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Acrc y as
Al analytical hot cell laboratory equipment system
ANSI American National Standards Institute
ARL analytical radiological laboratory equipment system
APQ annual possession quantity
ASME American Society of Mechanical Engineers
BARCT best available radionuclide control technology
BOF balance of facilities
CAM continuous air monitoring
CAP 88-PC Clean Air Assessment Package — Personal Computer
CCB change-out box
CFR Code of Federal Regulations
COPC constituent of potential concern
DF decontamination factor
DOE US Department of Energy
DOE-ORP US Department of Energy, Office of River Protection
DOE-RL US Department of Energy, Richland
DST double-shell tank
DV A dangerous waste permit application
Ecology Washington State Department of Ecology
EPA US Environmental Protection Agency
ETF Effluent Treatment Facility
HEME high-efficiency mist eliminator
HI high-efficiency particulate air (filter)
HLW high-level waste
THLW immob zed high-level waste
AW immobilized low-activity waste
LAW low-activity waste
LERF Liquid Effluent Retention Facility
LSM locally shielded melter
MEI maximally exposed individual
mrem/yr millirem per year
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PIM
PV
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PTE
RCW

[§Y]

SBS
SEPA
STAR
TEDE
TRU
TSD
voC
WAC
WDOH
WESP
WTP
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National Emission Standards for Huzardous Air Pollutants
notice of construction

potential effective does equivalent

potential impact category

pulsed jet mixer

pulse jet ventiation

personal protective equipment

potential to emnit

Revised Code of Washington

reverse flow diverter

submerged bed scrubber

State (of Washington) Environmental Policy Act
sector-averaging stability array

total effective dose equivalent

transuranic

treatment, storage, and disposal

volatile organic compound

Washington Administrative Code

Washington (State) Department of Health

wet electrostatic precipitator

Hanford Tank Waste Treatment and Immobilization Plant
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assessment par  ters, and using air ¢ _ rsion parameters and radionuclide emission concentration
estimates specific to the WTP emission units. The dose modeling determines the total effective dose
equivalent (TEDE) to the hypothetical offsite maximally exposed individual (MEI). The worst-case dose
modeling results locate the MEI due to WTP emissions along the Hanford property boundary. The MEI
1s an offsite receptor located 18.78 kilometers in the east-southeast direction from the WTP along the

Columbia River.

Taking into account the removal of radionuclide emissions from the proposed offgas controls systems, e
combined TEDE to the MEI from the WTP is estimated to be approximately 0.35 millirem per

year (nmemv/'yr). The hi st predicted abated TEDE is approximately 0.288 nweny/yr from the LAW
vitrification plant. This is followed by the emissions from the HLW vitrification plant at approximately
0.05 nreryr. Section 15 of this submittal presents the resulting TEDE to the MEI, as well as the
associated emission rates for each emission unit.

Descriptions of the WTP stack monitoring and sampling -ogram are presented in section 9 of this
submittal. The collected samples will be extracted and analyzed offline in the analytical laboratory in
accordance with 40 CFR 61, Appendix B, Method 114.
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Tablel  Summary of WTP Emission Units and Results of the Radionuclide Control Analvses

Proposed Controls

R

Particulates and
(®)

e Gas '

Location Emission Unit | Aerosols®” Radi
Analytical | Latitude: 46°33° 055 ” N | LB-S1 HEPA (single) NA
Laboratory ]ld;).r}]g’i,u\xge: 119° 306° E'Sz HEPA NA
LB-C2° HEPA (single) NA

NA: not applicable

HEME: high efficiency mist eliminator

SBS: submerged bed scrubber

WESP: wet electrostatic precipitator

a0 o W

Incrernental contro] with

DOE/ORP-2003-10

Includes radioactive and non-radioactive particulates and aerosols.
The proposed BARCT is dual HEPA filtration unless noted.
The latitude and longitude location of the C2 air vent will be the same as the associated process stack.

'A filter determined to be cost prohibitive.
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ocati 1

Please see Radioactive Air Emissions Notice of Construction Permit Application for the River Protection
Project - Waste Treatment Plant (24590-WTP-RPT-ENV-01-008, Rev 1).
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2 Respc sib. Manager

The responsible manager of the WTP is as follows:

Responsible Manager:
Mr. R. J. Schepens
hUS Department of Energy, Office of River Protection
Post Office Box 450
Richland. WA 99352
(509) 376-6677
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3 .ro; sedAction

The purpose of the WTP is to convert radioactive and hazardous liquid waste from the Hanford

double-she tank (DST) system to a solid vitrified form (borosilicate glass) for final disposal at the

Hanford Site or in a geologic repository. The WTP will be designed to produce a maximum of 56 metric |
tons per day of vitrified product.

The WTP represents construction of 21 new emission units. The purpose of this submittal is to provide |
information on the proposed WTP and predicted radionuclide emissions from these units to satisfy the
WDOH requirements discussed in WAC 246-247-060 and Appendix A to chapter 246-247-110 of the

WAC. This submuttal is applicable over the nominal lifetime of the WTP of 40 years.

Dt _, ORP-2003-10
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. State ..nvironmer al Po :ty Act

Please see Radioactive Air Emissions Notice of Construction Permit Application for the River Protection |
Project - Waste Treatment Plant (24590-WTP-RPT-ENV-01-008, Rev 1).
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5.2.1 Emission Unit PT-S3
5.2.1.1  Waste Feed Receipt System (C5)

This system will be located within the CS5 areas. The definition of C5 is provided in section 5.2.3. The
waste feed receipt system will receive tank waste from the DST system and selected recycle streams from
pretreatment waste processing. The waste feed receipt system will also facilitate sampling of the waste,
provide lag storage, and transfer the waste feed for subsequent treatment within the pretreatment plant.

5.2.1.2  Waste Feed vap« ition System (C5; C: densate Tanks are C3)

The waste feed evaporation system will include two evaporator trains arranged in parallel. The
evaporator trains can be operated independently or at the same time, depending on the process needs.

The waste fe  :vaporator separator vessels will incorporate forced-circulation units operating under
vacuum to r¢ e the operating temperature. Each of the waste feed evaporator separator vessels w

have a pulsed jet agitation system to provide mixing and to prevent settling of entrained solids. The waste
feed from the feed vessels will be pumped continuously to the evaporator.

The re-circulation pump will maintain a high flow rate within the evaporation system. The re-circulation

pump will transfer the waste through the reboilers and back into the separator vessel. The re-circulating

waste stream will be prevented from boiling in the reboiler tubes by maintaining sufficient hydrostatic
:ad to increase the boiling point above the temperature of the liquor in the reboiler.

As the liquid travels through a reboiler, the hydrostatic head will diminish and flash evaporation will

occur as the flow enters the separator vessel. The liquid will continue to flash to equilibrium, and the

vapor and] 1id streams will be separated. The liquid stream will be circulated in this loop and become
z concentrated. The concentrated waste stream will be pumped out of the evaporator system to the
f )N Process system.

The historical decontamination factors from the Hanford Site 242-A evaporator were used to predict the
per  mance of the waste feed evaporator separator vessels. Both the 242-A evaporator and the waste
feed evaporator separator vessels are used to concentrate Hanford Site tank wastes. Both evaporators use
a forced-circulation, vacuum evaporation-crystallization system, which is composed of common
evaporation equipment such as recirculation vessels, reboilers, and condensers.

e operating temperature is the most important operating parameter that impacts evaporator
performance. The waste feed evaporator separator vessels will be operated at the same tcmperamre

50 °C (122 °F), as the 242-A evaporator.

The other operating parameters that can impact evaporator performance are residence time and solid
contents of the wastes. The 242-A evaporator has processed the wastes beyond the point of
crystallization, so the evaporator pressure was approximately 0.7 pounds per square inch (psi). However,
the waste feed evaporator separator vessels are not required to reach such a high degree of solids
concentration. The waste feed evaporator separator vessels will only concentrate the dissolved solids
concentration up to 8 to 10 M as sodium.  Higher solids concentration in the 242-A evaporator originates
from the precipitation of salt cake.

DOE/ORP-2003-10
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cycle in series. The fourth column will operate in parallel to the other colummns, and wiil be eluted and
regenerated or have its spent-ion exchange media replaced. The column fer ~ will be rotated as needed
so that:

o The lead column is taken offline for  ition/regeneration/media replacement
e The lag column becomes the lea column
e The polish column becomes the lag column

e The regenerated column becomes the polish column

The polishing column will be us  in the loading cycle to ensure removal of cesium to the level required.

The conc  ration of cesium in the treated LAW will be monitored. Loading operation will be switch
to the next position when the cesium con  itration in the effluent of the lead column reaches a
predetermined breakthrough point, or if significant amounts of cesium are detected in the effluent of the
lag column or in the effluent of the polishing ¢/ imn.

After a number of loading and regeneration cycles, the 1on exchange column resin is expected to lose
performance, and is termed “spent”. The number of cycles incurred before the column resin is spent will

| 1on LAW feed constituents, operating temperatures, properties of the resin, and LAW feed
throughput rates. The spent resin will be slurried out of the column to the spent resin collection and
dewatering system (section 5.2.1.7). A slurry of fresh resin will then be added to the column as a bed |
replacement.

Resin flush solution and spent resin will be transferred to the spent resin collection vessels. Resin flush
solution will occasionally purge to the waste feed evaporator separator vessels. When fresh resin slurry is
added into the cesium ion exchange columns, the excess transport liquid has to be taken out of the vessels.
This stream will be collected in the spent resin collection and dewate 1 system for use as resin removal
flush solution. Spent resin collection vessels will be controlled by the process vessel ventilation system.

5.2.1.6  Cesium Nitric Acid Recovery System (C5)

The cesium nitric acid recovery system will recover nitric acid previously used for cesium ion exchange
resin bed elution for reuse. During the process of regenerating the cesium ion exchange resin beds, eluate
composed of cesium-bearing nitric acid will be fed to the cesium evaporators operating | l |
pressure. This reduced pressure lowers the operating temperar  ind mir ~ zes coOrTos im
will be recirculated from the evaporator to the steam-heated cesium concentrate reboiler

concentrated liquid in the evaporator will be routed to the eluate contingency storage vessel for blending

and incorporation into the HLW melter feed stream. :

The cesium nitric acid recovery system will be in standby mode when a cesium ion exchange column is
not being eluted.

5.2.1.7  Technetium Ion Exchange System (C5)

WTP plans to remove the technetium ion exchange system in the near future.

DOE/ORP-2003-10
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The concentrated waste stream willbep  ed continuously out of the evaporator system. The
concentrate off-take will be situated on the suction line of the re-circulation pt The concentrated
waste streamw  be stored and processed through the LAW vitrification plant.

The historical decontamination factors from the Hanford Site 242-A evaporator (242-A evaporator) were
used to predict the performance of the treated LAW evaporator separator. |

Based on the reasons described in section 5.2.1.2, the decontamination factors used for the treated LAW
evaporator separator are expected to be higher than those used for the 242-A evaporator. However, the |
242-A evaporator performance data can be used as a bounding estimate for emissions from the treated

LAW evaporator.

5.2.1.11 Plant Wash and Disposal Syste (CS5)

1e primary function of the plant wash and disposal system is to receive, store, and transfer effluent. It
will collect plant wash, drains, and acidic or alkaline effluent from the pretreatment plant.

During operations, plant wash and drain effluents will be collected and mixed in with other effluents in
the plant wash vessel prior to transfer. The solution will be analyzed for pH and excess acidic effluent
will be neutralized. Effluents will be recycled to the waste feed evaporation system

gh-activity acidic and alkaline effluent is received, stored, and neutralized in the primary
acidic/alkaline effluent vessel or the secondary acidic/alkaline effluent vessel prior to transfer. In both
vessels, the acidic and alkaline effluents will be mixed to neutralize the effluents. The mixture wil.
analyzed and neutralized, if necessary. When the effluent meets the predetermined pH value, it will be
transferred to the waste feed evaporation system for recycling.

The acid/alkaline effl it vessels primarily receive caustic scrubber purge from LAW vitrification and
effluents from the cesium ion exchange system. The effluents are sampled and, if they meet acceptability
requirements, they are sent to the radioactive liquid waste disposal system. If it does not meet the
requirements, the effluent is sent to the treated] ¥ evaporation system.

The C3 floor drain collection vessel receives floor drain and floor sump effluents from C3 areas. The |
effluents are transferred to the plant wash vessel for treatment.

The HLW effluent transfer vessel receives HLW acidic wastes from HLW vitrification line drains from
HLW vitrification/pretreatment plant interface lines and laboratory drains. Thes¢ fluents can be
transferred to the plant wash vessel to recover the effluents back into the process system

...z ultimate overflow vessel receives overflows from vessels in the pretreatment plant. Additionally, this
vessel receives line drains and flushes.  1e vessel operating level is maintained below a predetermined
level to allow the vess to hold 30 minutes of overflow at the highest transfer rate within the plant.

2.1.12 Radioactive Liquid ' 1ste Disposal System (C3)

The primary function of the radioactive liquid waste disposal system is to receive, store, and transfer
contaminated liquid effluents. The radioactive liquid waste disposal system w1 receive low-activity
radioactive and/or dangerous waste effluents.

DOE/ORP-2003-10
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Table 5-1 Pretreatment Maintenance and Waste Management Activity Summary

Task Description To Pretreatment C3 Shop® | IN-SITU A vities
Pump Maintenance” X

Valve Maintenance® X

Condenser Maintenance® X (non-radioactive)
Samplers* X

Demister/Evaporator Pad Change-out” X (non-r  »active)
Acroso] Testing X

Fan Mamntenance X X

Filter Change-out* X

a  Emissions from the pretreatment C3 workshop are cascadeu w we wo vebibauun sysicus

Maintenance within bulges may include maintenance or repair of pumps, valves, and other items. These items may be
flushed or decontaminated prior to removal or worked in place, if appropriate.

¢ Spent filters will be disposed following filter change-out using approved maintenance and radiological procedures.
Samplers will be decontaminated prior to transfer to the C3 workshop.

DOE/ORP-2003-10
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Figure 6-13  HEPA Filter Design Arrays Details for Emission Unit LB-S2 ......cccoevvvvinenennins 6-36

igure 6-14  HEPA Filter Design Arrays Details for Emission Unit LB-S1 .........ccccccn.e.....0. 6-37

gure 6-15  HEPA Filter Design Arrays Details for Emission Unit LB-C2...............oen... 6-38
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be provided as a contingency. After the outside surfa  of the overpack have been checked for
radiological contamination and decontarmnated as required, the out-of-service HLW melter and its
overpack will be moved through the melter airlock and placed on the transporter to be moved out of the
HLW vitrification plant through the rollup doors.

Prior to disposal, the melter will be stored in the melter storage building. If a melter fails to meet the
disposal criteria, it will be stored until the HLW vitrification plant operating conditions are suitable for
the melter to be returned to the HLW vitrification plant for breakdown.

DOE/ORP-2003-10
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Table 6-2

Source Pretreatment LAW HLW Laboratory

C? vent air T 18.9 19.9 42.5 2.6 1

C3 vent air 21.9 22.1 26.1 37.9

CS5 vent air 30.7 22.6 25.0 9.4

Vessel/evap exhaust 11 NA NA NA

RFD/PIM exhaust 203 NA 1.9 NA
{ Melter offgas NA 2.4 0.9 NA

NA - not applicable: does not apply to this emission source.

DOE/ORP-2003-10
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Figure 6-1 Ven{ ition Block Diagram Pretreatt at1 Iding Ventilation C2, C3, and C5 Area Ventilation
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e |
C2 Extract
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Figure 6-3 Ventilation Block Diagram HLW Vitrification Building C2, C3, and C5 Ar Ven! tion
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Figure 6-13 HEPA ilter Design Arrays Details for Emission nit LB-S2
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Conten’ -
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7 Drawings of Cor -ols

Please see simplified process flow diagrams provided in section 5 of this submittal.
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8 Radionuclides of Concern

Please see section 15 of this submittal.
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Figure 9-1 Example Sampling System Layout for Pretreatment Emission Un - Side View
I _ FFrow ]
AND
|TEMP'

DIATIOfv
ON LINE
MONITORS**
*. See section 9.3.3
** For emission units with PEDE
to the MEI of > 5 mrem/yr

Duct Diameter Starting Point is
Location of Last Flow Disturbance
such as a Fan or Bend

1 ] |
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Annual Possession . uantity

The Hanford Tank Waste Treatr ¢ and Immobilization Plant (WTP) will have 21 er n units as |
described in section 5 of this submittal. The annual possession quantity (APQ) has b¢ stermined for
each emission unit and these values are presented in Table 10-1 through Table 10-5. \PQ values for |
pretreatment, LAW vitrification, and HLW vitrification process emission units are based on feed
concentrations in the Emission Maximum Case Runs with Updated Parameters
(24590-WTP-MRQ-PT-03-002, Rev 0). The APQ values for process building ventilation areas and
laboratory ventilation areas were derived from calculations utilizing ounding radionuc! : estimates.

The anticipated activities that may contribute to 4 Q in building and laboratory ventilation areas are |
described in section 5 of this submittal. The ILAW and THLW glass canisters may potentially have

residual radioactive surface contamination. The following is a summary of the approach used to ]
determine the APQ values provided in this section:

The APQs for emission units PT-S3, PT-S4, LV-S3, HV-S3A, HV-S3B, and HV-S4 were calculated |
based on the anticipated waste concentrations to be processed through pretreatment, LAW
vitrification, and HLW vitrification processes. The assumed throughput rates to LAW andl ¥
vitrification processes are 50 metric tons per day and 6 metric tons per day, respectively.

e The APQs for emission units PT-C2, PT-S1, LV-C2, LV-S1, HV-C2, HV-C2R, and HV-S1 represent
the APQs for the WTP C2 and C3 zone building ventilation systems. The APQs were calculated
based on the anticipated smearable surface contamination for each ventilation area.

e The APQs for emission units PT-S2, LV-S2, and HV-S2 represent the APQs for the C5 zone building
ventilation syst . The APQs for LV-S2 and HV-52 were calculated bas« on vitrified glass volume
and estimated glass concentrations. The APQs for PT-S2 were based on anticipated releases during
waste transfer operations in pretreatment C5 areas.

» The APQs for the emission units ILAW-C2  1IHLW-S1 were calculated based on the anticipated
annual throughput and the potential residual surface contamination on the decontaminated containers.

e The APQs for the analytical laboratory (emission units LB-C2, LB-S1, and LB-S2) were calculated
based on the anticipated laboratory sample concentrations and volumes.
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Table 10-1 Annual Possession Quantities for Radionuclides for  :treatment, LAW Vitrification, and HLW Vitrification Processes
N APQ (Ci/yr)
Emission Unit Emission Unit ' Emission Unit Emission Unit Emission Unit Emission Unit
CAS Number Radionuclide [ PT-S3 PT-S4 LV-S3 HV-S3A HV-S3B HV-S4
aocas # Cadmium-113m3 1. +04 = 1.90E+04 1.09E+04 1.02E+04 1.02E+04 1.02E+04
no cas # Selenium-793 1.76E+02 1.76E+02 1.87E+02 4,03E+01 4.03E+01 4.0 +01
Total { 1.32E+08 1.32E+08 2.85E+06 6.59E+07 6.59E+07 1.32E+08
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Table 10-3 Annual Possession Quantities for Radionuclides in the LAW Vitrification
Building Ventilation System
LAW Ventilation System (Ci/vr)

Radionuclide Emissi  Unit Emission Unit Emission Unit aUnit |

Emitter Type Lv-C2* Lv-s1* Lv-s2° ILAW-C2¢
Total o 1.95E-06 2.55E-02 1.67E+03 2.3%9E-04
Total pfy 9.75E-05 2.58E+00 NA '.39E-03
Total B NA NA 1.45E+05 NA o
Total y NA NA 6.39E+03 NA
Total 9.95E-05 2.61E+00 1.53E+05 26 -03 R

a  Based on anticipated alpha and beta-gamma surface contamination.

b Based on potential releases from vitrified glass product.
¢ Based on potential canister residual surface contamination.
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Table 10-5 Annual Possession Ouantities for Radionuclides in the Analytical Laboratory

Radionuclide Analytical Laboratory (Ci/yr)

Emitter Type Fmission Unit LB-C2 Emission Unit LB-S1 Emission Unit LB-S2

Total o 4.03E+00 4.03E+00 4.03E+00 B
Total 1.08E+03 1.08E+03 1.08E+03

Total v 2.85E+02 2.85E+02 2.85E+02

Total - 1.37E+03 1.37E+03 1.37E+03
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11 Physical Form

Please see Radioactive Air Emissions Notice of Construction Permit Application for the River Protection
Project - Waste Treatment Plant (24590-WTP-RPT-ENV-01-008, Rev 1).
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12 neleaSe Form

Please see Radioactive Air Emissions Notice of Construction Permit Application for the River Protection
Project - Wuste Treatment Plant (24590-WTP-RPT-ENV-01-008, Rev 1).
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13 Release Rates

Please see section 15 of this submittal.
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14 _oca ">n of the Maximally Exposed Individual

Please see section 15 of this submittal.
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T le15-11 Radionuclide Emiss and dividual and Tot Effective Dose E iivalents for
LAW Building Vent  ion Emission Unit LV-S1
Emissions (Ci/yr) Selected Individual Dose (mrem/yr)
Unit DCF Percent l IPercent
adionuclide |Unabated \bated Il(mrem/Ci) |Unabated |Contributic
Total o 1.28E-05 6.38E-09 .88E+00 7.51E~ 50% 3.75E-08 50%
Total Bry 1.29E-03 | 6.44E-07 5.80E-02 7.48E-.. 50% 3.74E-08 50%
" al 1.30E-03 | 6.51E-07 na 1.50E-04 100.00% 7.49E-08 | 100.00%

Note: -

The unit dose conversion factor is used to calculate both unabat

2

3-10

ind abated individual doscs.
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"6 Cost.2 torsof Con* ol Tec inology Componc s

Please see Radioactive Air Emissions Notice of Construction Permit Application for the River Protection
Project — Waste Treatment Plant (24590-W ?-RPT ~ {V-01-008 ev 1).
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7 1 ra rnor ifetime

Please see Radioactive Air Emissions Notice of Construction Permit Application for the River Protection
Project - Waste Treatment Plant (24590-WTP-RPT-ENV-01-008, Rev 1).
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