L£, TN. ~7923 

Reference: 

We are pleased to submit tl'le followi~ ~ro:,osal : 

360 SC~H M,iaiXIHUH 

1 ~A. ~-e a.e-IN/6Ml-OUT HOUSING 
SI?!! 1 M X 1 Wa 30~ SST 
T!ST/HEPA/T!ST/H~~ 
WITH: "•~7~ COP ~ILTER~ 

QPIXQN: 
1 EA. E-ec e!AG-IN/9Aa-O(.JT HOUSINa 

SIZE l H X 1 ~: 304 SST 
~ITHt CARSON AND AO~~!~ 

BUOGET----•3,~0C.O0 

Shipm•nt: 

F. O. B.: 

Terms: 

6 WEEKS A.R.O. 
~ASHINGTON. N.C. 

PrlCff co not tndude e=;., Sele or Uw T&.a•. 
PropOMI llaiid for 30 d•~ ,,_. .... o~• nci.d. 

- - . . . r~ -•• ,. , - T'". ,. • ... _ ~- ·-- -- - __ _; 

Submitted for : 
FLANDERS FILTERS, INC. 
e/o ROGER MORGAN, INC. 

By. 



~0'd 7c:;10J. 

P1ytcn L Morgan Jr. ? .E. 
G.orge 8. Bishop P.E. .. 
~IO. IOnc 
wiui.,. c. YcCo~~ 

To; IT CORP~ATION 

blJ, -~',?.Cf/ 01.107. ?' 7 h,!!.../ / .. ' !U 

De-te: 

Quotation No.: 

ail~i 
"'•"'-'~ ... --· ~ca,,:; ·t 
I' 0 SCII 1oa.&4 IC1toirv~ie. TN l':'S:J~-~ .f 

1993 
312 DIRECTORS DRIVE 
KNOXVILLE, TN. 37923 ooe HANFORO,WA 

~e-fel"w,,c:e:. W-320 TANK 241-C-l 06 1 ATTN: CHRISTO?l1e:R MOORE 

We are pleosad to submit ti"'• followin<J proposal : 

HAATZELL CENTRIFUGAL FAN:. Kl-1 
230 SCFM 
MOOfL 052-12-Ml-413 
1-1/2 HP MOTOR. TEF'C 

WASTE REMOVAl. 

euCGET-----s1,soo.oo 

HARTZELI... CENTRIFUG.QL rAN.: K2-1 
8:30 SCFM 
MOO&L 052-12-~K~ 
3 HP MOTOR, TEFC 

BUOGET----Sl,750.00 

t:49IES 1 

1. WITH• ~EATHiR COi.iE~. CRAIN, V-BELT 
2. YMIAe~E FR~~ENCY CAIV• QY OTHERS 

6 l.JEE~S A.R.O. 
Shipmenc PIQUA• OHIO 

F. 0. B.: NET 30 
Tei:ms: 

?ric" do not lnc:ludt E=se, Saa. or u .. Toes. 
P~I va1;4 for 30 days ~nteu 0tht1'Wi• noted. 

Subr.i ,t:ed for: 

,_____.---:::;;e,-:a;;;;.;a;;;;,;._;;A&;;;;;;;;;;:::::-:...._ __. = 

By. . 

I 

INC. 

' ; 
1 
! 
I ·, 



COYLE & ~CTi-f 
MANLJFAQTl • .liltlNCI c;c, 1 INC, 

2s RRCACW.t.Y NEN YCRK. N v ·ex~ 
\212) 269· 7~4 0 • F.!:. X 2' 2-2t. i_i. ,: ~ : C. 

httn: Russel Bryson 
IT Corporation· 

-- ;, . ~ 

Q:.ict~ ti c n No. 
""- ,. ... • lhit •--•• ',II , ~ "'l 
c,,, yov, ;:,.. r,: ~ ot6.tr. , •U - :., ., El 

312 Directors Drive 
Knoxville, TN 37923 
San Maleo, CA 94402 

Date: J u.ly 15, 1994 

Sheet l of 1 

Gentlemen: Your Ref. Pax 
wa ant pleased to 1) ffer the follow inQ !or your approva l: 

0UCRIPTIOM 

'N o . of 
Units 

O&R 
Model No. 

Material o: ----------Tubes---------
C:on.5truotion ~ u .D. !!fil Length 

.!. V'J'86J-:4V 3:sss 
3he 11 , 
t·.Jbeeide 

(~ ~j 

55 1 8 

Dr.awingsz 
Shipmen't: 

- (J ,--, 
.1-2 weeks after recei~J L p~' hase order 
6-8 weeks ~fter receipt of · oved dra~ings .... , 

' • ' \ f 

Notes: 
a ) Per attached Doyle & ~o~h T~MA data sheets. 
b l Prices are net r.o.n. our ~lan~ Simpscn, Ph 
c l Thermal analysis is based on che follcwingr 

Composition of Va~or stream: 
288 lb/hr acetone 
302 lb/hr benzene 

85 lb/hr but.u!ol 
662 lb/h~ c~rbon tet:achlorida 

1940 lb/hr air 

'I 
l 
' ( 
I ! 

1~ • 

( 
'-- · 

Approx. 
E;hio Wl. 
(lb:-.)e~. 

750 

Buai:rot. 
Pr i ce 
(eo) 

$7,2 00 

d ) Terna dll.ta aheeta ahow tvo diffar,mt c.11.aa, one with c.:hil J 4ia<l wat.<Jr aa tha 
coolant a~d tho other with 401 Prcpylena GJycol. 

e ) Unit ia guoted a~ a down flow condanaar. 

Tarma: , 12a. • , O Oaya. Net 30 

CC I HliM 

T1'111 C:UO'!IUOri 11 S'J0f•ct 10 tne 11trm1 inc c:~Olaons on ine f• as 
•"• tne ,.,,.,.. ,Ide u,11--. 01n_,.,. ,,,_.__ I 

Pava/mc 
~•e~s ouoT~D AAC l'IPW l"OP\ 80 0AV~ .,.c, ao ~,,..,,,de~,.,,, 
l.lur,,aca. County, !U•• or Fadlatal Sale&. £aci .. or U1• Tua,. 

• 



-~. 94 n 32 l >} 4· s y -
. ..,., ,\ ,• '. ' 

l • 
2 IT corporation 
3 J:ondense:-
4 

HD.T lXCH.ANGErt S?!CI!ICATION SHZ?T 

Coyle and ~t~ ~!~. Co. I~c. 

5 
6 Size 8-158 Typo ~~- V$r Connected in l i'aral l el 

tt2; .Shelle/Unit l Surf/Shell(Eff) 150 
1 Series 

tt2 
7 surt/Onit(Eff) 150 

?~UORMANC~ 0~ ONE UNIT 
8 
9 rluid Allocation I Sh~ll Side 

40, Propylene Clycol 
10 Fluid Name 
11 ~luid Quantity, Total lb/h 50000 

12 Vat>Or (In/Out) 
13 Liquid . . 
14 Noncondensable 
15 Temperature (In/Out) 
16 Dew Point/Bubble Foint 
17 Oeiuit.y 
18 Viacocaity 
19 Molecular Weight, Vapor 

l:t:l/h 
12'/h 
lb/21 

r 
"! 

lb/ft3 
C? 

20 Molecul4r Weight, ~o~conden&able 
21 !pcciiic Heat BTU/(lb*F) 
22 The::mal Conduotivity BT!J/(tt•h•f) 
23 Latent He4t BTU/lb 

!50000 

30 

65.182 
12.423 

0.892 
0.239 

24 Inlet Pres•ur• psia 5~ 

50000 

34., 

2, Vel0city ft/s 2.0 
2~ ~=eesurs Drop, Allow./Cale. pai 15 / 14.586 

Tube Side 
Process Vapor 

3277 
1337 

Hl40 
106,2 
lOtL 2 
0.098 
0.009 

28 . 9l5 
0.208 
0.005 

14.7 
73.O 

374 
963 

1940 
40 

68.188 
0.7 

28.96 
0.344 
0.075 

10 / 0.47 
0.001 

27 roulin~ Reeist. (Min.) ft2•h•V/BTU 0.0Ol 
ZB Heat !XChanged 202891 BTU/h; WTn (Corrected) 33.0 
29 T:~ns!er Rate, Service 41 Dirty 43 Clean 47 

., 
BTU/(ft2*h*P') 

Sketch 30. CONSTRUCTION 01 ONR SH£!..L 
31 Sholl Sid8 I Tub• ;id• 

32 Design/Test Pte1sura p• ig 100/Ccde 100/Cod• 

33 Design Temperaturs ~ 200 ~oo 
34 Yo. Passes per Shell l l 
35 Corrosion AllowaDce in o.o o.o 
36 Connections In i~/lb 3 / l~O 4 / 150 
37 Size, Out in/lb 3 / 1~0 ~ / 150 

38 Ratinq / 1 / 1so 
3g Tube No. 55 OD 0.75 ;Tr.k-Avg 0.049 in;Leng,:h 14 ft;Pitch 0,9375 in 

40 _Tube Type Pl4in Ma~ar1al SS31~ !Pattern JO 

41 Shell SS315 ID 8.407 OD a.625 ill Shell CCV9r 

4~. Chanael or Bonnet SS316 Channel cover 
43 Tub••he•t-Sutlona.ry SS315 Tubeeheet-rloa~ing 
44 Floa~inq Read Covar IrnpingetUent Protection None 
45 Safflee-Cro•a Sill6 '!'"JPe SSZG Cut (~d) 21 B;Spacin9: c/c 4.S75 i n 

46 e~ffles-Long Seal Typa !Inlet 7 in 

47 Supports-T~s U-Bend Type 

46 !yp4sa Seal Arrangement Tube-Tubeah••t Joint Expanded 
49 ?xpansion Joint Type 
50 Rho*V2-Inlet Noz~l~ ll30 Sundla i:trance 194 
51 Gasketa-shell Sida Tube Side 
52 -~lo4ti~g Me4d 
53 Code Requl.remeota ASl-'.E Code-~ VII!~~~ 1 
54 Weight/Shell 725 Filled ~it~ ~&tar 1067 

55· Remark.a 
55 
S7 
sa· 

Bundle Exit 

TEMA Class 
Bundle 349 

194 

C 
l .b 



~?:]..: ?XCP.ANGZ~ S~? CI7IQ~ION SHZZT 
" 

l DOyle ~r.d Rot~ ~g. Co. !no, 

2 IT Corporation 
3 Conceneer 
4 
5 
6 Size 8-168 
7 Surf/Unit(Eff) 150 

Type BL~ Ver Connectsd in 1 Parallel 
ft2i Shel l s/Uni~ l Surf/Shell(Eff} 150 

l Sariaa: 
ft2 

8 PERJ'OR}(.ANCE 01 ONt UNIT 
g Fluid Allocation 

10 J'luid ?ilame 
ll 7luid Quantity, Total 
l2 Vapor (In/Cut) 
13 Liquid 
14 No~c0ndenaAble 
l! Tcmpera~ure (In/Out) 
16 Oew Point/&ubble Point 
l 

I • 
7 j' Density 

18 Vi•coeity 

lb/ll 
l.b/h 
lb/h 
l.b/!l ., 

r 
l b/ft3 

cp 
19 Molec~l~r Weight, Vaoor 
20 Mole~ular Weight, Ncncondan~abla 
21 speci!1c He4t 5TiJ/(l0•F) 
22 Thermal Conductivity B'I"O/(ft • h*?) 
23 Latent Heat BTU/lb 

Shell Side 
Cooling \li4-:.er 

50000 

50000 

34 

62.257 
1.73 

l.003 
0.33 

50000 

38 

62.302 
1. 617 

24 Inlet Pressure . pai~ 65 
2S Velocity . ft/a 2.2 
26 Pressure Drop, Allow,/Calc. pei 10 / 9.s,, 
27 Fouling Resist. (Min.) t~2•h•~/~T'J 0.001 
:a Heat Exchanged 202,11 3TU/h; MTD (Corrected) 
29 Transfer Rate, Service 49 Dirty ,o Clean 
30 CONSTRUCTION O~ OMS SHB~ 
31 Shell Side Tubo Sico 
32 Design/Test ?reasure psig lOO/Code 100/Codc 
33. Oesiqn Temperature 1 200 200 
34 No. Passes per Shell l l 
35 Corrosion Allowance iD o.o o.o 
36 Coanectiona In in/lb 3 / 150 4 / l~O 
37 Siz• & Out in/lb 3 / 150 4 / 150 

Tube Side 
Proc~es Vapor 

3277 
1337 

1940 
l 00,2 
l0t5. 2 
0.098 
0.009 

28.96 
0.20B 
o.oo~ 

14.7 
73.0 

377 
950 

1940 
40 

Ci6.ll5 
0.592 

28.96 
0.344 
0.074 

10 / 0.474 
o.oo~ 

:Z7.4 
56 

F 
BTU/(ft2*h*F } 

Sketch 

38 Rating / I l / 150 
Jg Tube No. 55 00 0.75 ;Thk-Avg 0.049 i~;Length 14 .t;Pi~ch 0,9375 in 
40 Tub• Typ• Plain 'Material SS315 !Pattern 30 
41 Shall s~316 ID 8.407 OD e ; 525 inlshell Cover 
42 Channel or aonnet SS316 ·

1
channel Cover 

43 Tubeanoet-S~ati0na:y SS316 Tubesheet-Floating 
44 Floating He~d Cov•r l r~inqement Protection None 
45 Ba.!fle~-Cross SS316 'I'yp• SStG Cut (Id) 21 H;Spacin~: c/c 
46 B&ttlea-Long Seal 'I'yp• !Inlet 

4.5 in 
7 in 

47 supports-Tube 0-knd Type 
48 Bypass seal Ar=angi:ment Tu.be-Tub4•h••t Joint Expanded 
49 Expansion Join~ Type 
50 Rho•V2-Inlet Nozzle 12~7 Bundle 3nu-anco 203 BUDdle Exit 203 

51 Gaskets-Shell Side Tubo Side 
52 -1loating Head 

C 

• 

53 Code R&qUirl!lUe~ts ABM! Code Sec v:r1 Div 1 
54 Weight/Shell 727 lilled. w~~h ~ater l068 

Tna. Cla•• 
Bundle 350 lb . 

55 ~emarks 
56 
S7 
58 

- - - - - - -
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