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INTRODUCTION 

The submerged bed scrubber (SBS) condensate direct disposal alternatives were developed in 
RPP-RPT-52321, Submerged Bed Scrubber Condensate Disposal Preconceptual Engineering 
Study. To support the development of these alternatives, supporting calculations were prepared 
and are included herein. 

The three SBS condensate direct disposal alternatives identified in RPP-RPT -52321 are used as 
the basis for these supporting calculations. Figure 1 provides a graphical depiction of the SBS 
condensate direct disposal alternatives included in RPP-RPT -52321. 
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The following supporting calculations are included in this document 

• Calculation AEM-WRPS-2012-CN-012, Rev. 0, provides the Alternative 1 equipment 
sizing estimates (Appendix A) 

• Calculation AEM-WRPS-2012-CN-013, Rev. 0, provides the Alternative 2 equipment 
sizing estimates (Appendix B) 

• Calculation AEM-WRPS-2012-CN-014, Rev. 0, provides the Alternative 3 equipment 
sizing estimates (Appendix C) 

• Calculation AEM-WRPS-2012-CN-01S, Rev. 0, provides the LAW Melter 
Decontamination Factor Adjustments (Appendix D) 

• Calculation AEM-WRPS-2012-CN-017, Rev. 0, provides the Hazard Category 
Calculation for SBS condensate direct disposal (Appendix E). 

REFERENCES 

RPP-RPT-S2321, 2012, Submerged Bed Scrubber Condensate Disposal Preconceptual 
Engineering Study, Rev. 0, Washington River Protection Solutions, LLC, Richland, 
Washington. 
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Appendix A 

CALCULATION AEM-WRPS-2012-CN-012, 
ALTERNATIVE 1 EQUIPMENT SIZING ESTIMATES 
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Subcontractor Calculation Review Checklist 

Subject: AEM-WRPS-2012-CN-012, Alternative 1 Equipment Sizing Estimates 

The subject document has been reviewed by the undersigned. 

The reviewer reviewed and verified the following items as applicable. 

Documents Reviewed: AEM-WRPS-2012-CN-012, Alternative 1 Equipment Sizing Estimates 

Analysis Performed By: AEM Consulting, LLC 

• Design Input 

• Basic Assumption 

• Approach/Design Methodology 

• Consistency with item or document supported by the calculation 

• ConclusionlResults Interpretation 

• Impact on existing requirements 

Reviewer (printed name, signature, and date) P. E. Peistrup 

~..., ,;/27/ZcYZ 

Organizational Manager (printe~, signature, and date) Martin Wheeler 

I~~ flmn. 
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A E M Consulting, LLC. Calculation Set No. Rev No. 
AEM-WRPS-2012-CN-012 0 

Calculation Note and 
Peer Review End Use: Pre-conceptual Design 

Project: WRPS 48504 Line Item 2-SBS Direct Disposal Sheet 1 019 
Alternatives. 

Discipline: Process Contract No: WRPS 48504 Line Item 2 

Structure or System: NA 'Reserved 

Subject: Alternative 1 Equipment Sizing Estimates 

Completed by: G. R. Golcar Ct1A'C-,~_ l ( Date 0611912012 

Checked by: R. Lokken( ~,. /J. ~ 42",- /': Date 0611912012 

Approved by ''''''W_~) G. Dunford nl 1 ~ Date r,/l.7 If 't-
Distribution: NA 

, 
Reason lor Revision: Total number of sheets in this 
Not applicable, initial release. issue: 9 

Sheets revised, added or deleted: 
NA 

Problem Statement: 
Estimate the size of major equipment pieces for the configuration associated with the Alternative-I, which 
transfers the "As Generated" SBS condensate directly to the disposal site. Also, the annual sample load is 
estimated. 
Summary Conclusions: 
The feed to Alternative-I is the SBS condensate trdnsferred in International Standard Organization (ISO) tanks 
from WTP vessel RLD-VSL-00005. The analysis uses seven days of storage as an assumed allocation for poor 
weather condition and the design throughput of7500 gallons per operating day for the SBS condensate flow rate 
at peak generation documented in SVF -2440 SBS Disposal PreConcepl Ails. as the basis for sizing. 

The results of the sizing calculations are: 

• A maximum of 65,600 gallons (rounded) tank volume size for eacb tank in a two tank slorage 
configuration is required 

• The size of eacb storage tank was reduced to 31,300 gallons (rounded) by considering the use ofISO 
tanks in combination with tank that provide additional storage capacity at the waste transfer facility in tbe 
holding period. 

The reduced storage tank system feed receipt and blending tanks are sized for blending off-normal SBS 
condensate and storage for tbe sampling analysis to comply with the waste acceptance criteria. 
Design Basis: 
The Alternative-I SBS condensate feed throughput documented in SVF-2440 Rev 0 at 7500 gallon-'per day. 

File: AEM-WRPS-2012-CN-OI2 Rev 0 
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1.0 ObjectivelPurpose 

Contents 

A pre-conceptual engineering study is being developed to compare three alternative configurations for disposal 

2 
2 
4 
4 
8 
8 
9 
9 

of the Submerged Bed Scrubber (SBS) condensate from the WTP LAW Vitrification facility. The objective of this 
calculation is to estimate the size of major equipment pieces for the configuration associated with the 
Alternative-I, which transfers the "As Generated" SBS condensate directly to the disposal site. In addition, the 
annual sample load is estimated. Altemative-l contains feed receipt and blending tanks to meet the feed storage 
capacity for an asswned holding period prior to shipment to an off site disposal site. The process stream for 
Altemative-l is SBS condensate transferred in International Standard Organization (ISO) tanks from the WTP 
vessel RLD-VSL-00005. The calculation considers the holding time to conduct and prepare Record Control (RC) 
waste analysis, storing liquid in ISO tanks used for transferring the liquid while performing RC analysis before 
offsite shipment, and/or blending SBS condensate in the storage tanks followed by RC sampling before loading in 
ISO tanks for disposal shipment 

Figure 1 provides a simplified view of the Altemative-l configuration. SBS condensate from the WTP vessel 
RLD-VSL-00005 is received at the waste transfer facility in the ISO tanks. An RC sample from the RLD-VSL-00005 
before loading ISO tanks determines if the SBS condensate batch complies with transportation and disposal waste 
acceptance criteria (WAC). If the ISO tank content complies with the WAC then the container is stored at the 
waste transfer facility for shipment to a licensed disposal site. SBS condensate that fails to comply with WAC is 
transferred to one of two SBS condensate storage tanks located in the waste transfer building and blended with 
complying batches. The tank content is then RC sampled and, if determined to be compliant, prepared for loading 
into ISO tanks for offsite transportation. 

2.0 Input Data 

• The WTP vessel RLD-VSL-OOOO5 SBS condensate output is used as the input feed stream to the Alternative-l 
evaluation. 

• The amlysis uses the throughput documented in SVF-2440. SBS Disposal PreConcept Ails. Rev 0 (worksheet 
Eqpt DesignAlt-1) as the basis for sizing. The equipment sizing is based on receiving 7500 gallons per 
operating day (SBS condensate flow rate at peak generation). This rate is defined as "DesignRateStreaml" in 
the calculation described in Section 4.0, and is referred to as "Streaml, SBS feed condensate" in SVF-2440 
(Eqpt DesignAlt-l worksheet). 

• The mission average daily rate at 4540.6 gaVday described in SVF-2440 (worksheet Mission Avg-Alt 1) is used 
to calculate the minimwn sampling load required for RC sampling analysis performed at WTP on the 
RLD-VSL-00005 content prior to transferring the waste in ISO tanks. 

• The batch volume of 16,000 gallons for vessel RLD-VSL-00005 described in 24590-WTP-RPT -PT-02-005, 
Flowsheet Bases, Assumptions, and Requirements, Rev 6, page B-4 is used to estimate the minimwn armual 
sampling load for Altemative-l configuration (see Figure 1 for RC sampling point). 

File: AEM-WRPS-20l2-CN-012 Rev O.xmcd 
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• Equipment sizing is based on a peak processing rate such that operating efficiency adjustments are not 
required (overall Total Operating Efficiency (TOE) of 100"10). 

• An ISO tank is used to transfer SBS condensate from the WTP to the Waste Transfer Building (WTB). The 
ISO tanks provide additional storage capacity at the WTB, and are used for transportation of SBS 
condensate to a licensed commercial disposal site (see Figure 1). 

Input Calculation Constants: 

Facility Design Basis: DesignRateStreaml :~ 7500 gal condensate/Operating day 

Overall Operating Efficiency: TOE:~ 1 Operating days/Calendar days 

Days per year: Days:~ 365 Calendar days/Calendar yr 

Input Feed Volumetric Flow Rate at Peak Generation: QFeedin :~ DesignRateStreaml· TOE 

QFeedin ~ 7500 gal/Calendar day 
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Figure 1 Altemative-l Configuration and Sampling 
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3.0 Assumptions 

For Altemative-l the following assumptions apply: 

1. ISO tanks of 5000 gallon volwnetric capacity are assumed for the SBS condensate transportation and 
storage in the WTB lag storage system. At a least twelve ISO tanks and ISO tank positions are available to 
support lag storage. 

2. A two day Record Control eRe) sample analysis turnarOlllld time is asswned to verify compliance with the 
transportation and disposal site waste acceptance criteria (WAC). This assumes analysis and data package 
preparation activities similar to that described for sample point PT -27 in 24590-WTP-PL-PR-04-0001, 
Integrated Sampling and Analysis Requirements Document (ISARD) , which characterized waste transfers 
from RLD-TK-0006A/B for comparison with the Liquid Effluent Retention FacilitylEffluent Treatment Facility 
WAC, and is asswned similar to sample requirements for this application. The RC sampling is performed on 
the SBS condensate vessel batches transferred from the WTP and stored in ISO tanks at the WTB facility 
and, if necessary, on the SBS condensate stored in the lag storage tanks after blending operation (see 
Figure 1). 

3. The lag storage system is sized to hold condensate for seven days, which is an asswned allocation for poor 
weather condition along transport routes. This logic implicitly includes the two-day hold time for tank 
sampling analysis turnarOlllld prior to loading condensate for transport. 

4. In order to meet seven day criteria needed as the basis for the tank storage capacity, it is asswned a 
combination of ISO tanks and the feed receipt and blending tanks can be used to satisfy the storage period. 
A design margin of 80010 volwnetric fill capacity is used to estimate the two feed storage tanks volwnes as an 
enabling asswnption. 

6. The feed receipt and blending storage tanks are asswned to be cylindrical, above grolllld vessels. 
7. AI: 1 aspect ratio for each tank diameter and height is used as an enabling asswnption. 

Asswnption Calculation Constants: 

Hold time before Transfer: tHoldMax :~ 7 day 

Design Margin of Tank Volume Filled by Feed: FillDM:~ 0.8 

Tank Height to Diameter Aspect Ratio: AR:~ 1 Dimensionless 

4.0 Method of Analysis 

This calculation begins by constructing the Altemative-l configuration and sampling schematic shown in 
Figure 1. The seven days of storage and tbe design throughput of 7500 gallons per operating day for tbe SBS 
condensate flow rate, at peak generation, are used as the sizing basis. These inputs calculate the maximwn 
storage capacity required for the Altemative-l configuration using a system oftwo storage tanks. The peak 
generation rate provides a conservative margin in sizing. The calculated maximwn storage capacity is then 
applied as the basis to estimate a reduced storage tank volwne, when it is asswned a combination of the ISO 
tanks and reduced storage tanks satisfy the seven days storage criteria. In this case the SBS condensate tanks 
are sized for blending off-normal SBS condensate and storage for the RC sampling to comply with the WAC. 

The sample load is estimated for the maximwn nwnber of samples to be analyzed if enough waste received at the 
WTB facility was out of WAC specification such that all waste need to be routed to the storage tanks for 
blending. 

File: AEM-WRPS-2012-CN-012 Rev O.xmcd 

A-5 



RPP-RPT-52796, Rev. 0 

A E M Consulting, LLC. Calculation Set No. AEM-WRPS-2012-CN-012 Rev No. 0 Sheet 5 of 9 

Storage Vessel Sizing: 

The storage tanks are asswned cylindrical, above grolllld atmospheric-pressure storage tanks. The calculation 
for a two tank configuration is presented in this section. 

Maximlllll Required Tank Size: 

The maximum volume of each tank is sized to accommodate storing seven days of SBS condensate, generated at 
the peak rate, when 80010 full. The two storage tank system is arranged such that one tank is always available to 
receive liquid from WTP vessel RLD-VSL-00005 without stopping the upstream process flow. Based on the 
described cycling scheme, the needed tank volume capacity and size is calculated. 

Number of Lag Storage Tanks: Tanks Configuration 

Hold Time before Transfer for Two lag Storage System: tHold2T :~ tHoldMax 

Feed Volume per Storage Tank: 

V 2TFeed ~ 52500 gal Feed! Storage Tank 

Design Margin of Tank Volume Filled by Feed: FillDM ~ 0.8 

V2TFeed 
Actual Tank Vohnne to achieve 80% Storage Capacity: V .. ~---

2TS,ze· FillDM 

or 

V 2TSize ~ 65625 

V2TSize 
V 2Tft3 :~ -7-4-8-05-

gallons Capacity/ Storage Tank 

V 2Tft3 ~ 8773 

Using a 1: 1 aspect ratio for tank diameter and height, diameter for each storage tank dimensions: 

Tank Height to Diameter Aspect Ratio: AR~ I 

Storage Tank Diameter: 

Storage Tank Height: 

Reduced Size Based on Allocating Storage to ISO Tanks: 

The volwne of the feed receipt and blend tank in the lag storage configuration can be reduced when a portion of 
the storage requirement is allocated to ISO tanks. Asswning at least twelve ISO tank storage positions are 
available to support lag storage system volwne for 7 days of storage, which is assigned between a reduced tank 

File: AEM-WRPS-2012-CN-012 Rev O.xmcd 
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capacity and a fraction of allocated ISO tanks. To decide on reduced tank capacity, the volume of seven days of 
storage in equivalent numbers of ISO tank is determined. 

Volume of anI SO Tank: VISO.Tank:~ 5000 gallons/ ISO Tank 

Volume of Feed for Seven Days of Storage Equivalent to ISO Tanks: 

V2TFeed 
VFeedEQISO :~ 

VISOTank 

VFeedEQISO ~ 10.5 EquivalentISO Tanks 

The reduced tank sizing is simplified by assigning tank storage volume equivalent to integer numbers of ISO 
tanks volume. 

Assigned Nwnber of ISO Tanks for Each Reduced Storage Tank Capacity in ISO tank increments: 

NISOTank :~ 5 

Reduced Feed Volume per Storage Tank: 

V 2TReduced ~ 25000 

Design Margin of Tank Volume Filled by Feed: FillDM ~ 0.8 

Tank Volume to achieve 80010 Storage Capacity: V 2TReducedSize :~ 

ISO Tanks/ Tank Capacity 

gal Feed! Storage Tank 

V2TReduced 

FillDM 

V2TR d dS· ~ 31250 gallons Capacity/ Storage Tank e lice lze 

or 

V 2TReducedft3 :~ 
V 2TReducedSize 

7.4805 

V 2TReducedft3 ~ 4178 

Using a 1: 1 aspect ratio for tank diameter and height, each storage tank dimensions become: 

Tank: Height to Diameter Aspect Ratio: AR~ 1 

Storage Tank Reduced Diameter: ._ [V 2TReducedft3] 
D2TReduced .- (1t) 

- AR 
4 

Storage Tank Reduced Height: 

File: AEM-WRPS-20l2-CN-012 Rev O.xmcd 
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Remaining Volume of SBS condensate allocated to ISO Tanks: 

VFeedinISO:~ V2TFeed - V2TReduced 

VFeedinISO ~ 27500 gal of SBS Condensate allocated to ISO tanks 

Number of ISO Tanks Needed to Add to tbe Reduced Tank Storage: 

VFeedinISO 
NISOTankNeed :~ 

VISO.Tank 

NISOTankNeed ~ 5.5 Number of ISO Tanks for balance SBS condensate 

RoundNISOTankNeed:~ round(NISOTankNeed) 

Number ofISO Tanks (Rounded) Used for 7 Days of SBS Condensate Storage per Reduced Storage Tank. 

RoundNISOTankNeed ~ 6 ISO tanks/ Reduced Storage Tank 

Number ofISO Tanks (Rounded) Used for 7 Days of SBS Condensate Storage per Reduced Two Storage Tank Fully 
Filled for Offsite Transportation. 

ISO tanks/ Reduced Two Storage Tank Configuration 

NISOTankFull ~ 11 ISO tanks/ Reduced Two Storage Tank Configuration 

Sample Load Estimate: 

Based on the assumption for sampling scheme shown on of Figure 1, a Record Control sample is taken from the 
RLD-VSL-00005 at WTP before transferring tbe content to an ISO tank for transport to tbe WTB. The average SBS 
condensate rate at 4540.6 gal/day, in SVF-2440 (Mission Avg-Alt 1 worksheet), and RLD-VSL-00005 batch volume 
of 16,000 gallons are used to estimate the minimwn RC sampling load. The minimum is based on no additional RC 
samples at the WTB. The maximwn number of RC samples is estimated when enough SBS condensate batches 
received at the WTB are assumed out of WAC compliance, and routed to the storage tanks for blending, such that 
all SBS condensate passes through the storage tanks. 

Minimwn Record Control Sampling Load: 

Mission Average Daily Rate: QMission.Sl :~ 4540.6 gal/day 

RLD-VSL-00005 Batch Volume: VVSL.00005:~ 16000 gallons 

File: AEM-WRPS-20l2-CN-012 Rev O.xmcd 
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QMission Sl"Days 
Number of RC Samples per Year per Vessel RLD-YSL-00OO5 RCSampleYSLOOOO5 :~ . 

YYSLOOOO5 

RouudRCSampleYSLOOOO5 :~ rouud(RCSampleYSLOOOO5) 

RouudRCSampleYSLOOOO5 ~ 104 Alteruative-l Minimum Samples/ yr 

Maximlllll Record Control Sampling Load: 

Nwnber ofRC Samples per Year per Reduced Two Storage Tank System: 

QFeedin·Days 
RCSample2T :~ --".-'-'-'=---

Y2TReduced 

RouudRCSample2T:~ rouud(RCSampl"2T) 

RouudRCSample2T ~ 110 Samples/ yr 

Maximum Number Nwnber of RC Samples for Altemative-l Configuration: 

Altl MaxRCSamples :~ RouudRCSample2T + RouudRCSampleYSLOOO05 

Altl MaxRCSamples ~ 214 Altemative-l Maximum Samples/ yr 

5.0 Use of Computer Software 

This calculation was performed using Mathcad, version 13.0 (Mathsoft Engineering & Education, Inc.) 

6.0 Results 

The Maximum Tank Volwne Required for a Two Tank Storage System Configuration is: 

Y 2TSize ~ 65625 gallons/ Storage Tank 

"When a minimum oftwelve ISO tanks are allocated to support lag storage, the tanks provided in a Two Tank 
Storage System configuration can be reduced to : 

Y 2TReducedSize ~ 31250 gallons/ Reduced Size Storage Tank 

The Diameter and Height of Each Storage Tank (Supported by ISO Tank Storage): 

D2TReduced ~ 17.5 ft and H2TReduced ~ 17.5 ft 

Minimwn Record Control Sampling Load: 

RouudRCSampleYSL.OOO05 ~ 104 RC Samples/ yr 

Maximum Record Control Sampling Load: 

Altl MaxRCSamples ~ 214 RC Samples/ yr 

File: AEM-WRPS-2012-CN-012 Rev O.xmcd 
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7.0 Conclusions 

The Altemative-l equipment sizing was performed using the throughput documented in SVF-2440 Rev 0 at 7500 
gallon per day. The size of the feed receipt and blending vessels in a two lag storage configuration is reduced by 
approximately 50% in volume by including the ISO tanks in combination with the storage vessels to hold SBS 
content prior to transportation. 

8.0 References 

24590-WTP-RPT-PT -02-005,2011, Flowsheet Bases, Assumptions, and Requirements, Rev 6.0, Bechtel National 
Inc., Richland, Washington. 

24590-WTP-PL-PR-04-0001, 2008, Integrated Sampling and Analysis Requirements Document (ISARD) , Rev 2, 
Bechtel National Inc., Richland, Washington. 

SVF-2440, 2012, SBS Disposal PreConcept AIls. Rev O. Washington River Protection Solutions LLC, Richland, 
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Subcontractor Calculation Review Checklist 

Subject: AEM-WRPS-2012-CN-013, Alternative 2 Equipment Sizing Estimates 

The subject document has been reviewed by the undersigned. 

The reviewer reviewed and verified the following items as applicable. 

Documents Reviewed: AEM-WRPS-20l2-CN-013 , Alternative 2 Equipment Sizing Estimates 

Analysis Performed By: AEM Consulting, LLC 

• Design Input 

• Basic Assumption 

• Approach/Design Methodology 

• Consistency with item or document supported by the calculation 

• Conc1usionlResults Interpretation 

• Impact on existing requirements 

Reviewer (printed name, ~gnatUfe, £..(§ E. Peistrup 

~ ~/Z7/z"I2-

Organizational Manager (printed na e, signature, and date) Martin Wheeler 

~~ C/Z7!'2. 
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Calculation Note and 
Peer Review End Use: Pre-conceptual Design 

Project: WRPS 48504 Line Item 2-SBS Direct Disposal Sheet 1 of 16 
Alternatives. 

Discipline: Process Contract No: WRPS 48504 Line Item 2 

Structure or System: NA Resewed 

Subject: Alternative 2 Equipment Sizing Estimates 

Completed by: G. R. Golcar (l"" Z-- }'ij.-Yv,;tV . Date 06/19/2012 

Checked by: R. LOkk~tk-6.. ;:f j /' - 1\ /"\ Date 06/19/2012 

Approved by (LJlEOC_~.' G. Dunford nll () \--" Date ({j{ Z 7/11-. 
Distribution: NA 
Reason for Revision: Total number of sheets in this 
Not applicable, initial release. issue: 16 

Sheets revised, added or deleted: 
NA 

Problem Statement: 
Determine equipment sizes to support evaluation of Altemative-2 configuration. The subject equipment is: a) feed 
staging tanks, b) Wiped Film evaporator (WFE), c) WFE condensate storage tanks, d) WFE condensate storage 
tanks, and f) heat exchanger to condensate WFE overhead vapor stream. The calculation uses the throughput 
documented in SVF-2440, SBS Disposal PreConcept Alts. at 7500 gallon per day, and seven days of assumed 
holding period prior to transferring the WFE concentrate for offsite disposal and shipment of the WFE condensate 
to the effluent treatment facility rETF). 

Summary Conclusions: 
I) In a two tank storage configuration for all three staging operations using the throughput documented in SVF-
2440 Rev 0 at 7500 gallon per day, and seven day of storage time the preliminary vessel sizes are: 

• Minimum Feed tank at 80% storage capacity is 3750 gallons size per storage tank, 

• WFE Condensate tank at 80% storage capacity is 51030 gallons per WFE Condensate storage tank, 
• WFE Concentrate tank at 80% Storage capacity is 14616 gallons per WFE Concentrate storage tank. 

II) The calculated WFE heat transfer surface area based on the experimental WFE condensate flux indicates 
approximately 97.8 square feet of evaporation is required to meet the WFE condensate rate at 4.05 gpm. Two units 
of Artisan Rototherm® horizontal thin film evaporator, each containing 50 -ft' ofheat transfer area, operating in 
parallel configuration were determined. 
III) The total condenser heat transfer area is calculated to be 1256 -ft' based on the overall heat transfer rate of 
2, I 57,269.1- BTUIhr to condense WFE overheat vapor. By assuming a heat exchanger operating in series with 
each of the WFE unit, then each condenser module is approximately 628-ft'. 
IV) The tanks storage capacity and volume were modified for all three staging operations, by assuming a 
combination of the International Standard Organization (ISO) tanks and tanks can be used to provide seven days of 
storage. Identical vessels with capacity equivalent to three ISO tanks were selected as the basis for pre-conceptual 
design. In this case the volume of each storage tank was calculated to be 18750 gallons with dimensions of 14.7-ft 
in diameter and height. The three ISO tanks-storage tank capacity was based on the calculated stored volume of 
WFE concentrate (11,693 gallons) for seven days of holding time and rounded up to an integer number ofISO 
tanks (3). The capacity was found to be adequate for Feed condensate; and for WFE condensate when combined 
with ISO tanks storage. A third storage vessel of equal capacity is included in the Feed storage configuration for 
blending of an off-normal downstream WFE concentrate tank volume with the feed batches if necessary. 
V) The annual record control sample load estimate taken for the WFE condensate tanks is 41 samples/yr, and for 
the WFE concentrate tanks is 142 samples/vr. 

Desion Basis: The Altemative-2 feed throughput documented in SVF-2440 Rev 0 at 7500 eallon per day. 
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1.0 ObjectivelPurpose 

Contents 

A pre-conceptual engineering study is being developed to compare three alternative configurations for disposal 

2 
2 
5 
6 
14 
14 
15 
16 

of the Submerged Bed Scrubber (SBS) condensate from the WTP LAW Vitrification facility. The objective of this 
calculation is to estimate the size of major equipment pieces for the configuration associated with the 
Altemative-2, which transfers SBS condensate to the disposal site after concentration. In addition, the annual 
sample load is estimated. A Wiped Film evaporator (WFE) is used for the concentration process. The subject 
equipment in Altemative-2 are: a) feed staging tanks, b) Wiped Film evaporator, c) \VFE condensate storage 
tanks, d) \VFE concentrate tanks, and e) heat exchanger to condense WFE overhead vapor. The equipment are 
sized to satisfy an input tlrroughput rate, and an asswned holding period prior to shipment to an off site disposal 
site. The tlllllaround time to perform the required Record Control (RC) sampling analysis prior to shipment is 
factored into the calculation. 

The Alternative-2 process schematic and sampling are shown in Figure 1. The SBS condensate in the WTP 
vessel RLD-VSL-00005 is process control sampled (PcS) and received at the waste transfer facility in the 
international standard organization (ISO) tanks. The Feed tanks function to receive WTP condensate and if 
needed, blend non-complying downstream WFE concentrate with other SBS condensate batches. The SBS 
condensate is evaporated by a \VFE and the resulting WFE condensate and WFE concentrate are RC sampled. 
\VFE condensate is shipped to the effluent treatment facility (ETF), and the WFE concentrate is transported to a 
licensed disposal site. ISO tanks are used for all liquid shipments. 

2.0 Input Data 

• The WTP vessel RLD-VSL-00005 SBS condensate output is used as the input feed stream to the 
Alternative-2 evaluation. 

• The amlysis uses the throughput documented in SVF-2440, SBS Disposal PreConcept Ails. Rev 0 
(worksheet Eqpt DesignAlt-2) as the basis for sizing. The equipment sizing is based on receiving 7500 
gallons per operating day of the SBS condensate at peak generation. The rate is defined as 
"DesignRateStream2" in Section 4.0 calculation, and referred as "Stream2, WFE Feed" in the Eqpt 

DesignAlt-2 worksheet. 

• Equipment sizing is based on a peak processing rate such that operating efficiency adjustments are not 
required (overall Total Operating Efficiency (TOE) of 100"10). 

• An ISO tank is used to transfer SBS condensate from the WTP to the Waste Transfer! Building (WTB). The 
ISO tanks provide additional storage capacity at the WTB, and are used for transportation of SBS 
condensate to a licensed commercial disposal site (see Figure 1). 
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Figure 1 Altemative-2 Configuration and Sampling 

• The Wiped Film Evaporator size is based on experimental \VFE condensate generation rates using an Artisan 
Rotothenn® horizontal thin fihn evaporator containing 50 square feet of heat transfer area. The \VFE testing 
was conducted using AN-l 05 liquid simulant and documented in RPP-RPT-47443, Wiped Film Evaporator 
Full- Scale Demonstration System TestReport. The WFE condensate rates are shown in Table 1, as reported 
in Table 6-1 ofRPP-RPT-47443. 

• The "Stream 8 WFE Condensate" of the SVF-2440 Eqpt DesignAlt-2 worksheet at 4.05 gpm is used to size 
\VFE condensate storage vessels. The \VFE condensate rate is defined as "QStream8" in Section 4.0. 

• The "Stream 3 WFE Concentrate" of the SVF -2440 Eqpt DesignAlt-2 worksheet at 1.16 gpm is the basis for the 
\VFE concentrate storage vessels sizing, and is defined as "QStream3" in Section 4.0. 

• The SVF -2440 Eqpt DesignAlt-2 worksheet "Stream 10 Cooling Water Supply" heat transfer rate across the 
heat exchange is 2,157,269.1 BTUIhr. It condenses the overhead \VFE water vapor at 125 OF to liquid water at 
82 OF and is used to determine heat exchangerls heat transfer area. 
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Table 1 Experimental Average Condensate Production Rate (RPP-RPT-47443 , Rev 0, Table 6-1) 

Average 
wn: ,h erage 

,herage O~ratiDg Annge f~d Condensate 
f~d Preu urt Sitam Ending IT-401 

RMe [DPT-305) Pl·fSsUrt Fted Slarting T .... Flow Ratt 

TM' [l iT..(IOI [ tOIT [PT502[ Fftd Starting Temp [UI"..(IO 1 [ Fftd Ending SpG [l "-T -OO I ) (aal/min) 
R., (apm) absotUft (psig) SpG [UT...(l() I) ~f) 11Ii-OO I [ (Of) (I bfhr) 

I 8.6 110 24 1.1 7 17 1.23 lI6.4 2.07 1 
{1037] 

2 10 11 0 24 1.1 7 100 1.25 126.1 2.185 

[1094] 

3 10 90 24 1.1 7 102.3 1.27 12 1.8 2.363 

[11 83] 

4 8 90 24 1.1 7 100.9 1.28 118.0 2.312 
[1157] 

5 8 110 37 1.1 7 96.9 1.28 124.1 2 .514 

(1258] 

6 10 11 0 33 1.1 7 100.2 1.28 126.0 2.479 
{1241 ] 

7 10 90 31 1.1 7 102.4 1.31 120.7 2.599 
[1301] 

8 8 90 29 1.1 7 97.1 1.27 lI8.3 2.473 

(1238] 

• The overall heat transfer coefficient for a Service value Stainless Steel 316L shell and tube heat exchanger at 

105.56 BTu/(hr. ft2 OF) documented in Appendix 10 ofRPP-RPT -47433, RevO pages AI0-51 is applied in the 
heat exchanger area calculation. 

• The SVF-2440 Eqpt DesignAlt-2 woIksheet fluid temperatures for: "Stream 4 WFE vapor" at 125°F, "Stream 8 
WFE Condensate" at 82 OF, "Stream 10 Cooling Water Supply" at 77 OF, and "Stream 11 Cooling Water 
Return" at 87 OF are inputs to calculate the log mean temperature difference (LMTD), .0.T1m. A countercurrent 

flow heat exchanger is selected for applying LMTD as the mean temperature difference in heat exchanger 
design equation. 

mput Calculation Constants: 

Facility Design Basis: DesignRateStream2 := 7500 gal condensate/Operating day 

Overall Operating Efficiency: TOE:= 1 Operating days/Calendar day 

Days per year: Days := 365 Calendar days/Calendar yr 

Daily Input Feed Volumetric Flow Rate: 

QFeedin := DesignRateStream2·TOE QFeedin = 7500 gal /Calendar day 
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~eedin 
QFeedinGPM:~ 24.60 QFeedinGPM ~ 5.208 gpm 

Overall Heat Transfer Rate Across the Heat Exchanger: QHeatStreamlO :~ 2157269.1 BIUIhr 

Overall Heat Transfer Coefficient Using a Service value of Stainless Steel 316 L Shell and Tube Heat Exchanger: 

UService :~ 105.56 BIU / hr. ft2 OF 

Input WFE Vapor Temperature: t'l :~ 125 OF 

Output WFE Condensate Temperature: t'2 :~ 82 OF 

Input Cooling Water Temperature: till := 77 of 

Input Cooling Water Temperature: t"2 := 87 of 

3.0 Assumptions 

For Altemative-2 the following assumptions apply: 

1. ISO tanks of 5000 gallon volumetric capacity are assumed for the SBS condensate transportation and 
storage in the WTB lag storage system as an enabling asswnption. A minimlllll twelve ISO tanks and ISO 
tank positions are available to support lag storage. 

2. A two-tank storage configuration is selected for storage and processing of the SBS Feed condensate, \VFE 
condensate, and WFE concentrate that support sampling. 

3. The two-tank storage configuration is arranged such that one tank is always available to receive liquid from 
the ISO tanks or the upstream process without stopping the processing demand. 

4. An additional third Feed tank is included to be used in the blending of off-normal downstream \VFE 
concentrate with feed batches. 

5. A two day Record Control (RC) sample analysis turnarOlllld time is asswned to verify compliance with the 
transportation and disposal site waste acceptance criteria (WAC). This asswnes analysis and data package 
preparation activities similar to that described for sample point PI -27 in 24590-WIP-PL-PR-04-000l, 
Integrated Sampling and Analysis Requirements Document (ISARD) , which characterized waste transfers 
from RLD-TK-0006A/B for comparison with the Liquid Effluent Retention FacilitylEffluent Treatment 
Facility WAC, and is asswned similar to sample requirement for this application. The RC sampling is 
performed on the \VFE condensate, and on the WFE concentrate stored in the lag storage tanks prior to off 
site shipment (see Figure 1). 

6. A 0.4 day Process Control (PcS) sample turnaround time to monitor processing is asswned. Unlike the RC 
sampling, the PcS is asswned as a monitoring verification step and thereby no alternating between the feed 
vessels is required. This asswnes analysis and data package preparation activities similar to that described 
for sample point PT -35 in 24590-WTP-PL-PR-04-0001, and is asswned similar to sample requirement for this 
application. The PcS sampling is performed on the SBS condensate vessel batches transferred from the 
WIP and stored in ISO tanks at the WIB facility, and the SBS condensate feed at the WIB as illustrated 
on Figure 1. 

7. Process knowledge and/or process control sampling is asswned sufficient for loading the content of the 
RLD-VSL-00005 vessel into ISO tanks, and transfer to WTB facility as an enabling asswnption. 

8. The \VFE condensate and WFE concentrate storage tanks in combination with ISO tanks are sized to hold 
liquid for seven days of storage before transferring to offsite. The asswnption is allocated for poor weather 
condition along transport routes. This logic implicitly includes the two-day hold point for tank sampling 
analysis turnaround prior to loading condensate on a transport. 

File: AEM-WRPS-20l2-CN-013 Rev O.xmcd 

8-6 



RPP-RPT-52796, Rev. 0 

A E M Consulting, LLC. Calculation SetNo.AEM-WRPS-2012-CN-013 Rev No. 0 Sheet 6 of 16 

9. The SBS Feed condensate tanks are assumed to function as staging vessels prior to concentration process. 
The sizing of these vessels are assumed llllconstrained by seven days of storage as assumed for \VFE 
condensate and \VFE concentrate storage tanks. The PeS monitoring residence time of the feed tanks is 
assumed as sizing criteria for these vessels in a preliminary analysis. 

10. A design margin of 80010 volumetric fill capacity is used to estimate the two feed storage tanks volumes as 
an enabling assumption. 

11. The storage tanks are assumed to be cylindrical, above grolllld vessels. 
12. AI: 1 aspect ratio for each tank diameter and height is used as an enabling assumption. 
13. The heat exchangers are considered to be Stainless Steel 316L shell and tube heat exchanger operating in a 

cOlllltercurrent flow as an enabling assumption. 

Assumption Calculation Constants: 

Residence Time For SBS Condensate Feed before Downstream \¥FE Concentration 

Residence Time for Feed Process Control Sample Analysis: Day 

Storage Hold Time before Transfer for the \¥FE Concentrate Or \¥FE Condensate Storage Tanks: 

Hold time before Transfer: 

Design Margin of Tank Volume Filled by Feed: 

Tank Height to Diameter Aspect Ratio: 

4.0 Method of Analysis 

tHoldMax :~ 7 day 

FillDM:~ 0.8 

AR:~ 1 Dimensionless 

The Altemative-2 configuration and sampling schematic is shown in Figure 1. A preliminary vessel sizing is 
performed to estimate the volume constraint (minimum volume for feed tank, and maximum volume for downstream 
storage tanks) when 80010 full. The calculation uses a residence time of 0.4 days for PcS monitoring and the input 
rate of 7 500 gallons per operating day at peak generation to estimate a minimum feed tank size, since the feed 
vessel functions as an interim vessel before concentration. The volumetric flow rate for the WFE condensate and 
\¥FE concentrate, documented in SVF-2440, and seven days of storage are used to calculate the maximum storage 
required in this case. 

In the second phase of vessel sizing, the calculated maximwn storage capacity for the \¥FE condensate and 
concentrate storage tanks are applied as the basis to estimate a reduced storage tank volume, when it is asswned 
a combination of the ISO tanks and reduced storage tanks satisfy the seven days storage criteria. An additional 
third Feed tank is included to be used in the blending of off-normal downstream \¥FE concentrate with the feed 
batches. The vessel sizing and facility layout was further simplified by asswning an identical vessel size for all 
seven tanks used in the Altemative-2 configuration. Furthermore, the complexity associated with sorting ISO 
tanks allocated for liquid storage by WFE condensate or \¥FE concentrate streams is decreased, when the 
selection of a reduced tanks size selection is conservatively based on the initial \¥FE concentrate storage 
capacity that is equivalent to the capacity in mrits of ISO tanks. The reduced tank sizing is not constrained by 
the feed tank volume since the residence time for the feed tanks is less than one day as compared to seven day of 
storage for WFE condensate and \¥FE concentrate. 

The Wiped Film evaporator is sized to meet the design \¥FE condensate rate at 4.05 gpm. The calculation 
described below uses the experimental \¥FE condensate production flux provided by a 50 square feet heat transfer 
area (RPP-RPT-47433). The WFE scale up is simplified by assuming the overall heat transfer coefficient for the 
Altemative-2 \¥FE to be the same as the tested system without postulating a scaling factor for the overall heat 
transfer. The calculation asswne \¥FE units of 50 square feet heat transfer area that are identical to the tested 
\¥FE to operate in parallel configuration in meeting the design condensate production rate. 
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The system heat exchanger area size is based on the calculated heat removal rate to generate WFE water 
condensate from the WFE overhead vapor. The heat exchanger area is calculated using an overall heat transfer 
coefficient based on the service value of stainless for a steel shell and tube heat exchanger. A cOlllltercWTent 
flow heat exchanger is asswned when applying LMTD as the mean temperature difference in heat exchanger 
design equation. 

Alternative-2 Tank Storage Sizing: 

For all three staging operations a two tank storage configuration is used. The two storage tank system is 
arranged such that one tank is always available to receive a liquid stream without stopping the upstream 
production flow. Each tank vohnne is sized using a design margin of 80% fill capacity. A preliminary sizing 
calculation for: a) Feed, b) WFE condensate, and c) WFE concentrate storage is based on the assumed throughput 
and the storage time is performed to establish the design based storage capacities requirement. The PcS sampling 
is assumed to not be a holding point to alternate between the tanks for the feed tanks. 

The tank storage capacities are then modified to reach a storage volume applicable for all three staging operations 
by incorporating the use of the ISO tanks at each stage with the storage vessels in a two tank storage system that 
meet the initially calculated capacities. An additional third Feed tank is included to be used in blending of 
off-normal downstream \VFE concentrate with the feed batches. 

Alternative -2 Preliminary Feed Tank Sizing 

The output flow rate from the Feed vessel,"Stream 2 \VFE Feed" in the Eqpt DesignAlt-2 worksheet, which is the 
WTP vessel RLD-VSL-00005 condensate and the PcS sampling residence time for the Feed process control is 
used. 

Feed Output Volumetric Flow Rate to the WFE: QFeedoutGPM:~ QFeedinGPM 

QFeedoutGPM ~ 5.208 gpm 

QFeedGPH :~ QFeedoutGPM 60 

QFeedGPH ~ 312.5 GPH 

Residence Time for Feed Process Control Sample Analysis: Day 

tPcSHR ~ 9.6 hr 

The minimum capacity for the Feed tank is to store 9.6 hours of material. 

Minimum Feed Volume per Storage Tank: 

VFeed ~ 3000 gal Feed! Storage Tank 

Design Margin of Tank Volume Filled by Liquid: 

Minimum Tank Volume at 80% Storage Capacity for Feed Storage: 

FillDM ~ 0.8 

VFeed 
VFeedSize:= ·11 

Fl DM 

VFeedSize ~ 3750 gallon Size Capacity/ Storage Tank 
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or 

VFeedSizeft3 :~ 
VFeedSize 

VFeedSizeft3 ~ 501 ft3 Size Capacity/ Storage Tank 
7.4805 

Alternative -2 Preliminary WFE Condensate Storage Tank Sizing 

The vapor stream leaving the WFE flows into a condenser and the WFE condensate is collected in a WFE 
condensate storage vessel. The WFE condensate storage vessels are sized to meet a) \VFE condensate 
production rate of 4.05 gpm described in Section 2.0 for the "Stream 8 \VFE Condensate", and b) hold seven days 
of condensate storage. The assumed two days holding point analysis turnaround for the RC sampling is implicitly 
aCcOllllted in allow holding time. 

Stream 8 WFE Condensate Volumetric Rate All WFE modules:: 

QStream8 :~ 4.05 gpm 

3 
QStream8.Day ~ 5.832 x 10 gaV day 

In a Two Tank \VFE Condensate storage, a WFE condensate tank is always available to receive \VFE 
condensate stream from the WFE vapor condensation without stopping the upstream \VFE condensate 
production flow. 

Nwnber of\VFE Condensate Storage Tanks: 

Hold Time before Transfer from Two Tank WFE Condensate 
Storage System: 

\VFE Condensate Volwne per Storage Tank: 

V2T.Cond ~ 40824 

N2T.Cond:~ 2 Tanks Configuration 

(7 days) 

gal WFE Condensate/ Storage Tank 

Design Margin of Tank Volume Filled by Liquid: FillDM ~ 0.8 

Tank Volwne to Meet the Design Criteria and 80010 Storage Capacity: V2T.Cond.Size :~ 

or 

V2T.Cond.Size ~ 51030 

V2T.Cond.ft3 :~ 
V2T.Cond.Size 

7.4805 

gallon Size Capacity/ \VFE Condensate Storage Tank 

V2T.CondJt3 ~ 6822 ft3 Size Capacity/ Storage Tank 

Alternative -2 Preliminary WFE Concentrate Storage Tank Sizing 

The \VFE concentrate storage vessel system is sized to meet: a) \VFF concentrate production rate of 1.16 gpm 
described in Section 2.0 for the "Stream 3 \VFE Concentrate", and b) the seven days of storage time. 
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Stream 3 WFE Concentrate Volumetric Rate from All WFE modules: 

Stream 3 WFE Concentrate Volumetric Rate: 

Number ofWFE Concentrate Storage Tanks: 

Hold Time before Trausfer from Two Tank WFE 
Concentrate Storage System: 

\VFE Concentrate Vohnne per Storage Tank: 

QStream3:~ 1.16 gpm 

QStream3.Day ~ 1670.4 gaV day 

N2T.Conc:= 2 Tanks Configuration 

tHold2T ~ 7 days 

V2T.Conc ~ 11693 gal WFE Concentrate/ Storage Tank 

Design Margin of Tank Volume Filled by Liquid: 

Tank Volume to Meet the Design Criteria and 80010 Storage 
Capacity: 

FillDM ~ 0.8 

V 2T. Conc. Size := 

V2T.Conc.Size ~ 14616 gallon Size Capacity/ \VFE Concentrate Storage Tank 

or 

V2T.ConcJt3 :~ 
V 2T. Conc. Size 

7.4805 
V2T.ConcJt3 ~ 1954 ft3 Size Capacity/ Storage Tank 

Reduced Size Based on Allocating Storage to ISO Tanks: 

The \VFE concentrate tanks are sized for seven days of holding are used as common tank size that can be 
supplemented by ISO tanks in different application. The tank storage capacity and volume calculations can be 
modified for all three staging operations when it is assumed a combination of the ISO tanks and storage tanks are 
available to satisfy the seven days storage criteria. An additional Feed tank is included for blending off-nonnal 
downstream \VFE concentrate feed batches if needed. The vessel sizing and facility layout was fw1:her simplified 
by assuming an identical vessel size for all seven tanks used in the Altemative-2 configuration. Fw1:hennore, the 
complexity associated with sorting ISO tanks allocated for liquid storage by WFE condensate or \VFE concentrate 
streams is decreased, when the tank size selection is conservatively based on the initial \VFE concentrate storage 
capacity that is equivalent to the capacity in units of ISO tanks. The reduced tank sizing is not constrained by the 
feed tank volwne since the residence time for the feed tanks is less than one day as compared to seven day of 
storage for WFE condensate and \VFE concentrate. 

The remaining volume ofWFE condensate is allocated to ISO tanks. It is assumed that a modified \VFE 
condensate tank is filled to capacity and an RC sample is taken. Then the tank content is transferred to ISO tanks 
for storage while analysis is perfonned. 

The tank capacity is assumed to be used for the three feed and blending tanks that satisfy the tanks capacity 
above needed residence time. If needed, the full content of an off-nonnal WFE concentrate can be rerouted and 
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blended with fresh SBS feed condensate. 

Using the Preliminary Storage Volume for \VFE Concentrate as Basis in Reduced Storage Tank Volumes per Seven 
Days of Storage: 

\VFE Concentrate Volume per Storage 
Tank: 

Volume of anI SO Tank: 

V2T.Conc ~ 11693 

VISO.Tank:~ 5000 

Equivalent Number of ISO Tanks for WFE Concentrate Volume: 

V2T.Conc 
NumISOTankEQ :~ 

VISOTank 

gal WFE Concentrate/ Storage Tank 

gallon! ISO Tank 

NumISOTankEQ ~ 2.34 Number ofISO Tanks for balance SBS condensate 

Rounding Up to NextInteger for Number ofISO Tanks 

RoundNumISOTankEQ :~ (round(NumISOTankEQ)) + 1 

RoundNumISOTankEQ ~ 3 

The Rounded Up Number ofISO tanks is Used For Each Modified Storage Capacity In a Two Tank Storage 
Configuration for All Processing Stages: 

Using the Preliminary \VFE Concentrate Storage: 

Modified Volume per Storage Tank: 

V 2TModified ~ 15000 

Design Margin of Tank Volume Filled by Liquid: FillDM ~ 0.8 

Modified Tank Volume at 80"10 Storage Capacity: V 2TModifiedSize :~ 

gal Capacity/ Storage Tank 

V 2TModified 

FillDM 

V2TModifiedSize ~ 18750 gallon Size Capacity/ Storage Tank 

or 

V 2TModifiedft3 :~ 
V 2TModifiedSize 

7.4805 

V 2TModifiedft3 ~ 2507 ft3 Size Capacity/ Storage Tank 

Using a 1: 1 aspect ratio for tank diameter and height, each storage tank: dimensions become: 
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Tank Height to Diameter Aspect Ratio: AR~ 1 

Storage Tank: Reduced Diameter: 

3 

[

V2TModifiedft3] 
D2TModified :~ ( ~ )AR 

D2TModified ~ 14.7 ft 

Storage Tank Reduced Height: 

H2TModified ~ 14.7 ft 

Remaining Volume of"WFE condensate allocated to ISO Tanks: 

V2T.CondNeed:~ V2T.Cond - V2TModified 

V 2T. CondN eed ~ 25824 gal WFE Condensate/ Storage Tank 

Number of ISO Tanks Needed to Add to the Modified Tank Storage for WFE Condensate Storage: 

NISOTankNeed :~ 
V2T.CondNeed 

VISOTank 

Sheet 11 ofl6 

NISOTankNeed ~ 5.2 Number ofISO Tanks for balance volume ofWFE 
condensate/Storage Tank: 

Rounding Up to Next Integer for Number ofISO Tanks Used for 7 Days of SBS Condensate Storage per Reduced 
Storage Tank. 

RoundNISOTankNeed:~ (round(NISOTankNeed)) + 1 

RoundNISOTankNeed ~ 6 ISO tanks/ Reduced Storage Tank 

An additioml 6- ISO tanks (rounded up) per each WFE condensate storage tank, or a total of 11- ISO tanks are 
needed to meet the storage required for the WFE Condensate. 

Number ofISO Tanks (Rounded) Used for 7 Days of SBS Condensate Storage per Reduced Two Storage Tank 
approximately for ETF Transportation. 

NISOTankFull :~ NISOTankNeed·N2T.Cond ISO tanks/ Reduced Two Storage Tank Configuration 

RoundNISOTankFull :~ (round(NISOTankFuU)) + 1 

RoundNISOTankFull ~ II ISO tanks (Rounded up)/Reduced Two Storage Tank Configuration 
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Alternative-2 Wiped Film Evaporator Sizing: 

The Wiped Film evaporator (WFE) is sized to meet the WFE condensate rate of 4.05 gpm described in Section 
2.0 for the "Stream 8 WFE Condensate". The sizing calculation is based on the WFE testing conducted using 
AN -105 liquid sirnulant documented in RPP-RPT -47 443, Wiped Film Evaparatar Full- Scale Demanstratian 
System Test Report. Rev o. The results for the WFE averaged condensate production rate listed in Table 6-1 of 
RPP-RPT -47443, and shown in Table 1 are used to determine the experimental condensate flux. The testing used 
an Artisan Rotothenn horizontal thin film evaporator providing 50 square feet heat transfer area. To simplify 
\VFE scale up, modules of Artisan Rotothenn horizontal thin film evaporator containing 50 square feet heat 
transfer area are assumed to be used in parallel configuration for sizing the Altemative-2 \VFE. In this approach 
the \VFE overall heat transfer coefficient ,U, is maintained constant and the resistances to the flow of heat from 
the heating medium to the product affecting the U determination (resistance of the inner product film, inner 
fouling factor, the metal wall of the evaporator vessel, the outer fouling factor and the outer heating medium 
film) are not changed and thereby no additional scaling factor to determine a scaled U is required in sizing the 
WFE. 

The averaged condensate rate shown in Table 1 are ranges between 2.071 gal/min to 2.599 gal/min. By using the 
minimum condensate production rate of 2.071 gal/min shown as the test nm number 1 in Table 1, the largest heat 
exchange surface area to meet the \VFE design throughput is calculated. 

Using minimum averaged condensate production rate at 2.071 gaVmin of test run 1 Table 1: 

Heat Transfer Surface Area of Artisan Rototherm Horizontal Thin Fihn Evaporator used in 
Testing : 

Minimum Averaged \VFE Condensate Volumetric Rate: 

Minimum \VFE Condensate Volumetric Flux: 

ARotothenn :~ 50 
2 

ft Heat exchange area 

qWFE.cond.min :~ 2.071 gpm 

qWFE.cond.min 
FluxWFE.cond.min :~ ---'===== 

ARototherm 

-2 
FluxWFE.cond.min ~ 4.142 x 10 gpm/ft2 

Stream 8 WFE Condensate Volumetric Rate (see Section 2.0): QStream8 ~ 4.05 gpm 

Required \VFE Heating Surface Area for Minimum Condensate Rate: 
QStream8 

'\eql.WFE:~ -----­
Flux\VFE.cond.min 

Required Number of Artisan Rototherm Evaporators; 

'\eqlWFE ~ 97.8 ft2 

'\eql.WFE 
NWFE:~ 

ARototherm 

NWFE ~ 1.96 WFE Units 

RoundNWFE :~ round(NWFE) 

RoundNWFE ~ 2 WFE Units (Rounded) 

The calculated WFE heat transfer surface area indicate 97.8 square feet of evaporation is required to produce 4.05 
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gpm of \VFE condensate. Therefore two-50 square feet of Artisan Rotothenn evaporator lliilts operating in parallel 
are needed to meet the design \VFE condensate throughput. 

Alternative 2 - Heat Exchanger Sizing: 

The heat exchanger design equation is used to calculate the heat transfer surface area to condense the overhead 
\VFE water vapor at 125 of to liquid water at 82 of at an overall heat transfer rate of 2,157,269.1 BTUIhr across the 
heat exchanger operating in cOlllltercurrent flow. As described in section 2.0 the overall heat transfer rate is 
calculated for "Stream 1 0 Cooling Water Supply" of SVF -2440 Eqpt Design Alt-2 worksheet. A cOlllltercurrent flow 
heat exchanger is selected for applying LMTD as the mean temperature difference in heat exchanger design 
equation. The heat exchanger is asswned to be a shell and tube exchanger. Initially an overall heat exchanger area 
is calculated. Then, since each \VFE llllit is configured to operate with a heat exchanger in series, the combination 
of each of the two -WFE llllit and heat exchanger- modules operating in parallel produce the design WFE 
condensate rate and the heat transfer rate (of 2,157,269.1 BTUIhr). 

An estimate of the nwnber of heat exchanger tubes, etc. outlining a detailed heat exchanger design layout is 
differed to ore detailed studies. 

Overall Heat Transfer Rate Across the Heat Exchanger: QHeal.StreamlO ~ 2157269.1 BTUIhr 

Overall Heat Transfer Coefficient Using a Service value for Stainless Steel 316 L Shell and Tube Heat 
Exchanger 

Input \VFE Vapor Temperature: t'l ~ 125 OF 

Output \VFE Condensate Temperature: t'2 ~ 82 OF 

Input Cooling Water Temperature: till = 77 OF 

Input Cooling Water Temperature: t"2 = 87 OF 

COlllltercurrent flow, Perry Eqnl O-118a, 6th edition: 

Total Heat Transfer Area: 

Heat Transfer Area per \VFE and Heat Exchanger Module: 

UService ~ 105.56 BTU / hr ft2 OF 

nTlm = 16.27 OF 

C4real.StreamlO 
AHeat. Transfer := 

UService"nTlm 

AHeal. Transfer ~ 1256 

AHeat.Transfer 
~er.Module := RoundNWFE 

2 
"PerModule ~ 628 ft I Module of WFE and Heat Exchanger 
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Sample Load Estimate: 

Based on the sampling scheme shown on of Figure 1, RC samples are taken at the WTB fonn the WFE 
condensate tanks and \VFE concentrate tanks . 

Nwnber of RC Samples per Year per Modified Two Storage Tank WFE Concentrate Sample: 

QStream3.DaiDays 
RCSample2T :~ --=====--

V 2TModified 

RouudRCSample2T :~ rouud(RCSampl"2T) 

RouudRCSample2T ~ 41 Samples \VFE Concentrate/ yr 

Nwnber of RC Samples per Year per Modified Two Storage Tank WFE Condensate Sample: 

Sheet 14 of 16 

It is assumed that a modified \¥FE condensate tank is filled to capacity and an RC sample is taken. Then, the 
tank content is transferred to ISO tanks for storage while sampling analysis is performed. 

RCSampleWFECondensate :~ 
QStream8.DaiDays 

V 2TModified 

RCSampleWFECondensate ~ 142 Samples WFE Condensate/ yr 

5.0 Use of Computer Software 

This calculation was performed using Mathcad, version 13.0 (Mathsoft Engineering & Education, Inc.) 

6.0 Results 

Alternative-2 Tank Storage Sizing: 

In a two tank storage configuration using the design criteria the calculation indicate: 

Minimwn Feed Tank: Volwne at 80010 Storage Capacity: 

\VFE Condensate Tank: Volume at 80% Storage Capacity: 

V2T.Cond.Size ~ 51030 

\VFE Concentrate Tank: Volwne at 80% Storage Capacity: 

V2T.Conc.Size ~ 14616 

VF dS· ~ 3750 gallons Size Capacity/ Storage Tank ee lze 

gallons Size Capacity/ WFE Condensate Storage Tank: 

gallon Size Capacity/ \VFE Concentrate Storage Tank: 

The tanks storage capacity and volwnes are modified for all three staging operations when a portion of (if 
needed) storage is supplied also by ISO tanks for the 7 days holding period. In this case each storage tank: in a 
two tank: storage system is asswned to hold the volumetric capacity of three ISO containers and thereby identical 
vessels are used for all stages of the Altemative-2 processing. 
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An additional third storage vessel of equal capacity is included in the Feed storage configuration for blending of 
the off-nonnal downstream \VFE concentrate with the feed batches if necessary. 

Modified Tank Volume at 80"10 Storage Capacity: 

V2TModifiedSize ~ 18750 gallon Size Capacity/ Storage Tank 

Alternative-2 Wiped Film Evaporator Sizing: 

The Wiped Film evaporator (WFE) is sized to meet the WFE condensate rate of 4.05 gpm by using 2 units of 
Artisan Rotothenn® horizontal thin film evaporator containing 50 square feet of heat transfer area operating in 
parallel configuration. 

Alternative 2 - Heat Exchanger Sizing: 

The heat exchanger design equation is used to calculate the required heat transfer surface area to condensate the 
overhead \VFE water vapor at 125 OF to liquid water at 82 OF at the overall heat transfer rate of 2,157,269.1 BTUihr. 
A countercWTent flow heat exchanger was selected for applying LMTD as the mean temperature difference in a 
basic heat exchanger design equation. The heat exchanger is asswned to be a shell and tube exchanger. It is 
configured that each WFE unit operating in series with a heat exchanger to produce a WFE condensate outflow. 
The combination of each of the two -WFE illilt and heat exchanger- modules operating in parallel produce the 
design WFE condensate rate and the overall heat transfer rate. 

Total Heat Transfer 
Area: 

AHeatTransfer ~ 1256 

Heat Transfer Area per WFE and Heat Exchanger Module: 

'),erModule ~ 628 

Alternative 2 - Sample Load Estimated: 

2 
ft I Module of WFE and Heat Exchanger 

The annual sample load estimate for the record control samples taken at the WTB for the WFE condensate tanks 
and WFE concentrate tanks are: 

Nwnber ofRC Samples per Year per Modified Two Storage Tank WFE Concentrate Sample .:. 

RoundRCSample2T ~ 41 Samples WFE Concentrate/ yr 

Nwnber of RC Samples per Year per Modified Two Storage Tank WFE Condensate Sample: 

RCSampl"WFECondensate ~ 142 Samples WFE Condensate/ yr 

7.0 Conclusions 

The Altemative-2 equipment sizing was performed using the the throughput docwnented in SVF-2440 at 7500 
gallon per day. The calculated maximwn storage capacity for the WFE concentrate storage tank is used as the 
basis to estimate a common storage tank volwne for the feed, WFE condensate, and WFE concentrate storage, 
supplemented by ISO tank storage. An additional third storage vessel of equal capacity was included in the Feed 
storage configuration for blending of off-normal downstream WFE concentrate with the feed batches if necessary. 

The size of WFE condensate storage in a two lag storage configuration is reduced by approximately 65% in 
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volwne by including the ISO tanks in combination with the storage vessels to hold \VFE condensate content prior 
to transportation. 

Two illilts of Artisan Rotothenn® horizontal thin fihn evaporator, each providing 50 square feet of heat transfer 
area, operated in parallel satisfy the evaporation throughput. It is configured such that each \VFE unit operating 

in series with a heat exchanger to produce a WFE condensate outflow. A heat transfer area of 628 ft2 per each 
condenser module is estimated for each of the two -WFE illilt and heat exchanger- modules operating in parallel 
to produce the design \VFE condensate rate and the overall heat transfer rate. 
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Project: WRPS 48504 Line Item 2-SBS Direct Disposal Sheet 1 of34 
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Discipline: Process Contract No: WRPS 48504 Line Item 2 
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Subject: Alternative 3 Equipment Sizing Estimates 
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Problem Statement: 
Determine equipment sizes to support evaluation of Alternative-3 configuration. The subject equipment is: a) feed 
staging tanks, b) Wiped Film evaporator (WFE), c) WFE condensate storage tanks, d) WFE concentrate storage 
tank, e) heat exchanger to condense WFE overhead vapor stream, f) pneumatic conveying system, g) 
solidification mixer, and h) dry solidification agent powder storage silo and feed hopper. The calculation uses the 
throughput documented in SVF-2440, SBS Disposal PreConcept A Its. at 7500 gallon per day, and seven days of 
assumed holding period prior to transferring the solidified WFE concentrate for offsite disposal and shipment of 
the WFE condensate to the effluent treatment facility (ETF). 

Summary Conclusions: 

1) Tanks storage capacity and volumes for all three staging operations are based on assuming ISO tanks are 
available to support temporary storage. Identical vessels, with capacity to hold three ISO tanks was found to be 
suitable to support feed receipt and storage, WFE concentrate storage, and WFE condensate storage when 
combined with ISO tanks. The volume of each storage tank calculated to be 19,000 gallons (rounded) with the 
dimensions of 14.7 feet in diameter and height. An additional third storage vessel of equal capacity is included in 
the Feed storage configuration for blending of the off-normal downstream WFE concentrate with the feed batches 
if necessary. Overall seven tanks are included in process system: three tanks for feed receipt and blending, two 
tanks for WFE concentrate storage, and two tanks for WFE condensate storage. 

II) The calculated WEF heat transfer surface area based on the experimental WFE condensate flux indicates 97.8 
square feet of evaporation area is required to meet the WFE condensate rate of 4.05 gpm. The system uses two 
Artisan Rototherm® horizontal thin film evaporator units operated in parallel. Each WFE provides 50 square feet 
of heat transfer area. 

Ill) The calculated condenser total heat transfer area is 1256 square feet by using the overall heat transfer rate of 
2,157,269.1 BTUIhr to condense WFE overhead vapor. By assuming a heat exchanger operating in series with a 
WFE unit, eaeh heat exchanger module is approximately 628 square feet. 

IV) The storage silo and feed hopper are shaped as a cylindrical top and a lower conical geometry operating in a 
mass flow pattern. Both hoppers angle, Bc' (measured from vertical) was estimated to be 20°. The storage silo 

volume is approximately 955 ft3 with the dimension of 8.2 ft in diameter, 14.3 ft is cylindrical section height, 11.3 
ft (rounded) in conical section height, and an overall 25.6 ft tall . The reed hopper volume is approximately 265 
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ft3 with the dimension of 5.5 ft in diameter, 8.6 ft is cylindrical section height, 7.6 1\ (rounded) in conical section 
height, and an overall 16.2 ft tall. 

V) A Horizontal Ribbon Blender with calculated full capacity of 1351\3 or 1010 gallon that is commercially 
available is estimated for mixing the Petroset-H dry solidification agent with the WFE concentrate. 

VI) The pneumatic conveying system use a multistage centrifugal blower or a positive displacement rotary lobe 

blower, operating at volumetric air flow rate of approximately 320 ft3/min (rounded) at 5.35 psig. The pipeline 
layout uses a 3.5in. Sch. 40 pipe with an 10=3.548 in., and consists of 50-feet of horizontal length from the storage 
hopper solids feed-in, followed by a 30-feet vertical elevation, and then a 50-feet horizontal pipeline. A total 
pressure drop of the pneumatic conveying system was calculated to be 5.35 psig. 

VII) The annual record control sample load estimate taken for the WFE condensate tanks is 41 samples/yr, and for 
the WFE concentrate tanks is 142 samples/yr. 

Design Basis: The equipment sizing is based on equipment design mass balance ofSVF-2440. 
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1.0 ObjectivelPurpose 

Contents 

Detennine equipment sizes to support evaluation of Altemative-3 configuration. The subject equipment is: 
• Feed staging and blending tanks. 
• Wiped Film evaporator (WFE) 
• \VFE condensate storage tanks 
• \VFE concentrate storage tanks 
• Heat exchanger to condensate \VFE overhead vapor stream 
• Pnewnatic conveying system 
• Solidification mixer 
• Solidification agent powder storage silo and feed hopper. 

Similar to Alternatives 1 and 2, the initial feed to the Altemative-3 is SBS liquid condensate transferred in the 
Internatioml Standard Organization (ISO) tanks from the WTP vessel RDL-VSL-00005. The turnaround time to 
perform the required Record Control eRe) sampling analysis prior to shipment, and the design based storage 
holding period are factored into calculations. 

The Altemative-3 process flow and sampling are shown in Figure 1. The SBS condensate in the WTP vessels 
are received at the waste transfer facility in the ISO containers. The Feed tanks fllllction to receive WTP 
condensate and as needed blend the non-complying downstream \VFE concentrate with WTP feed batches. 
The feed is evaporated by WFE and the resulting WFE condensate is RC sampled and transferred to the Effluent 
Treatment Facility. The RC analysis is performed on the \VFE concentrate to confirm compliance with Class A 
concentration limits prior to mixing with solidification agent. The mixture is gravity transferred to soft sided 
containers and packaged for transportation to a licensed commercial disposal site. The dry solidification agent is 
pnelllllatically transferred from the storage silo into a feed hopper located above the mixer. The dry solidification 
agent is added to the mixer by a rotary airlock in batch quantities sufficient to fill a soft sided container to 80010 
capacity. 

The solidification agent is intended to convert the concentrated waste from a liquid state to a solid state 
containing no free liquid during trans portation. The non-complying WFE concentrate is recycled to the feed 
tank for blending and reprocessing. 

In Figure 1, the process blocks shown in green illustrate treatment steps of the Altemative-2 Configuration. The 
process blocks shown in red represent extra operations included in the overall Altemative-3 system. The 
Altemative-3 system sizing calculation described in this doclllllent and in Figure 1 represent all major pieces of 
equipment involved in feed receipt and storage, concentration, and solidification treatment operations. 
Therefore, the calculation shown in AEM-WRPS-20l2-CN -013 are related to provide a stand alone doclllllent for 
Altemative-3. 
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NRC = Non Routine Record Control Sample 
PeS = A-ocess Control Sample 
RC = Record Control Sample 
VllFE = Wiped Film Evaporator 
WTB = Waste Transfer Building 

Figure 1 Altemative-3 Configuration and Sampling 

2.0 Input Data 

The input data for the Altemative-3 is organized as inputs a) distinct to Altemative-3 configuration, b) general 
inputs common to equipment sizing calculation in AEM-WRPS-20l2-CN-0l3 for Altemative-2. 

Inputs Specific to Altemative-3: 

• The tliroughput rate documented in SVF-2440, SBS Disposal PreConceptAlts. (worksheet Eqpt DesignAlt-2) 
is used as the basis for sizing. The equipment is sized to receive 7500 gallons per operating day of the SBS 
condensate at peak generation. The rate is defined as "DesignRateStream2" in the calculation described in 
Section 4.0, and referred as "Stream2, \VFE Feed" in the Eqpt DesignAlt-2 worksheet. NOTE: The material 
balance work sheet (of the SVF -2440) for Alternative-3, Eqpt DesignAIt-3 is an addendum to the Eqpt 
DesignAlt-2 material balance worksheet, and extend mass balance calculations to the solidification process 
specific to the Altemative-3 configuration. The input rates for the feed, WFE condensate and WFE 
concentrate referred in this document are taken from the Eqpt DesignAlt-2 material balance worksheet. 
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• T he VlFE cm CEntrate and dry solidificatim agEnt mixture flow rate at 1.56 grm. and density of 11.73 lb/gal are 
defined in" Stream 17 Solidified Cm centrate·· of the SVF-2440 (Eqpt DesignAlt-3 wocksheet) The inputs are 
used to calculate daily numbers of cmta inC1"s produced 

• T he dry solidificatim agEnt flow rate at 1 10 grm. and dEnsity of735 ib/gal are defined in "Stream 16 
S olidificatim Agent Supply·· of the SVF-2440 (wocksheet Eqpt DesignAlt-3) The inputs are used to calculate 
the daily volumetric and mass flow rate of dry Petroset-H solidificatim agEnt 

• T he SVF-2440 (wakoheet Eqpt DesignAlt-3, Inputsl) uses Petroset-H by Fluidtech Inc as the dry 
solidification agEnt for the solidificatim process 

• T he hepper chart design of Figure 10, reported in S olve Solids Handling Probkms ty REtrofitting, and 
illustrated as Figure 2 is used to eotimate a conical hcpper angle (measured from verticaQ foc both sild hoppC1" 
dimension eotimates 

s 
40" 

30" 

~ ' 
20" 

Mass 
low Uncerlain 

10" 

0" 

0" 10" 20" 30" 40" SO" 

S 
0 

Figure 2 Design Chart For Setting Cm ical Hepper Angles foc Mass Flow (Figure lO-Solve Solids Handling 
Problems ty Retrofitting) 

• The pneumatic cmveying system u ses ambiEnt air as the carrier gas phase at 70 "F at bulk dEnsity of 0075 

Ibmlft3 and dynamic viscosity of 0.OOOOI2Ibmlft-s at atmoopheric pressure, P'1m = 14.7psi. These values 

WC1"e detEmlined by interpolating values at (j) "F and 80 OF in AppEndix I, Physi:al Properties of Gases and 
Liquids; Fwrlamentals of Momentum, HeatandMass Transfer Bock. 

• The gas friction factor (fg) used in estimating the pressure drep due to frictimallosses between the 

conveying gas and the pipe wall in the pneumatic conveying system is detEmlined from the Mco:iy diagram 
(FlwdMechani:s, page 313) 

• A fifteen minutes mixing time is reported in VEndoc literature abcut a Horizontal Ribb m BIEndC1" 

Inputs Ccrnmm to Alternatives 2 and 3 

• The VITP vessels RLD-VSL-OOOOS SBS cm dEnsate cutput is used as the input feed stream to the 
Alternative-3 evaluatim 
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• Equipment sizing is based on a peak processing rate such that operating efficiency adjustments are not 
required (overall Total Operating Efficiency (TOE) of 100%). 

• The Wiped Film Evaporator size is based on experimental WFE condensate generation rates using an 
Artisan Rotothenn® horizontal thin film evaporator containing 50 square feet of heat transfer area The 
WFE testing was conducted using AN-lOS liquid simulant and documented in RPP-RPT-47443, Wiped Fi lm 
Evaporator Full- Scale Demonstration System Test Report . The WFE condensate rates are shown in Table 
1 and reported in Table 6-1 ofRPP-RPT-47443. 

• An ISO tank is used to transfer SBS condensate from the WTP to the Waste TransferiBuilding (WTB). The 
ISO tanks provide additional storage capacity at the W1B , and are used for transportation of SBS 
condensate to the Effiuent Treatment Facility (EfF) (see Figure 1). 

• The "Stream 8 WFE Condensate" ofthe SVF-2440 Eqpt DesignAlt-2 worksheet at 4.05 gpm is used to size 
WFE condensate storage vessels. The WFE condensate rate is defined as " QStream8" in Section 4.0. 

• The "Stream 3 WFE Concentrate" ofthe SVF-2440 EqptDesignAlt-2 worksheet at 1.16 gpm is the basis for 
the WFE concentrate storage vessels sizing, and is defined as "QStream3" in Section 4.0. 

• The SVF-2440 EqptDesignAlt-2 worksheet "Stream 10 Cooling Water Supply" heat transfer rate across the 
heat exchangerls is 2,157,269.1 BTUlhr. It condenses the overhead WFE water vapor at 125 OF to liquid 
water at 82 OF and is used to detennine heat exchangerls heat transfer area 

Table 1-1 Experimental Average Condensate Production Rate (RPP-RPT -47443, Rev 0, Table 6-1) 

An-rage 
wn: ,\xerage 

An-rage Operating A' ·tI"age rHd Condensate 
rHd PrelSUl"t Steam Ending IT·40 1 

RMe [DPT-305) Pnssurt ft('d Scarring T,...., flow Ratt 

TM' [l.1"I-OOI ] tOIT [PT502] fffll Stal"ling Temp [\n-001] FfflI Ending SpG [l.IT-001) (gal/min) 

R" (&pm) absolutt (psi&) SpG [liT-OOI) f f) [liT-OO I] r f) [lblhr] 

1 8.' 110 24 1.1 7 77 1.23 116.4 2 .071 
(1037J 

2 10 110 24 1.17 100 U S 126_1 2 .\85 

{1094J 

3 10 90 24 1.1 7 102.3 1.27 121.8 2 .363 

(11 83] 

4 8 90 24 1.1 7 100.9 1.28 1\8.0 2.3 12 
(11 57] , 8 11 0 37 1.1 7 96.9 1.28 124.1 2.5 14 

[1258] , 10 110 33 1.1 7 100.2 1.28 126.0 2.479 
{124!] 

7 10 90 3i 1.17 102.4 1.31 120.7 2.599 
{DOl] 

8 8 90 29 1.1 7 97. 1 1.27 118.3 2.473 

{1238] 
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• The overall heat transfer coefficient for a Service value Stainless Steel 316L shell and tube heat exchanger at 

105.56 BTU/Chr. fl2 OF) documented in Appendix 10 ofRPP-RPT-47433, RevO page AIO-51 is applied in the 
heat exchanger area calculation. 

• The SVF-2440 Eqpt DesignAlt-2 worksheet fluid temperatures for: "Stream 4 WFE vapor" at 125°F, "Stream 8 
WFE Condensate" at 82 of, "Stream 10 Cooling Water Supply" at 77 of, and "Stream II Cooling Water 
Return" at 87 of are inputs to calculate the log mean temperature difference (LMTD), b.T 1m A cOlllltercurrent 

flow heat exchanger is selected for applying LMTD as the mean temperature difference in heat exchanger 
design equation. 

Input Calculation Constants: 

Facility Design Basis: DesignRateStream2:~ 7500 gal condensate/Operating day 

Overall Operating Efficiency: TOE:~ I Operating days/Calendar day 

Days per year: Days:~ 365 Calendar days/Calendar yr 

Daily Input Feed Volumetric Flow Rate: 

QFeedin :~ DesignRateStream2" TOE 

QFeedin 

QFeedin ~ 7500 gal/Calendar day 

QFeedinGPM :~ QFeedinGPM ~ 5.208 gpm 

Overall Heat Transfer Rate Across the Heat Exchanger: QHeatStreamlO :~ 2157269.1 BTUIhr 

Overall Heat Transfer Coefficient Using a Service value Stainless Steel 316 L Shell and Tube Heat Exchanger: 

UService:~ 105.56 BTU /hr. fl2 of 

Input \VFE Vapor Temperature: tl :~ 125 OF 

Output WFE Condensate Temperature: t2 :~ 82 OF 

Input Cooling Water Temperature: till := 77 of 

Input Cooling Water Temperature: t"2 := 87 of 

3.0 Assumptions 

For Altemative-3 the following asswnptions apply: 

1. ISO tanks of 5000 gallon volwnetric capacity are asswned for the SBS condensate transportation and storage 
in the WTB lag storage system as an enabling asswnption. A minimwn twelve ISO tanks and ISO tank 
positions are available to support lag storage. 

2. A two-tank storage configuration is selected for storage and processing of the SBS Feed condensate, \VFE 
condensate, and WFE concentrate that support sampling. 

3. The two-tank storage configuration is arranged such that one tank is always available to receive liquid from 
the ISO tanks or the upstream process without stopping the processing demand. 

4. An additional third Feed tank is included for blending of off-normal downstream \VFE concentrate with the 
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feed batches. 
5. A two day Record Control eRe) sample analysis turnarOlllld time is assumed to verify compliance with the 

transportation and disposal site waste acceptance criteria (WAC). This assumes analysis and data package 
preparation activities similar to that described for sample point PT-27 in 24590-WTP-PL-PR-04-oo01, 
Integrated Sampling and Analysis Requirements Document (ISARD) , which characterized waste transfers 
from RLD-TK-0006A/B for comparison with the Liquid Effluent Retention FacilitylEffluent Treatment Facility 
WAC, and is assumed similar to sample requirement for this application. The RC sampling is performed on 
the \VFE condensate, and on the WFE concentrate stored in the lag storage tanks prior to off site shipment 
(see Figure 1). 

6. A 0.4 day Process Control (PeS) sample turnarOlllld time to monitor processing is asswned. Unlike the RC 
sampling, the PcS is asswned as a monitoring verification step and thereby no alternating between the feed 
vessels is required. This assumes analysis and data package preparation activities similar to that described 
for sample Jhlint PT -35 in 24590-WTP-PL-PR-04-0001, and is assumed similar to the sample requirement for 
this application. The PcS sampling is performed on the SBS condensate vessel batches transferred from the 
WTP and stored in ISO tanks at the WTB facility, and the SBS condensate feed at the WTB as illustrated on 
Figure 1. 

7. Process knowledge and/or process control sampling is asswned sufficient for loading the content of the 
RL V -VSL-00005 vessel into ISO tanks, and transfer to the WTB facility as an enabling assumption. 

S. The \VFE condensate and WFE concentrate storage tanks in combination with ISO tanks are sized to hold 
liquid for seven days of storage before transferring to offsite. The assumption is allocated for poor weather 
condition along transport routes. This logic implicitly includes the two-day hold Jhlint for tank sampling 
analysis turnaround prior to loading condensate on a transport. 

9. The SBS Feed condensate tanks are assumed to function as staging vessels prior to the concentration 
process. The sizing of these vessels are assumed unconstrained by seven days of storage as assumed for 
\VFE condensate and \VFE concentrate storage tanks. The PcS monitoring residence time of the feed tanks 
is assumed as sizing criteria for these vessels in a preliminary analysis. 

10. The storage tanks are asswned to be cylindrical, above ground vessels. 
11. AI: 1 aspect ratio for each tank diameter and height is used as an enabling asswnption. 
12. The heat exchangers are considered to be Stainless Steel 316L shell and tube heat exchanger operating in a 

countercurrent flow as an enabling assumption. 
13. A "Five Yard Soft Sided Container System" of 5 cubic yard and 10,000 lbs loading weight supplied by MHF 

services" is used for packaging the mixture ofWFE concentrate and solidification agent. In the remainder of 
this document the Five Yard Soft Sided Container System is referred as a container. 

14. A Ribbon Blender is asswned to adequately mix the illy Petroset-H solidification agent with the WFE 
concentrate. 

15. A design margin of SOOIo volwnetric fill capacity is defined in tank volumes, solidification mixer, and 
packaging container estimates. 

16. The solidification agent, dry Petroset-H is considered to be delivered in bulk truck loads of approximately 
42,000 pounds at the WTB facility. 

17. The feed hopper is assumed to be filled daily. 
IS. The conveying system is asswned to be sized that the transfer ofPetroset-H from the storage silo to the feed 

hopper can be completed within 1 to 2 hours daily. 
19. The storage silo is placed in a separate room. 
20. The illy solidification agent, Petroset-H, is transported from the storage silo to the feed hopper by a positive 

pressure conveying system using ambient air. 
21. A conical shaped hopper design is used to determine the storage silo and feed hopper dimensions. 
22. To estimate the hopper angle (from vertical) for the storage silo and feed hopper in a mass flow mode, the 

flow of dry Petroset-H along a selected hopper wall needs to be measured to obtain the wall angle of friction 
parameter used in hopper design charts. In the absence of data, the wall angle of friction, ~', at 
approximately 2S0 reJhlrted for clay in Flow Property Measurement Using The Jenike Shear Cell/or 7 
different bulk solids is asswned for the pre-conceptual dimension estimates. 

23. A conservative solids loading ratio of 7, or phase density defined as the ratio of flow rate of particles divided 
by the flow rate of the air is used in pneumatic conveying system. For dilute phase conveying, maximwn 
values of achievable solids loading ratio are typically of the order of 15 (Pneumatic Conveying Design 
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guide). Asswne future pilot scale testing ofPetroset-H addresses the input data to specify the appropriate 
values of solids loading ratio. 

24. A layout between the storage silo to the feed hopper asswne a 50 feet of horizontal length from the storage 
silo solids feed-in if confirmed to be above 30D pipeline length criteria, followed by a 30-feet vertical 
elevation, and then a 50-feet horizontal pipeline. These length are overestimated that produce a conservative 
pressure drop estimation for the frictional losses between the conveying gas and the pipe wall. 

25. A total of five 90-deg bends in the pipeline layout is asswned to provide a conservative equivalent length 
pressure drop. Also a distance of 20 pipe diameters (20D) in the pipeline is allowed between the bends to 
facilitate re-acceleration of the solids, and plugging vulnerability by loss of solids velocity. 

26. A slip ratio of 0.8 (velocity of solids/ velocity of gas) is used. The slip ratio ranges from 0.5 to 0.9. Heavier 
coarse particles (e.g., gravel or plastic pellets) have a slip ratio closer to 0.5, while lighter, finer powder (e.g. 
talc) have a value closer to 0.9. 

27. A positive pressure conveying system using ambient air is considered. The mode of transporting the powder 
is assumed to be a dilute-phase conveying mode by maintaining sufficient air stream velocity at low powder 
to air ratio at a velocity greater than the saltation gas velocities, where suspended particles begin to drop out 
and settle in a layer on the bottom of the pipeline. 

28. A minimwn velocity (Vrnin) or pickup velocity of70 ftls (in high range of velocity limit), for the air to convey 

the chy Petroset-H powder in suspension flow without saltation in a dilute-phase conveying is asswned for 
pre-conceptual estimates. A typical fine powder may need a gas velocity of 40-60 ftls (Troubleshoot and 
Solve Pneumatic Conveying Problems). Assume future pilot testing of Petroset-H addresses the input data 
to specify the appropriate minimwn velocity. 

29. The solids friction factor of As=0.02 for the chy Petroset-H, which is typical for fine solids, and the pnewnatic 

conveying pipeline absolute roughness Eabs= 0.0005 ft, which is typical for a smooth-bore steel pipeline is 

assumed. 
30. The pneumatic conveying pipeline layout from the storage silo to the feed hopper assumes only horizontal 

and vertical runs connected with bends. The layout avoids inclined lines. 
31. All the pipeline components (e.g. bends/elbows) have the same internal diameters as the conveying line to 

avoid formation of lips and ledges. 

Assumption Calculation Constants: 

Residence Time For SBS Condensate Feed before Downstream WFE Concentration 

Residence Time for Feed Process Control Sample Analysis: Day 

Storage Hold Time before Transfer for the WFE Concentrate Or WFE Condensate Storage Tanks: 

Hold time before Transfer: 

Design Margin of Tank Volume Filled by Feed: 

Tank Height to Diameter Aspect Ratio: 

4.0 Method of Analysis 

tHoldMax :~ 7 day 

FillDM :~ 0.8 

AR:~ I Dimensionless 

The Altemative-2 configuration and sampling schematic is shown in Figure 1. A preliminary vessel sizing is 
performed to estimate the volume constraint (minimum volume for feed tank, and maximwn volwne for downstream 
storage tanks) when 80010 full. The calculation uses a residence time of 0.4 days for PcS monitoring and the input 
rate of 7 500 gallons per operating day at peak generation to estimate a minimwn feed tank size, since the feed 
vessel functions as an interim vessel before concentration. The volumetric flow rate for the WFE condensate 
and \VFE concentrate, docwnented in SVF -2440, and seven days of storage are used to calculate the maximum 
storage required in this case. 
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In the second phase of vessel sizing, the calculated maximwn storage capacity for the \VFE condensate and 
concentrate storage tanks are applied as the basis to estimate a reduced storage tank volume, when it is asswned 
a combination of the ISO tanks and reduced storage tanks satisfy the seven days storage criteria. An additional 
third Feed tank is included to be used in the blending of off-normal downstream \VFE concentrate with the feed 
batches. The vessel sizing and facility layout was fwther simplified by asswning an identical vessel size for all 
seven tanks used in the Altemative-2 configuration. Furthennore, the complexity associated with sorting ISO 
tanks allocated for liquid storage by WFE condensate or \VFE concentrate streams is decreased, when the 
selected tank size is conservatively based on the initial WFE concentrate storage capacity that is equivalent to 
the capacity in illilts of ISO tanks. The reduced tank sizing is not constrained by the feed tank volume since the 
residence time for the feed tanks is less than one day as compared to seven day of storage for WFE condensate 
and WFE concentrate. 

The Wiped Film evaporator is sized to meet the design WFE condensate rate at 4.05 gpm. The calculation 
described below uses the experimental WFE condensate production flux provided by a 50 square feet heat 
transfer area (RPP-RPT -47433). The WFE scale up is simplified by assuming the overall heat transfer coefficient 
for the Alternative-2 WFE to be the same as the tested system without postulating a scaling factor for the overall 
heat transfer. The calculation assume WFE units of 50 square feet heat transfer area that are identical to the 
tested WFE to operate in parallel configuration in meeting the design condensate production rate. 

The system heat exchanger area size is based on the calculated heat removal rate to generate WFE water 
condensate from the WFE overhead vapor. The heat exchanger area is calculated using an overall heat transfer 
coefficient based on the service value of stainless for a steel shell and tube heat exchanger. A cOlllltercWTent 
flow heat exchanger is assumed when applying LMTD as the mean temperature difference in heat exchanger 
design equation. 

The mixer is sized to hold sufficient material to produce a single container in one pour. The number of mixers 
required is based on an estimate of the mixer cycle time. 

A total pressure drop for the pneumatic conveying system must be estimated in order to properly select a gas 
motive force. The major forces involved in the pneumatic conveying of bulk solids in a gas stream are: friction 
between flowing solids or gas and the pipeline wall; the force required to move gas through vertical pipeline 
sections; and the force required to lift solids through vertical pipeline sections or to accelerate solids from the 
feed-point velocity to the conveying velocity. 

Petroset-H is used as the chy powder solidification agent. The storage silo is sized to store a truck load of 
Petroset-H. The feed hopper is sized to hold the capacity of the Petroset-H daily mixing use. Both silo and 
hopper are shaped as a cylindrical top and a lower conical geometry operating in a mass flow pattern. Each 
siloihopper volume equation is based on a cylindrical section and a conical section. The volume equation is 
simplified in terms of the each siloihopper cylindrical section diameter and height, and a half-angle of the conical 
section (form vertical ). 

Alternative-3 Tank Storage Sizing (duplicated from AEM-WRPS-2012-CN-013): 

For all three staging operations a two tank storage configuration is used. The two storage tank system is 
arranged such that one tank is always available to receive a liquid stream without stopping the upstream 
production flow. Each tank volume is sized using a design margin of 80% fill capacity. A preliminary sizing 
calculation for: a) Feed, b) WFE condensate, and c) WFE concentrate storage (see Figure 1) is based on the 
assumed throughput and the storage time to establish the design based storage capacities requirement. The PcS 
sampling is assumed to not be a holding point to alternate between the tanks for the feed tanks. 

The tank storage capacities are then modified to reach a storage volume applicable for all three staging operations 
by incorporating the use of the ISO containers at each stage with the storage vessels in a two tank storage system 
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that meet the initially calculated capacities. An additional third Feed tank is included to be used in blending of 
off-normal downstream \VFE concentrate with the feed batches. 

Alternative -3 Preliminary Feed Tank Sizing 

The output flow rate from the Feed vessel,"Stream 2 \VFE Feed" in the Eqpt DesignAlt-2 worksheet, which is the 
WTP vessel RLD-VSL-00005 condensate and the PeS sampling residence time for the Feed process control is 
used. The Feed process control sampling assume a 0.4 day turn arOlllld. 

Feed Output Volumetric Flow Rate to the WFE: QFeedoutGPM:~ QFeedinGPM 

QFeedoutGPM ~ 5.208 gpm 

QFeedGPH ~ 312.5 GPH 

Residence Time for Feed Process Control Sample Analysis: Day 

tPcSHR ~ 9.6 hr 

The minimwn capacity for the Feed tank is to hold 9.6 hours of material. 

Minimwn Feed Volume per Storage Tank: 

VFeed ~ 3000 gal Feed! Storage Tank 

Design Margin of Tank Volume Filled by Liquid: FillDM ~ 0.8 

Minimwn Tank Volume at 80010 Storage Capacity for Feed Storage: 
VFeed 

V .. ~--
FeedSlZe· FillDM 

VFeedSize ~ 3750 gallon Size Capacity/ Storage Tank 

or 

VFeedSizeft3 :~ 
VFeedSize 

7.4805 
VFeedSizeft3 ~ 501 ft3 Size Capacity/ Storage Tank 

Alternative -3 Preliminary WFE Condensate Storage Tank Sizing 

The vapor stream leaving the WFE flows into a condenser and the WFE condensate is collected in a WFE 
condensate storage vessel. The WFE condensate storage vessels are sized to meet a) \VFE condensate 
production rate of 4.05 gpm described in Section 2.0 for the "Stream 8 \VFE Condensate", and b) hold seven days 
of condensate storage. The assumed two days holding point analysis turnaround for the RC sampling is implicitly 
accounted in allow holding time. 

Stream 8 WFE Condensate Volumetric Rate All WFE modules: 

QStream8 :~ 4.05 gpm 

File: AEM-WRPS-20l2-CN-014 Rev O.xmcd 

C-12 



RPP-RPT-52796, Rev. 0 

A E M Consulting, LLC. Calculation SetNo.AEM-WRPS-20l2-CN-014 Rev No. 0 Sheet 12 of 34 

3 
QStream8.Day ~ 5.832 x 10 gal! day 

In a Two Tank \VFE Condensate storage, a WFE condensate tank is always available to receive \VFE 
condensate stream from the WFE vapor condensation without stopping the upstream \VFE condensate 
production flow. 

Nwnber of"WFE Condensate Storage Tanks: N2T.Cond :~ 2 Tanks Configuration 

Hold Time before Transfer from Two Tank WFE Condensate 
Storage System: 

\VFE Condensate Volume per Storage Tank: 

(7 days) 

V2T.Cond ~ 40824 gal WFE Condensate/ Storage Tank 

Design Margin of Tank Volume Filled by Liquid: FillDM ~ 0.8 

Tank Volume to Meet the Design Criteria and 80010 Storage Capacity: V2T.Cond.Size :~ 

or 

V2T.Cond.Size ~ 51030 

V2T.Cond.ft3 :~ 
V2T.Cond.Size 

7.4805 

gallon Size Capacity/ \VFE Condensate Storage Tank 

V2T.CondJt3 ~ 6822 ft3 Size Capacity/ Storage Tank 

Alternative -3 Preliminary WFE Concentrate Storage Tank Sizing 

The \VFE concentrate storage vessel system is sized to meet: a) \VFF concentrate production rate of 1.16 gpm 
described in Section 2.0 for the "Stream 3 \VFE Concentrate", and b) the seven days of storage time. 

Stream 3 WFE Concentrate Volwnetric Rate from All WFE modules: 

Stream 3 WFE Concentrate V olwnetric Rate: 

Nwnber of\VFE Concentrate Storage Tanks: 
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Hold Time before Transfer from Two Tank WFE 
Concentrate Storage System: 

\VFE Concentrate Vohnne per Storage Tank: 

Design Margin of Tank Volume Filled by Liquid: 

V2T.Conc ~ 11693 

FillDM ~ 0.8 

days 

gal WFE Concentrate/ Storage Tank 

Tank Volume to Meet the Design Criteria and 80010 Storage 
Capacity: 

V 2T. Conc. Size := 

V2T.Conc.Size ~ 14616 gallon Size Capacity/ \VFE Concentrate Storage Tank 

or 

V2T.ConcJt3 :~ 
V 2T. Conc. Size 

7.4805 
V2T.ConcJt3 ~ 1954 ft3 Size Capacity/ Storage Tank 

Reduced Size Based on Allocating Storage to ISO Tanks: 

The \VFE concentrate tanks are sized for seven days of holding are used as common tank size that can be 
supplemented by ISO tanks in different application. The tank storage capacity and volume calculations can be 
modified for all three staging operations when it is assumed a combination of the ISO tanks and storage tanks are 
available to satisfy the seven days storage criteria. An additional Feed tank is included for blending off-normal 
downstream \VFE concentrate feed batches if needed. The vessel sizing and facility layout was fw1:her simplified 
by assuming an identical vessel size for all seven tanks used in the Altemative-2 configuration. Fw1:hermore, the 
complexity associated with sorting ISO tanks allocated for liquid storage by \VFE condensate or WFE 
concentrate streams is decreased, when the tank size selection is conservatively based on the initial WFE 
concentrate storage capacity that is equivalent to the capacity in llllits of ISO tanks. The reduced tank sizing is 
not constrained by the feed tank volume since the residence time for the feed tanks is less than one day as 
compared to seven day of storage for \VFE condensate and \VFE concentrate. 

The remaining volume ofWFE condensate is allocated to ISO tanks. It is assumed that a modified \VFE 
condensate tank is filled to capacity and an RC sample is taken. Then the tank content is transferred to ISO tanks 
for storage while analysis is performed. 

The tank capacity is assumed to be used for the three feed and blending tanks that satisfy the tanks capacity 
above needed residence time. If needed, the full content of an off-normal WFE concentrate can be rerouted and 
blended with fresh SBS feed condensate. 

Assume Using the Preliminary Storage Volume for \VFE Concentrate as Basis in Reduced Storage Tank Volumes 
per Seven Days of Storage: 

\VFE Concentrate Volume per Storage 
Tank: 

Volume of anI SO Tank: 
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Equivalent Number of ISO Tanks for WFE Concentrate Volume: 

V2T.Conc 
NumISOTankEQ :~ 

VISO.Tank 

Sheet 14 of 34 

NumISOTankEQ ~ 2.34 Number ofISO Tanks for balance SBS condensate 

Rounding Up to NextInteger for Number ofISO Tanks 

RoundNumISOTankEQ :~ (round(NumISOTankEQ)) + 1 

RoundNumISOTankEQ ~ 3 

The Rounded Up Number ofISO tanks is Used For Each Modified Storage Capacity In a Two Tank Storage 
Configuration for All Processing Stages: 

Using the Preliminary \VFE Concentrate Storage: 

Modified Volume per Storage Tank: 

V 2TModified ~ 15000 

Design Margin of Tank Volume Filled by Liquid: FillDM ~ 0.8 

Modified Tank Volume at 80"10 Storage Capacity: V 2TModifiedSize :~ 

gal Capacity/ Storage Tank 

V 2TModified 

FillDM 

V2TModifiedSize ~ 18750 gallon Size Capacity/ Storage Tank 

or 

V 2TModifiedft3 :~ 
V 2TModifiedSize 

7.4805 

V 2TModifiedft3 ~ 2507 ft3 Size Capacity/ Storage Tank 

Using a 1: 1 aspect ratio for tank diameter and height, each storage tank dimensions become: 

Tank Height to Diameter Aspect Ratio: AR~ 1 

Storage Tank: Reduced Diameter: 

3 

[

V2TModifiedft3] 
D2TModified :~ ( ~ )AR 

D2TModified ~ 14.7 ft 
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Storage Tank Reduced Height: 

H2TModified ~ 14.7 ft 

Remaining Volume of\VFE condensate allocated to ISO Tanks: 

V2T.CondNeed:~ V2T.Cond - V2TModified 

V 2T. CondN eed ~ 25824 gal WFE Condensate/ Storage Tank 

Number of ISO Tanks Needed to Add to the Modified Tank Storage for WFE Condensate Storage: 

NISOTankNeed :~ 
V2T.CondNeed 

VISO.Tank 

Sheet 15 of 34 

NISOTankNeed ~ 5.2 Number ofISO Tanks for balance volume ofWFE 
condensate/Storage Tank 

Rounding Up to Next Integer for Number ofISO Tanks Used for 7 Days of SBS Condensate Storage per Reduced 
Storage Tank. 

RoundNISOTankNeed:~ (round(NISOTankNeed)) + I 

RoundNISOTankNeed ~ 6 ISO tanks/ Reduced Storage Tank 

An additional 6- ISO tanks (rounded up) per each WFE condensate storage tank, or a total of 11- ISO tanks are 
needed to meet the storage required for the WFE Condensate. 

Number ofISO Tanks (Rounded) Used for 7 Days of SBS Condensate Storage per Reduced Two Storage Tank 
approximately for ETF Transportation. 

NISOTankFull:~ NISOTankNeed·N2T.Cond ISO tanks/Reduced Two Storage Tank Configuration 

RoundNISOTankFull :~ (round(NISOTankFuU)) + I 

RoundNISOTankFull ~ II ISO tanks (Rounded up)/Reduced Two Storage Tank Configuration 

Alternative-3 Wiped Film Evaporator Sizing (duplicated from AEM-WRPS-2012-CN-013): 

The Wiped Fihn evaporator (WFE) is sized to meet the WFE condensate rate of 4.05 gpm described in Section 
2.0 for the "Stream 8 WFE Condensate". The sizing calculation is based on the \VFE testing conducted using 
AN-l 05 liquid simulant documented in RPP-RPT -47443, Wiped Film Evaporator Full- Scale Demonstration 
System TestReport. Rev o. The results for the WFE averaged condensate production rate listed in Table 6-1 of 
RPP-RPT-47443, and shown in Table 1 are used to determine the experimental condensate flux. The testing used 
an Artisan Rototherm horizontal thin fihn evaporator providing 50 square feet heat transfer area. To simplify 
WFE scale up, modules of Artisan Rototherm horizontal thin fihn evaporator containing 50 square feet heat 
transfer area are assumed to be used in parallel configuration for sizing the Altemative-2 \VFE. In this approach 
the WFE overall heat transfer coefficient ,U, is maintained constant and the resistances to the flow of heat from 
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the heating medium to the product affecting the U determination (resistance of the inner product film, inner 
fouling factor, the metal wall of the evaporator vessel, the outer fouling factor and the outer heating medium 
fihn) are not changed and thereby no additional scaling factor to determined a scaled U is required in sizing the 
WFR 

The averaged condensate rate shown in Table 1 are ranges between 2.071 gaVrnin to 2.599 gaVrnin. By using the 
minimwn condensate production rate 0£2.071 gaVrnin shown as the test run number 1 in Table 1, the largest heat 
exchange surface area to meet the WFE design throughput is calculated. 

Using minimum averaged condensate production rate at 2.071 gaVrnin aftest run 1 Table 1: 

Heat Transfer Surface Area of Artisan Rototherrn Horizontal Thin Film Evap:)fator used in 
Testing: 

Minimwn Averaged "WFE Condensate Volwnetric Rate: 

Minimwn WFE Condensate Volwnetric Flux: 

ARototherrn :~ 50 
2 

ft Heat exchange area 

qWFRcond.min :~ 2.071 gpm 

qWFRcond.min 
FluxWFRcond.min :~ -...:..==== 

ARotothenn 

-2 
FluxWFRcond.min ~ 4.142 x 10 gpm/ fl2 

Stream 8 WFE Condensate Volumetric Rate (see Section 2.0): QStream8 ~ 4.05 gpm 

Required "WFE Heating Surface Area for Minimwn Condensate Rate: 
QStream8 

'\eql.WFE:~ -----­
Flux"WFE.cond.min 

Required Nwnber of Artisan Rotothenn Evaporators; 

'\eqlWFE ~ 97.8 ft2 

'\eql.WFE 
NWFE :~ ---'---

ARotothenn 

NWFE ~ 1.96 WFE Units 

RouudNWFE:~ rouud(NWFE) 

WFE Units (Rouuded) 

The calculated WFE heat transfer surface area indicate 97.8 square feet of evaporation is required to produce 4.05 
gpm of WFE condensate. Therefore two-50 square feet of Artisan Rotothenn evaporator llllits operating in parallel 
are needed to meet the design "WFE condensate throughput. 

Alternative 3 - Heat Exchanger Sizing (duplicated from AEM-WRPS-2012-CN-013): 

The heat exchanger design equation is used to calculate the heat transfer surface area to condense the overhead 
"WFE water vapor at 125 OF to liquid water at 82 OF at an overall heat transfer rate of 2,157,269.1 BTUIhr across the 
heat exchanger operating in cOlllltercurrent flow. As described in section 2.0 the overall heat transfer rate is 
calculated for "Stream 1 0 Cooling Water Supply" of SVF -2440 Eqpt Design Alt-2 worksheet. A cOlllltercurrent flow 
heat exchanger is selected for applying LMTD as the mean temperature difference in heat exchanger design 
equation. The heat exchanger is asswned to be a shell and tube exchanger. Initially an overall heat exchanger area 
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is calculated. Then, since each \VFE unit is configured to operate with a heat exchanger in series, the combination 
of each of the two -WFE lUlit and heat exchanger- modules operating in parallel produce the design WFE 
condensate rate and the heat transfer rate (of 2,157,269.1 BTUIhr). 

An estimate of the nwnber of heat exchanger tubes, etc. outlining a detailed heat exchanger design layout is 
differed to ore detailed studies. 

Overall Heat Transfer Rate Across the Heat Exchanger: QHeatStreamlO ~ 2157269.1 BTUIhr 

Overall Heat Transfer Coefficient Using a Service value for Stainless Steel 316 L Shell and Tube Heat Exchanger 

UService ~ 105.56 BTU I hr ft2 OF 

Input WFE Vapor Temperature: 

Output WFE Condensate Temperature: 

Input Cooling Water Temperature: till = 77 

Input Cooling Water Temperature: t"2 = 87 

Countercurrent flow, Perry Eqnl O-118a, 6th edition: 

"TIm ~ 16.27 OF 

QHeat Stream 1 0 
Total Heat Transfer Area: AHeat. Transfer := 

UService"nTlm 

AHeat Transfer ~ 1256 

Heat Transfer Area per WFE and Heat Exchanger Module: ~r.Module := RoundNWFE 

AHeat.Transfer 

2 
"Per.Module ~ 628 ft I Module of WFE and Heat Exchanger 

Alternative 3- Concentrate Solidification System: 

A closer view of the Altemative-3 solidification system consisting of a pneumatic conveying system, storage silo, 
feed hopper, mixer (a Ribbon Blender) is shown in Figure 3. The storage silo is located in a separate room. The 
chy Petroset-H is pneumatically transferred to the feed hopper located above the mixer. The Petroset-H is added 
to the mixer in batches and the \VFE concentrate is then sprayed on and mixed. The mixture is gravity poured into 
soft sided containers (supersacks) and shipped for offsite disposal. 
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Assuming the Container Fill Volume of 80%: SO 
VolsackSO"Io :~ V olsack 100 

VolsackSO"Io ~ lOS ft3 

Sheet 19 of 34 

VolsackgaLSO"Io ~ SOS gallon 

Mass Balance" Stream 1 7 Solidified Concentrate" Input: 

PStream17 :~ 11.73 lb I gal 

Check if the Solidified Concentrate Weight at 80% Fill volume is below the Container Weight Limit: 

MsackSO"Io :~ PStreaml r VolsackgaLSO% 

MsackSO"Io ~ 9477 lbs 

Each container filled up to 80% volume is within the weight limit. 

Therefore 808 gallons of the solidified concentrate is prepared and gravity poured into a container. 

Ribbon Blender Size at SO% Fill Capacity: RBlender Size := 
V olsackgaLSO% 

FillDM· 7 4S05 
FillDM ~ O.S 

RBlender Size ~ 135 ft3 Full Capacity (equal to 5 yd3) 

or 

RBlender Size.gal :~ RBlender Size· 7 4S05 

RBlenderSize.gal ~ 1010 gallon Full capacity 

The result indicate a Horizontal Ribbon Blender with calculated full capacity of 135 ft3 or 1010 gallon that is 
commercially available in the estimated size will meet the mixing operation requirement. 

Solidified Concentrate Volumetric Flow Rate: QStream17.Day:~ QStream17.GPM· 60·24 

QStream17.GPM ~ 1.56 gpm 

VolsackgaLSO"Io ~ SOS gallon 

3 
QStream17.Day ~ 2.246 x 10 

Number of Containers Filled to Satisfy Daily Solidification Rate 

QStream 17 .Day 
NsackStreaml7.Day :~ 

VolsackgaLSO"Io 

gal Solidified Concentrate/ 
day 

NsackStreaml7.Day ~ 2.S Container of Solidified ConcentratelDay 

The result indicates approximately three container of solidified concentrate are generated per day 
using one horizontal ribbon blender. 
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Alternative 3- Storage Silo and Feed Hopper Sizing: 

Petroset-H is used as the chy JXlwder solidification agent for mixing and solidification. It is assumed to be 
delivered in bulk truck loads of approximately 42,000 pollllds at the WTB facility. The storage silo is sized to store 
a truck load of Petro set-H. The feed hopper is sized to hold the capacity of the Petroset-H daily mixing use. As 
calculated approximately 3 sacks of solidified \VFE concentrate is produced per day in a batch mixing operation. 
Based on the SVF -2440 Eqpt DesignAlt-3 mass balance worksheet the chy Petroset-H, "Stream 16 Solidification 
Agent Supply" at a volumetric flow rate of 1.10 gpm is mixed with the \VFE concentrate, "Stream 3 \VFE 
Concentrate" at a volumetric flow rate of 1.16 gpm. 

Mass Balance" Stream 16 Solidification Agent Supply" Input for Petroset-H dry powder: 

QStream16:~ 1.10 gpm 

PStream16 :~ 7.35 lb /gal Petroset-H bulk deusity 

Calculated Volume ofPetroset-H per Day Stored in Feed Hopper: 

or 

3 
QStream16.Day ~ 1.584 x 10 gaV day 

MStream16.Day:~ QStream16.Day·PStream16 

4 
M Stream 16.Day ~ 1.164 x 10 lb /day 

Feed Hopper Volume at 80% Fill Capacity for Daily Petroset-H Powder Storage: 

FillDM ~ 0.8 
FeedHopperYol :~ 

QStream16.Day 

FillDM· 7.4805 

2 
FeedHopperYol ~ 2.647 x 10 

3 
ft . Hopper Storage Volume per Day use 

Petroset-H Powder Bulk Volume per Truck Load Delivery: 

PStream16 ~ 7.35 lb /gal bulk deusity PetHTruckLoad :~ 42000 lbs 

PetHTruckLoad 

Petroset-H Truck Load Supply Rate: 

PetHTruckYol :~ 
PStream16 

3 
PetHTruckYol ~ 5.714 x 10 

PetHTruckYol 
PetHTruckUse :~ 

QStream l6.Day 
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PetHTruckUse ~ 3.61 Days Petroset-H Supply I Truck 
load 

Storage Silo Volume at 80010 Fill Capacity for Petroset-H Powder Storage per Truck Load Delivery: 

FillDM ~ 0.8 PetHTruckYol 
StorageSiloYol:~ -----­

FillDM· 74805 

StorageSiloYol ~ 955 ft3 Storage Silo Volume at ~ 3.6 days of Storage 

Feed HODDer and Storage Silo Dimensions: 

Both silo and hopper are shaped as a cylindrical top and a lower conical geometry operating in a mass flow 
pattern. In a mass flow mode all of the material in the hopper/silo is in motion during discharge, with particles 
sliding along the hopper wall. Mass flow occurs when sloping hopper walls are smooth (low enough friction) and 
steep enough for particles to slide along them. 

To estimate a silo/hopper cross section and height dimension, each silo/hopper stored volwne is illustrated III 

Figure 4. 

V Total := V cylinder + V conical. section 

2 
1t. D outlet . houtlet (Equation 1) 

The estimates assume, the volume of space between the 
hopper bottom opening outlet and the vertex of the conical 
section is negligible. Then the Equation 1 is simplified to: 

12 

From Figure 5, the cone height, 11, is defined in terms of cylinder diameter, 
and the half-angle of the conical section, defined as hopper angle, 8c : 

hcone := 
DCylinder 

Han(8 c) 
(Equation 3) 

The Equation 3 is substituted in Equation 2. The storage volwne 
equation is then solved for the diameter and height of cylindrical 
section, the hopper angle,8c , and the total volume of the hopper 
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shown in Equation 4 

D 

Hcylinder 
4 

----'--C
2 

VTotal -
DCylinder 

6tan( ec) 
(Equation 4) ----i.-----

11 DCylinder 

The mass-flow siloihoppers are designed with a h eight 
(cylindri cal/parall e1 secti on) betwe en on e an d 4 tim es the di am ete r. 
DCylinder " HCyliffier " 4D'ylirrler . as outlined in Bulk Solids Handling: 

An Introduction ID Practice and Technology. 
Fililure 5 Conical Geometry 

To detennine the hopper angle. eo. (m easured from vertical) in amass flow hopper. the friction term defined as the 

angle of wall friction.<j>'. between the bulkPetroset-Hpowder and the hopper sulface need to be m easured It 
r epresent the flow prop erti es of a powder along the hopper wall as a r esult of friction between the bulk solid and 
the hopper wall sulface The angle of w all friction. 1>' is obtain ed by m ethod described in ASTM D-6128. 
Standard Te st M~thodjor Shear Testing oj Bulk Solids using the Jenia Shear Cdl Using the m easured 1>'. 
then the hoppe r angle .e,. that fall in the mass flow region i s obtained from the design chart shown in Figure 1 2 

for coni cal hopp ers. In th e abs ence of data ab out angl e of wall fri ction for Petro set -H an d a given hopp er wall 
sulface. a typical wall friction angle of approximately 28° for clay r eported in Flow Property Measurement Using 
th~ Jenia Sh ear Cdljor 7 Different Bulk Solids is assumed for th e pre-conceptual sizing . From the design 
chart (s ee Figure 6). the combin ati on of 1>' at 28°. and e, at 20° falls within the mass-flow region. Then. the hopper 

angle (from vertical).e,is us ed to estimate the cylinder height (Equation 4). the cone height (Equati on 3). and the 

ov erall hopp er h eight (Height cy1irrler + Heigh~onJ 

8 

40' 

30' 

~ ' 
20' 

Mass 
low Uncerlain 

W 

0' 

0' W 20' 30' 4O' SO' 

8 , 
FiWIre 6 Design Chart F or Setting Conical H opper Angl es for Mass Flow (Figure 10-SoI", Solids Handling 

Problems by Retrofitting) 

The VITB design assumes the feed hopper and the storage silo are located inside the building and thereby 
consi derations are made to maintain the ov erall hopp er height r eas onable 
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Using the Hopper Augle (from vertical),8" at 20° for both the Feed Hopper aud the Storage Silo: 

Feed Hopper Dimensions: 

Feed Hopper Volume: FeedHopperYol ~ 265 

Hopper Augle (from vertical),8, 

Select a Cylinder Diameter for the Feed Hopper: DFHcylinder:~ 5.5 ft 

Solve for Height of cylindrical and conical sections: 

Cylindrical Section: 
4 

HFHcylinder:~ ---"'---2 . FeedHopperYol -

1t. DFHcy linder 

~Hcylinder 

6.toJ8 .~) =\ c 180 

HFHcylinder ~ 8.6 ft 

Conical Section: 
DFHcy linder 

hFHcone := 

HoJ8 .~) =\ c 180 

hFHcone ~ 7.56 ft 

Cylinder Section- height to diameter ratio: 
If Dcylinder < Hcylinder < 4Dcylinder is not within, then 
re-enter a new cylinder diameter 

Overall Feed Hopper Height: 

Storage Silo Dimensions: 

Storage Silo Volwne: 

Hopper Augle (from vertical),8, 

Select a Cylinder Diameter for the Storage Silo: 

Solve for Height of cylindrical and conical sections: 

Rati°FH :~ 
HFHcy linder 

~Hcylinder 

Rati0FH ~ 1. 6 

HFHOverall :~ HFHcylinder + hFHcone 

HFHOverall ~ 16.2 ft 

StorageSiloy 01 ~ 955 

degree 

DSScylinder:~ 8.2 ft 

Cylindrical Section: 
4 

HSScylinder:~ ---"'---2 .StorageSiloYol -
DSScylinder 

1t. DS Scylinder 

HSScylinder ~ 14.3 ft 
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Conical Section: hSScone := 
DSScylinder 

HoJ8 .~) =\ c 180 

hSScone ~ 11.26 ft 

Cylinder Section- height to diameter ratio: 
HSScylinder 

RatioSS :~ --'===::. 
If Dcylinder< Hcylinder < 4Dcylinder is not within, then 
re-enter a new cylinder diameter 

Overall Storage Silo Height: 

Mixer, Storage Silo and Feed HORPer Summary: 

DSScylinder 

RatioSS ~ 1.7 

HSSOverall :~ HSScylinder + hSScone 

HSSOverall ~ 25.6 ft 

Horizontal Ribbon Blender: RBlenderSize ~ 135 ft3 Full Capacity (equal to 5 yd3) 

or 

RBlenderSize.gal ~ 1010 gallon Full capacity 

Approximately three container of solidified concentrate are generated per day. 
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Feed Hopper: FeedHopperVol ~ 265 
3 

ft Feed Hopper Storage Volume per Day use 

Hopper Angle (from vertical), 8, 8 c ~ 20 degree 

DFHcylinder ~ 5.5 ft 

HFHcylinder ~ 8.6 ft 

hFHcone ~ 7.56 ft 

HFHOverall ~ 16.2 ft 

Storage Silo: StorageSilov 01 ~ 955 ft3 Storage Silo Volume at ~ 3.6 days of Storage 

Hopper Angle (from vertical), 8, degree 

DSScylinder ~ 8.2 ft 

HSScylinder ~ 14.3 ft 

hSScone ~ 11.26 ft 

HSSOverall ~ 25.6 ft 

Daily mass ofPetroset-H to be transferred from the storage silo to the feed hopper. 
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MStreaml6.Day ~ 11642 lb /day 

Alternative 3- Pneumatic Conveying System Sizing: 

A pnewnatic conveying system consists of four components-- the gas mover, the solids feeder, the pipeline and 
the separator for removing solids from the gas. The calculation below is focused on system pipeline layout and 
the selection of the gas mover to provide the required gas flow rate for transporting solids at the proper velocity 
and pressure. A total pressure drop of the pnewnatic conveying system need to be estimated in order to properly 
select the gas mover. The major forces involved in the pnewnatic conveying of bulk solids in a gas stream are: 
friction between flowing solids or gas and the pipeline wall; the force required to move gas through vertical 
pipeline sections; and the force required to lift solids through vertical pipeline sections or to accelerate solids from 
the feed-point velocity to the conveying velocity. 

The chy Petroset-H is pneumatically transferred from the storage silo to the feed hopper located above the mixer. 
It is assumed the feed hopper is filled daily. A mass of 11 ,6421bs ofPetroset-H, as calculated in the previous 
section is transferred to the feed hopper per day. The conveying system is assumed to be sized that the transfer 
ofPetroset-H from the storage silo to the feed hopper can be completed within 1 to 2 hours daily to support 
producing the calculated 3 batches of mixing per day. Thus, it is assumed the conveying system to transport 
10.000 lblhr ofPetroset-H from the storage silo to the feed hopper. 

Mass Flow Rate of Solids Transported Pneumatically from the Storage Silo to the Feed Hopper: 

Ms:~ 10000 

Transfer Duration: 

lblhr 

MStreaml6.Day 
tTransfer := 

Ms 

tTrausfer ~ 1.16 hr daily 

tTransfer.min:= tTransfer"60 

tTransfer.min = 70 Minutes 

It takes approximately 70 minutes to transfer the daily load ofPetoset-H from the storage silo to the feed hopper, 
thereby the assumption of 1 0,000 lblhr is considered reasonable. 

As described in sections 2.0 and 3.0, the chy Petroset-H is assumed to be transported by a positive pressure 
conveying system using ambient air in a dilute-phase conveying arrangement. Under this condition sufficient air 
stream velocity at low powder to air ratio is maintained that is greater than the saltation and choking gas velocities. 
The pipeline layout from the storage silo to the feed hopper assumes only horizontal and vertical runs and 
avoiding inclined lines. In addition: 
1) a pipeline length of at least 30D (30 pipe diameters) after the solids in-feed point of the storage silo is assumed 
to allow particles to accelerate to the gas conveying velocity, 
2) A length of at least 20D (30 pipe diameters) between bends are allowed to facilitate re-acceleration of the 
solids, aud 
3) all the pipeline components (e.g. elbows) have the same internal diameter to avoid formation of lips and edges. 
4) A total of five 90-deg bends in the pipeline layout is assumed to provide a conservative equivalent length 
pressure drop 

A layout between the storage silo to the feed hopper asswnes a 50 feet of horizontal length from the storage silo 
solids feed-in if confinned to be above 30D pipeline length criteria, followed by a 30-feet vertical elevation, and 
then a 50-feet horizontal pipeline. 
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Mass Flow Rate ofPetroset-H Transported Pneumatically: 

The conveying requirements of system are assumed to be: 

Minimwn Conveying Velocity: 
or 

V min:~ 70 ftls 

V minHr :~ V min· 3600 

5 
V minHr ~ 2.52 x 10 ftihr 

lblhr 
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Minimwn conveying gas velocity of 70 [tis is chosen for many powders and granular solids in a dilute-phase mode. 

The Solids Friction Factor: AS := 0.02 dimensionless 

The Solids Loading Ratio: ~ := 7 dimensionless 

The Absolute Roughness of the Pipeline: 
cabs:~ 0.0005 ft (for smooth-bore steel pipeline) 

Assuming Conveying gas is at 70 F air and the bulk gas density is 

Ambient Air Conveying Gas at 70 F and Bulk Air Density: 

Atmospheric Pressure: Palrn:~ 14.7 pSI 

Dynamic Air Viscosity: 

Air Mass Flow Rate: 

fLg:~ 0.000012 lbn/ft-s 

3 
Mg ~ 1 A29 x 10 lblhr 

Mg 
M .. ~­

g.mmutes . 60 

1 
Mg.minutes ~ 2.381 x 10 

Pipe Diameter Using Minimwn Conveying Velocity: 

D ~ 0.31 

Or 

Dinch ~ 3.72 

lb/min 

ftLD. 

in. LD. 

Using a 3.5 in. SchAO pipe with and ID-3.548 in. At this smaller ID, the velocity will be slightly higher based on 
the ratio of the diameters squared. Recalculate the gas velocity based on the square of the ratio of the diameters 
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DSch40 :~ 3.548 m 

3.548 
D .~--

ID' 12 
- 1 

DID ~ 2.957 x 10 ft 
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Corrected Air Velocity 1 
Vg ~ 7.706 x 10 ftls 

Reynolds Number: 

5 
Re ~ 1.424 x 10 

The Friction Factor from the Moody Diagram (Fluid Mechanics, page 313) is: fg:~ 0.023 

Minimwn Required Length from the Solids feed-in Storage Silo: Lfeedmin:~ 30· D 

Lfeedmin ~ 9.3 ft 

Therefore it is conservative to asswne a length of 30 ft from the storage silo to the first 9O-deg bend 

Asswned Length from the Solids feed-in Storage Silo: LF eed:~ 50 ft 

Asswned Vertical Pipeline Length: LVertical :~ 30 ft 

Asswned Horizontal Length to the Feed Hopper: LReceiver:= 50 ft 

Number of 9O-deg bends Nbend:~ 5 

Equivalent Length of Elbow Leq.elbow :~ 30.D.Nbend 

Leq.elbow ~ 46.5 ft 

Equivalent Length of the System Pipeline: Leq.system := Leq.elbow + LFeed + LVertical + LReceiver 

Leq.system ~ 176.5 ft 

Actual Length of Pipeline, Straight Runs Only: Lact := LFeed + LVertical + LReceiver 

Lact ~ 130 ft 

Pressure Drop by the friction losses between the conveying gas and the pipe wall 

Gravitational Constant: 
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or 

1 
l;Pgf ~ 9.498 x 10 

Asswning a slip ratio of 0.8 for the fine powder: Slip :~ 0.8 

Velocity of Solids: 

l;P gfPsig ~ 0.66 

1 
Vs ~ 6.165 x 10 ftls 

Pressure Drop due to the acceleration of solids from the feed point to the conveying velocity 

Msa:~ ~{::}VSVg 
or 

M saPsig :~ l;P s.0.006944 M saPsig ~ 0.538 

Pressure Drop due to moving solids through pipeline: 

or 

l;P sfPsig ~ 2.956 

Pressure Drop due to lifting solids trough vertical conduits: 

Acceleration By Gravity: gGravity :~ 32.2 ft Is2 

Pg 

or 

l;PslPsig ~ 0.137 

Pressure Drop due to movement of solids through bends: 

2 
Msb ~ 1.524 x 10 

M sbPsig ~ 1.058 
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The Total Pressure Drop Of the System: 

l;PT :~ M gfpsig + l;P saPsig + l;P sfpsig + M slPsig + M sbPsig 

After the total pressure drop is calculated, the air velocity at the solid's feed point needs to be recalculated due to 
the higher pressure 

MT + Palm 
Pg.COIT :~ Pg· 

The higher air density is due to the pressure drop through the system. With the corrected air density, a new air 
velocity is calculated to confirm the new velocity is within the range of pick up velocity for typical solids particles 
at defined pipeline diameter at the feed-in point. 

V g.new ~ 56.5 ftls 

In the absence of data for Petroset-H at the feed-in point, the new air velocity at 56.5 [tis is judged reasonable for 
the pre-conceptual estimation. For example the V min of air for fine powders is reported between 40-60 [tis 

(Troubleshoot and Solve Pneumatic Conveying Problems), 33-36 ftls for cement, and 43-53 ftls for granular 
material (Pickup Velocity for Pnewnatic Conveying). 

The new velocity of 56.5 ftls confirms the initial asswned Vmin of 7 Of tis provided a conservative pressure drop for 
selection of a gas mover using the calculated pipeline diameter. 

The Volwnetric air flow rate: 

ft3/min at 5.35 psig 

Thus a multistage centrifugal blower or a positive-displacement rotary lobe Blower is suitable and a pneumatic 
conveying pipeline diameter (ID) of3.548 inches Schedule 40 is used. 

Sample Load Estimate (duplicated from AEM-WRPS-2012-CN-013): 

Based on the sampling scheme shown on of Figure 1, RC samples are taken at the WTB for the WFE condensate 
and \VFE concentrate. 
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Number ofRC Samples per Year per Modified Two Storage Tank WFE Concentrate Sample: 

QStream3.Dai Days 
RCSample2T:~ ------'---

V 2TModified 

RouudRCSample2T :~ rouud( RCSample2T) 

RouudRCSample2T ~ 41 Samples \VFE Concentrate/ yr 

Number ofRC Samples per Year per Modified Two Storage Tank WFE Condensate Sample: 
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It is assumed that a modified WFE condensate tank is filled to capacity and an RC sample is taken. Then the 
tank content is transferred to ISO tanks for storage while sampling analysis is performed. 

RCSamplOWFECondensate :~ 
QStream8.Dai Days 

V 2TModified 

RCSamplOWFECondensate ~ 142 Samples for Each WFE Condensate Storage Tank/yr 

5.0 Use of Computer Software 

This calculation was performed using Mathcad, version 13.0 (Mathsoft Engineering & Education, Inc.) 

6.0 Results 

Alternative-3 Tank Storage Sizing (duplicated from AEM-WRPS-2012-CN-013): 

In a two tank storage configuration using the design criteria the calculation indicate: 

Minimum Feed Tank Volume at 80"10 Storage Capacity: VFeedSize ~ 3750 gallons Size Capacity/ Storage Tank 

\VFE Condensate Tank Volume at 80% Storage Capacity: 

V2T.Cond.Size ~ 51030 gallons Size Capacity/WFE Condensate Storage Tank 

\VFE Concentrate Tank Volwne at 80010 Storage Capacity: 

V2T.Conc.Size ~ 14616 gallon Size Capacity/ \VFE Concentrate Storage Tank 

The tanks storage capacity and volwnes are modified for all three staging operations when a portion of (if needed) 
storage is supplied also by ISO tanks for the 7days holding period. In this case each storage tank in a two tank 
storage system is asswned to hold the volwnetric capacity of three ISO containers and thereby identical vessels 
are used for all stages of the Altemative-2 processing. 

An additional third storage vessel of equal capacity is included in the Feed storage configuration for blending of 
the off-nonnal downstream \VFE concentrate with the feed batches if necessary. 
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Modified Tank Volume at 80"10 Storage Capacity: 

V 2TModifiedSize ~ 18750 gallon Size Capacity/ Storage Tank 

Alternative-3 Wiped Film Evaporator Sizing (duplicated from AEM-WRPS-2012-CN-013): 

The Wiped Film evaporator (WFE) is sized to meet the WFE condensate rate of 4.05 gpm by using 2 units of 
Artisan Rotothenn® horizontal thin film evaporator containing 50 square feet of heat transfer area operating in 
parallel configuration. 

Alternative 3- Heat Exchanger Sizing (duplicated from AEM-WRPS-2012-CN-013): 

The heat exchanger design equation is used to calculate the required heat transfer surface area to condense the 
overhead \VFE water vapor at 125 OF to liquid water at 82 OF at the overall heat transfer rate of 2,157,269.1 BTUihr. 
A countercWTent flow heat exchanger was selected for applying LMTD as the mean temperature difference in a 
basic heat exchanger design equation. The heat exchanger is asswned to be a shell and tube exchanger. It is 
configured that each "WFE llllit operates in series with a heat exchanger to produce a WFE condensate outflow. 
The combination of each of the two -WFE illilt and heat exchanger- modules operating in parallel produce the 
design WFE condensate rate and the overall heat transfer rate. 

Total Condenser Heat Transfer Area: AHeatTransfer ~ 1256 

Heat Transfer Area per WFE and Heat Exchanger Module: 

"PerModule ~ 628 
2 

ft / Module of WFE and Heat Exchanger 

Alternative 3- Mixer Sizing: 

The mixer for mixing the dry Petroset-H with the"WFE concentrate is sized based on the capacity of the Soft Sided 

container the mixture is gravity poured in to. A horizontal Ribbon Blenders with calculated full capacity of 135 ft3 
or 1010 gallon that is commercially available is estimated. The mixing is done in batch operation, and on a daily 
basis three Soft Sided containers are filled with 9480 lbs or 808 gallons of the mixture to meet the daily generation 
of 1670 gallon of dry Petroset-H with the WFE concentrate. 

Ribbon Blender Size at 80% Fill Capacity: 

or 
RBlenderSize ~ 135 

RBlenderSize.gal ~ 1010 

ft3 Full Capacity (equal to 5 yd3) 

gallon Full capacity 

A single mixer is required to produce approximately 3 batches of mixed Petroset-H with WFE concentrate per day 
at the equipment design processing rate. this allows approximately 8 hours to produce each mixer batch (fill with 
dry Perroset-H, spray addition of"WFE concentrate, mix for fifteen minutes, empty mixer to container, prepare mixer 
for next batch). An eight hour cycle was judged to be sufficient such that one mixer would be adequate to 
support the Alternative-3 operation. 

Alternative 3- Storage Silo, and Feed Hopper Sizing: 

Both silo and hopper are shaped as a cylindrical top and a lower conical geometry operating in a mass flow 
pattern. Mass flow occurs when sloping hopper walls are smooth (low enough friction) and steep enough for 
particles to slide along them. To determine the hopper angle, 8c' (measured from vertical) in a mass flow hopper, an 
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angle of wall friction, ~', between the bulk Petroset-H powder and the hopper surface is assumed by applying 
measurement conducted on clay powder using ASTM D-6128. Using a design chart for conical hoppers, the 
combination of~' at 28°, and 8c at 20° fell within the mass-flow region. 

Feed Hopper: FeedHopperVol ~ 265 
3 

ft Feed Hopper Storage Volume per Day use 

Hopper Angle (from vertical), 8, degree 

DFHcylinder ~ 5.5 ft 

HFHcylinder ~ 8.6 ft 

hFHcone ~ 7.56 ft 

HFHOverall ~ 16.2 ft 

Storage Silo: Storage Silo Vol ~ 955 ft3 Storage Silo Volume at ~ 3.6 days of Storage 

Hopper Angle (from vertical), 8, degree 

DSScylinder ~ 8.2 ft 

HSScylinder ~ 14.3 ft 

hSScone ~ 11.26 ft 

HSSOverall ~ 25.6 ft 

Daily mass ofPetroset-H to be transferred from the storage silo to the feed hopper. 

MStreaml6.Day ~ 11642 lb /day 

Alternative 3- Pneumatic Conveying System Sizing: 

The pneumatic conveying system calculation was focused on system pipeline layout and the selection of the gas 
mover to provide the required gas flow rate for transporting solids at the proper velocity and pressure. The 
calculation asswned a positive pressure conveying system using ambient air in a dilute-phase conveying 
arrangement. The chy Petroset-H is pnewnatically transferred from the storage silo to the feed hopper located 
above the mixer. The feed hopper is required to be filled daily a mass of 11 ,642 lbs of dry Petroset-H. The 
conveying system is sized to transport 10.000 lblhr ofPetroset-H from storage silo to feed hopper thattakes 70 
minutes to be completed. The pipeline layout uses a 3.5in. Sch. 40 pipe with an ID=3.548 in., and consist of 50-feet 
of horizontal length from the storage silo solids feed-in, followed by a 30-feet vertical elevation, and then a 50-feet 
horizontal pipeline. A total pressure drop of the pnewnatic conveying system was calculated to be 5.35 psig in 
order to properly select the gas mover. A multistage centrifugal blower or a positive-displacement rotary lobe 

blower, operating at volwnetric air flow rate of approximately 320 ft3/min (rOllllded) at 5.35 psig is suitable for this 
application. 

The Total Pressure Drop of the System: 

The Volwnetric air flow rate: Q
g 
~ 317.5 ft3jmin at 5.35 psig 
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Alternative 3 - Sample Load Estimated (duplicated from AEM -WRPS-2012-CN-013): 

The annual sample load estimate for the record control samples taken at the WTB for the WFE condensate tanks 
and \VFE concentrate tanks are: 

Nwnber of RC Samples per Year per Modified Two Storage Tank \VFE Concentrate Sample .:. 

RoundRCSample2T ~ 41 Samples WFE Concentrate/ yr 

Nwnber of RC Samples per Year per Modified Two Storage Tank WFE Condensate Sample: 

RCSampl"WFECondeusate ~ 142 Samples WFE Condeusate/ yr 

7.0 Conclusions 

The Alternative 3 equipment sizing was performed using the the throughput docwnented in SVF-2440 at 7500 
gallon per day. The tanks storage capacity and volwnes were modified for all three staging operations when a 
portion of (if needed) storage was supplied also by using ISO tanks. In this case each storage tank in a two tank 
storage system was sized to hold the volwnetric capacity of tlrree ISO containers and thereby identical vessels 
were used for all stages of the Altemative-3 processing. An additional third storage vessel of equal capacity was 
included in the Feed storage configuration for blending of the off-normal downstream WFE concentrate with the 
feed batches if necessary. 

The Wiped Film evaporator (WFE) was sized to meet the \VFE condensate rate of 4.05 gpm by using 2 illil.ts of 
Artisan Rototherm® horizontal thin film evaporator operated in parallel. Each \VFE provide 50 square feet of heat 
transfer area. 

Horizontal Ribbon Blenders with calculated full capacity of 135 ft3 or 1010 gallon that is commercially available is 
estimated for mixing the Petroset-H chy with the WFE concentrate. 

The storage silo and feed hopper are shaped as a cylindrical top and a lower conical geometry operating in a mass 
flow pattern. Both hoppers angle, 8c' (measured from vertical) was estimated to be 20°. The storage silo volwne is 

approximately 955 ft3 with the dimension of 8.5 ft in diameter, 13.9 ft is cylindrical section height, 11.7 ft in conical 

section height, and an overall 25.6 ft tall. The feed hopper volume is approximately 265 ft3 with the dimension of 
5.5 ft in diameter, 9.3 ft is cylindrical section height, 7.6 ft in conical section height, and an overall 16.8 ft tall. 

The pneumatic conveying system use a multistage centrifugal blower or a positive displacement rotary lobe 

blower, operating at volwnetric air flow rate of approximately 320 ft3/min at 5.35 psig. The pipeline layout uses a 
3.5in. Sch. 40 pipe with an ID=3.548 in., and consist of 50-feet of horizontal length from the storage silo solids 
feed-in, followed by a 30-feet vertical elevation, and then a 50-feet horizontal pipeline. A total pressure drop of the 
pneumatic conveying system was calculated to be 5.35 psig. 

8.0 References 

24590-WTP-PL-PR-04-000l, 2008, Integrated Sampling and Analysis Requirements Dacument (ISARD) , Rev 2, 
Bechtel National Inc., Richland, Washington. 

AEM-WRPS-20l2-CN-013, 2012, Alternative 2 Equipment Sizing Estimates, AEM Consulting, LLC, Richland, 
Washington. 

File: AEM-WRPS-20l2-CN-014 Rev O.xmcd 

C-34 



RPP-RPT-52796, Rev. 0 

A E M Consulting, LLC. Calculation SetNo.AEM-WRPS-2012-CN-014 Rev No. ° Sheet 34 of 34 

Cagli, AS., 2007, Flow Property Measurement Using the Jenike Shear Cellfor 7 Different Bulk Solids, 
Proceedings of European Congress of Chemical Engineers, Copenhagen, Denmark. 

Maynard, E., 201 0, Troubleshoot and Solve Pneumatic Conveying Problems, Chemical Engineering Progress, 
hme 201 o. American Institute of Chemical Engineers. New York, New York. 

Mills, David, 2010, Pickup Velocity for Pneumatic Conveying, PowderlBulk Solids Magazine, January 2010, 
UBM Canon Corp. Los Angeles, CA 

Mills, David, 2004, Pneumatic Conveying Design Guide, 2nd Edition, Elsevier Butterworth-Heinemann. , 
Oxfard,United Kingdom. 

Purutyan, H, 2001, Solve Solids Handling Problems by Retrofitting, Chemical Engineering Progress, June 2001. 
American Institute of Chemical Engineers. New York, New York. 

Feny, R, 1984, Perry's Chemical Engineering Handbook, 6th edition, McGraw Book Company, New York, 
New York. 

RPP-RPT -47443, 2011, Wiped Film Evaporator Full- Scale Demonstration System TestReport., Washington 
River Protection Solutions LLC, Richland, Washington. 

SVF-2440, 2012, SBS Disposal PreConceptAlts. Rev 0, Washington River Protection Solutions LLC, Richland, 
Washington. 

Welty, J. R, C. E. Wicks, RE. Wilson, 1984, Fundamentals of Momentum, Heat, and Mass Transfer, John Wiley 
& Sons, New York, New York. 

White, F. M., 1986, FluidMechanics, 2nd edition, McGraw-Hills, Inc, New Yark, new Yark. 

Woodcock, CR, J. S. Mason, 1988, Bulk Solids Handling: An Introduction to the Practice and Technology, 1 st 
edition, Chapman & Hall, London, United Kingdom. 

File: AEM-WRPS-2012-CN-OI4 Rev O.xmcd 

C-35 



RPP-RPT-52796, Rev. 0 

Appendix D 

CALCULATION AEM-WRPS-2012-CN-OlS, 
LOW -ACTIVITY WASTE MELTER 

DECONT AMINA TION FACTOR ADJUSTMENTS 

D-i 



RPP-RPT-52796, Rev. 0 

Subcontractor Calculation Review Checklist 

Subject: AEM-WRPS-2012-CN-015, LAW MeIter Decontamination Factor Adjustments 

The subject document has been reviewed by the undersigned. 

The reviewer reviewed and verified the following items as applicable. 

Documents Reviewed: AEM-WRPS-2012-CN-015, LAW Melter Decontamination Factor 
Adjustments 

Analysis Performed By: AEM Consulting, LLC 

• Design Input 

• Basic Assumption 

• ApproachlDesign Methodology 

• Consistency with item or document supported by the calculation 

• ConclusionlResults Interpretation 

• Impact on existing requirements 

Reviewer (printed name, signature, and date) B. E. Chamberlain 

27- IutJ /2. 

D- I 



RPP-RPT-52796, Rev. 0 

A E M Consulting, LLC. CaLcuLation SeL No. Rev No. 
AEM-WRPS-2012-CN-015 0 

Calculation Note and 
Peer Review End Use: Pre-conceptuaL Design 

Project: SSS Direct DisposaL AlLematives Sheet 1 of 12 

Discipline: Process Contract No: WRPS 48504 Line Item 2 

Structure or System: NA Reserved 

Subject: LAW Meller Decontamination Factor Adjustments 

CompLeted by: A Pajunen ~ 
, , 

Date 5'/, /t"( 
Checked by: R. Lokken(Afaaa '-::LM~ Date 5/9/12-
Approved by (LDEOfDepmtmenlM~arJ G. Dunford D{ 1. )\ \) Date 4/<[ {L 1-
Distribution: NA '- 'c:::::\ 
Reason for Revision: T aLai number of sheets in this 

NoL applicable, initiaL release. issue: 12 

Sheets revised, added or deleted: 
NA 

Problem Statement: 
Estimate Lhe potential uncertainty of 90Sr and 24' Am concentrations in SSS condensate modeLing predictions 

Summary Conclusions: 
Average values from test data used in modeling the LAW Melter decontamination factor are based on an approach 
that produces the most conservative estimaLe (highest estimate) of components transmitted La Lhe melter off gas. 
Alternate averaging approaches indicate that feed components transmitted to the melter off gas may be a factor of 
10 less for 90Sr and a factor of 2 less for 24'Am compared to that predicted using decontaminaLion factors used in 
HTWOS modeling studies. 

Design Basis: 
Primary basis begins with HTWOS modeling predictions of SSS condensate compositions and evaLuates potential 
variability Lhat may exist in inputs used to produce the composition predictions. 
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1.0 Objective/Purpose 

Preliminary calculations indicate that the predicted concentration of 90Sr (and possibly 241Am) potentially limits the 
volume reduction of as-generated Submerged Bed Scrubber (SBS) condensate that could be achieved in a direct 
offsite disposal scenario based on limiting the transported material characteristics to Class A radionuclide 
characteristics. The condensate of interest is generated in the Waste Treatment and Immobilization Plant (WTP) 
Low Activity Waste (LAW) vitrification facility. The SBS condensate is produced during treatment of off gas from 
an LAW melter Therefore, the mass rate of feed components transmitted to the melter off gas during glass 
production directly influences the mass rate of components captured by the off gas treatment equipment and 
resulting contaminate concentrations in SBS condensate. The purpose of this calculation is to estimate the potential 
uncertainty of 90Sr and 241Am concentrations in SBS condensate modeling predictions. 

Figure I-I provides a simplified sketch of a glass melter material balance, where each feed component entering a 
glass melter is distributed between the glass product and off gas. The mass rate of contaminants transmitted to the 
melter off gas is predicted by computer models that use split factors to estimate the path of components through a 
LAW melter and a major fraction of the contaminants transmitted to the off gas are subsequently captured in the 
SBS condensate. 
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Figure 1-1. Description of Low Activity Glass Melter Splits Used in Material Flow Modeling. 

Feed co 
Fikglhr 

rnponent, 
Glass Melter 

Off gas com ponent, 
0i kglhr 

G lass component, 
Gikglhr 

Equation (I-I) provides the definition of a decontamination factor based on the nomenclature shown in Figure I-I. 
Separate decontamination factors are defined for each component tracked by material balance models. It should also 
be recognized that some models track the path of components through unit operations using a "fraction of feed to 
vapor" definition, which is equivalent to the inverse of the decontamination factor (lIDFi) shown in Equation (I-I). 

(1-1) 

where: Fi = mass rate of component i entering the glass rnelter, kglhr 
~ mass rate of component i leaving the glass melter in the off gas, kglhr Oi 

DFi = decontamination factor describing the path of component i through the melter, dimensionless 

2.0 Input Data 

Table 2-1 provides a summary of LAW rnelter decontamination factors used as a basis for modeling 90Sr and 241 Am 
material flows through a LAW melter. Three alternatives are shown in Table 2-1. The first source is based on the 
model design document for HTWOS (RPP-I 71 52, Hanford Tank Waste Operations Simulator (HTWOS) Version 
6.6.1 Model Design Document) and represents the basis for system planning model runs used to predict SBS 
condensate compositions for evaluating the SBS condensate direct disposal alternatives. The RPP-I7I52 
decontamination factors are referenced to the Envelope A values described in Revision 5 of 24590-WTP-RPT -PT-
005, Flowsheet Bases, Assumptions, and Requirements. The decontamination factors listed in 24590-WTP-RPT­
PT -005 were updated in 2011 (Revision 6) and have not yet been incorporated in the basis for system planning 
documents. Table 2-1 indicates that the latest estimates for 90Sr and 241 Am decontamination factors were not 
significantly modified between Revision 5 and 6 of 24590-WTP-RPT -PT -02-005. 
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Table 2-1. Summary of 90Sr and 241 Am LAW Melter Decontamination Factors in Alternative Modeling 
Descriptions. 

Component Fraction of Feed to Vapor Decontamination Factor 
~Sr, Sr+" 0.00909 110 
'"'Am 0.01754 57 
Source: Table A-3 of RPP-I 71 52, Hanford Tank Waste Operations Simulator (HTWOS) Version 6.6.1 Model 
Desizn Document, Rev 6. 

Component 
Decontamination Factors 

Envelope A Envelope B Envelope C 
'"Sr, Sr+2 110 660 170 
"41Am, Am+' 57 110 88 
Source: Table 3.2-2 of 24590-WTP-RPT -PT -02-005, Flowsheet Bases, Assumptions, and Requirements, Rev 5. 

Component 
Decontamination Factors 

Envelope A Envelope B Envelope C 
~Sr, Sr+' 106 570 136 
24IAm, Am+' 54 103 77 
Source: Table 3.2-2 of 24590-WTP-RPT -PT -02-005, Flowsheet Bases, Assumptions, and Requirements, Rev 6. 

The basis for the latest estimates of LAW melter decontamination factors is described in 24590-WTP-M4C-V37T-
00008, Reconciliation ofHLW and LAW Melter Decontamination Factors. 2490-WTP-M4C-V37T -00008 begins 
with recognizing that simulant test data do not contain all the components predicted to be present in melter feed by 
computer models. An averaging approach is described in 24590-WTP-M4C-V37T -00008 which is used as a basis 
for decontamination factor estimates for components where no specific test data are available (neither Sr or Am data 
are available from LAW melter tests). 

The averaging approach begins by assigning components to one of three volatility bins: non-volatile (NV), semi­
volatile (SV), or volatile (V). Components are assigned to volatility bins based on element melting point and boiling 
points, relative to an average melter pool temperature of ~ 1150 cC 24590-WTP-M4C-V37T -00008 uses the 
following basis for volatility bin assignment: 

• Non-volatile bin - T~~mp > Tpool temp 

• S . 1·1 b· Tcomp T ernl-VO ail e m - mp < pool temp d T comp T 
an bp > pool temp 

• Volatile bin - T~;mp < Tpool temp 

Table 2-2 summarizes components included in LAW glass melter test data. Based on the 24590-WTP-M4C-V37T-
00008 evaluation, the test data components were assigned to the following bins: 

• Non-volatile (NV) bin components: AI, Ca, Cd, Cr, Fe, Li, Mg, Ni, Se, Te, Zn, Zr 
• Semi-volatile (SV) bin components: B, B(s), K, Na, P, Pb. 
• Volatile (V) bin components: CI(s), CI, Cs, F(s), F, I(s), I, Re, S(s), S, Sees), Se, NH4 . 

Listings in Table 3.2-2 of 24590-WTP-RPT -PT -02-005, Rev 6, indicate that the components 9OSr/Sr+2 were assigned 
to the non-volatile decontamination factor bin and 241Am/Am+3 were assigned to the semi-volatile bin. 
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Tablt 2-2. Avt ragt LAW Mdta Dt contambtation Factors from Simulant T t s1 Data. 

Source: 24590-\V"IP-M4C-V37T-OOOO8, Rev No, D-9, 

24590-\V"IP-M4C-V37T-00008 describes an averaging approach used to detennine an average decootaminatioo 
factor foc each bin, Individual component decontaminatioo factors are obtained from LAW melter simulant test 
data, The component decontamination factocs assigned to one of the three bins are averaged and the resulting 
average is assumed to represent the decontamination factoc for components included in the same bin, but not 
included in simulant test feed, 

Equation (2-1) indicates the equation used by 24590-\VfP-M4C-V37T-OOOO8 to approximate non-volatile, semi­
volatile, and volatile component average decootaminatioo factors, The bin decootamination factocs are based on 
averaging the fractioos of a feed component transmitted to the off gas obseIVed during tests, 

where: DFi 
N 

= the successive DF's to be averaged, dimensionless 
= net number ofDFs to be cOllllted, dimensionless 

DF.YI': = average decootamination factoc, dimensiooless 
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used as a guide for the potential range of decontamination factor for components in a bin that may be observed for 
an individual component that was not included in test simulant. 

Averaging Alternative I is shown by Equation (4-1) and describes a typical arithmetic average of the observed 
decontamination factors for components in a bin. In this case, the arithmetic average is shown to represent an 
average value that minimizes the sum of the squares of differences between the single average value and the various 
values being averaged. 

where: Sum I 
N 
X 
Xi 

d(Sum1) 

dX 

N 

Sum1 = L (X, - X)' 
i=l 

2(X, - X)( -1) + ... + 2(XN - X)( -1) 

N 

= -2 L(X, -X) 
i=l 

S I · . . h Id(SUm1)1 0 h· h h urn IS at a rnmlrnurn w en ----;;;-- = ,W Ie occurs wen: 
N 

0= L(X' -X) 
i=l 

N 

0= L(x') -N X 
i=l 

N 

NX= L(x') 
i=l 

~ the sum of the squares of the indicated differences 
~ the number of points being averaged 
= average value of a series of nurn bers 
= series of numbers to b e averaged 

(4-1) 

Averaging Alternative 2 is shown by Equation (4-2) and describes an arithmetic average of the inverse of observed 
decontamination factors for components in a bin. This averaging approach is equivalent to the method used in 
24590-WTP-M4C-V37T -00008 and produces a result consistent with Equation (2-1). In this case, the result is 
consistent with an arithmetic average for the fraction of a feed component transmitted to the melter off gas and 
minimizes the sum of the squares of differences between the single average inverse of the decontamination factor 
and the various inverse values being averaged. An average decontamination factor is then found by inverting the 
average inverse value. 
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NIl 2 

Sum2 = I (x - X) 
i=l [ 

S 2 · . . h Id(SUm2)1 0 h· h h urn IS at a rnmlrnurn w en ----;;g = ,W Ie occurs wen: 
N 

0= IG-;) 
i=l [ 

N 

0= IG)-N (;) 
i=l [ 

N 
(4-2) 

N(;)= IG) 
i=l [ 

(;) = Lf=~(*) 

Averaging Alternative 3 is based on the weighting function shown by Equation (4-3). In this case, an average is 
found by minimizing the sum of the squares of a difference based on the value logarithms. This is typically 
determined using a numerical procedure, or trial and error calculation. 

N 

Sum3 = I (Ln(X,) - Ln(X»2 (4-3) 
i=l 

Table 4-1 provides a summary of the LAW melter decontamination factors reported in 24S90-WTP-M4C-V37T-
00008 for the non-volatile and semi-volatile bins used as the basis for average decontamination factors in modeling 
studies. Average decontamination factors were calculated for the volatility bins using each of the three averaging 
approaches. Note that non-volatile and semi-volatile average decontamination factors reported in 24S90-WTP­
M4C-V37T -00008 were duplicated using Averaging Alternative 2. 

Figure 4-1 provides a plot of the non-volatile component values and compares the individual decontamination 
factors with the three alternative averaging approaches. The plots are shown based on both linear and logarithmic 
scales to emphasize the comparison characteristics. The comparison indicates that higher numerical values 
dominate the calculated average decontamination factor using Averaging Alternative 1. Lower numerical values 
dominate the calculated average decontamination factor using Averaging Alternative 2 and produces the most 
conservative estimate of an average decontamination factor. Averaging Alternative 3 produces an average that is 
intennediate between the Averaging Alternatives 1 and 2. Averaging Alternative 3 is similar to approximating a 
median value as the decontamination factor average. 

Figure 4-2 provides a similar comparison between the semi-volatile component values and the alternative averaging 
approaches. 
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Table 4-1. Alternative Averaging Approaches for LAW Melter Decontamination Factor Component 
Bins. 

Bin Component DF IIDF 
Cr 13.64 0.073314 

Ni 106.33 0.009405 

Li 104.9 0.009533 

Cd 117 0.008547 

Fe 537.3 0.001861 

Ti 338.9 0.002951 
Zn 350.1 0.002856 

Non-volatile AI 523.7 0.001909 

Si 858.1 0.001165 

Ca 8038 0.001244 
Mg 6352.1 0.000157 
Zr 4600.7 0.000217 

Equation (4-1) 1225 

Alternative Bin Averages Equation (4-2) 106 

Equation (4-3) 389 

K 19.61 0.050994 
Pb 39.77 0.025145 

P 84.19 0.011878 

Na 77.47 0.012908 

Semi-Volatile B(s) 133.76 0.007476 

B 326.72 0.003061 

Equation (4-1) 114 
Alternative Bin Averages Equation (4-2) 54 

Equation (4-3) 78 
Notes: 

1. DF = Decontamination Factor 
2. Component bins, component list, and DF values from Table 2-2. 
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Figure 4-1. LAW Melter Non-Volatile Component Decontamination Factor Comparison to Averages. 
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Figure 4-2. LAW Melter Semi-Volatile Decontamination Factor Component Comparison to Averages. 
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5.0 Use of Computer Software 

Calculations in this work have been treated as hand calculations. The actual values reported were calculated using 
Microsoft Excel 2007 spreadsheet However, all values in calculations are included in tabular information such that 
the calculations can be independently duplicated. Calculation formulas were considered simple enough such that 
inclusion of a spreadsheet file was not considered warranted. Plots were also created using a spreadsheet and can be 
verified by comparison with tabular input. 

6.0 Results 

Section 4.0 describes three alternative approaches for calculating an average decontamination factor from LAW 
melter test observations for components in the non-volatile and semi-volatile bins. Current HTWOS modeling is 
essentially based on 90Sr and 24IAm decontamination factor bins described in 24590-WTP-M4C-V37T -00008, which 
uses the most conservative approach for averaging test observations. Averaging Alternative 1 is used as an estimate 
of the upper bound for a bin averaged derived from the same test observations. Table 6-1 indicates that LAW melter 
decontamination factors could be as much as a factor of 10 higher for 90Sr and factor of 2 higher for 241Am using 
the same binning approach from 24590-WTP-M4C-V37T-00008. The increased decontamination factors imply that 
the mass rate of 90Sr transmitted to the melter off gas system could potentially be a factor of 10 less than current 
predictions by HTWOS, while 24IAm could be reduced by a factor of2. 

Table 6-1. Summary of Potential Changes to 90Sr and 241 Am LAW Melter Decontamination Factors. 

Component Bin 
wSr/Sr+' Non-Volatile 

"'Am/Am+' Semi-Volatile 
Notes. 

DF = Decontamination Factor 
Model Run DF from Table 2-1. 

Model RunDF 
110 
57 

Potential DF from Table 4-1 based on Averaging Alternative I. 

Potential DF DF Ratio (rounded) 
1225 10 
114 2 

I. 
2. 
3. 
4. DF Ratio represents potential reduction factor of component transmitted to the LAW melter off gas based 

on ratio of (potential DF)/(Model Run DF). Value is rounded. 

7.0 Conclusions 

Average values from test data used in modeling the LAW Melter decontamination factor are based on an approach 
that produces the most conservative estimate of components transmitted to the rnelter off gas. Alternate averaging 
approaches indicate that feed components transmitted to the melter off gas may be a factor of 10 less for 90Sr and a 
factor of 2 less for 24IAm compared to that predicted using decontamination factors used in HTWOS modeling 
studies. 
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Structure or System: Not applicable R¢sarved 

Subject: Hazard Category Calculation for SBS Condensate Direct Disposal 
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Problem Statement: 

Assess the hazard category for the SBS direct disposal aijernative processes: 

• Alternative 1 - Containerize the unconcentrated SBS condensate for ollsne disposal. 

• Alternative 2 - Concentrate the SBS condensate and containerize the resultant wiped film evaporator (WFE) 
concentrate for offsite disposal. 

• Altemative 3 - Concentrate the SBS condensate, solidify the WFE concentrate, and containerize the resultant 
solidified WFE concentrate for offite disDOsal. 

Summary Conclusions: 
All process altematives would be classified as Hazard Category 3 facilities and are well below the Hazard Category 
2 threshold. 

Design Basis: 
SBS condensate feed composition and peak SBS condensate flow rate are taken from SVF-2440, sas Disposal 
PreConceot Alts. 
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1.0 Objective/Purpose 

The purpose of this calculation is to assess the hazard category for the following Submerged Bed Scrubber (SBS) 
direct disposal alternative processes: 

• Alternative 1 - Containerize the unconcentrated SBS condensate for offsite disposal. 

• Alternative 2 - Concentrate the SBS condensate and containerize the resultant wiped film evaporator (WFE) 
concentrate for offsite disposal. 

• Alternative 3 - Concentrate the SBS condensate, solidify the WFE concentrate, and containerize the resultant 
solidified WFE concentrate for offite disposal. 

The process flow diagram for the three alternatives is shown in Attachment A 

2.0 Input Data 

The input data associated with this calculation are as follows: 

• The SBS condensate average composition is taken from SVF -2440, SBS Disposal PreConcept Alts, "Feed 
Stream" worksheet. The average concentrations rounded to three significant figures are shown in Table 4-l. 

• The composition of the SBS condensate batch with the lowest volume to reach the Hazard Category 3 threshold, 
batch date 111012020, is taken from SVF-2440, "Ci per L Decayed" worksheet The concentrations for this 
batch rounded to three significant figures are shown in Table 4-1. 

• Class A, Table I waste disposal limits are taken from SVF-2440, "Class A" worksheet, which converts the 
10 CFR 61.55, Table I units of Ciim3 and nCiig to CilL. The Class A, Table I limits are shown in Table 4-2 of 
this calculation. 

• The peak SBS condensate flow rate of 7500 gal/day is taken from SVF -2440, "Liquid Flow" worksheet This 
flow rate is used to calculate the waste volumes for each alternative in Table 4-3. 

• Tank capacities are taken from calculations AEM-WRPS-2012-CN-0I2, Alternative 1 Equipment Sizing 
Estimates, AEM-WRPS-2012-CN-013, Alternative 2 Equipment Sizing Estimates, and 
AEM-WRPS-2012-CN-014, Alternative 3 Equipment Sizing Estimates in RPP-RPT -52796, Supporting 
Calculations/or Submerged Bed Scrubber Condensate Disposal Pre-Conceptual Study. Tank capacities are 
shown in Table 4-3. 
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• Hazard Category 3 threshold values are taken from LA-12981-MS, Table 0/DOE-STD-I027-92 Hazard 
Category 3 Threshold Quantities/or the ICRP-30 List 0/757 Radionuclides, LANL Fact Sheet, as allowed by 
DOE-STD-1027-92, Hazard Categorization and Accident Analysis Techniques/or Compliance with DOE 
Order 5480.23, Nuclear Safety Analysis Reports, Table A I, footnote 2. LA-12981-MS provides a much more 
comprehensive listing of Hazard Category 3 threshold values than DOE-STD-1027-92. The applicable Hazard 
Category 3 threshold values are shown in Table 4-4. 

• Hazard Category 2 threshold values are taken from DOE-STD-1027-92. The applicable Hazard Category 2 
threshold values are shown in Table 4-4. 

3.0 Assumptions 

The assumptions associated with this calculation are as follows: 

• The composition of the SBS condensate is based on the components tracked by the Hanford Tank Waste 
Operations Simulation (HTWOS) modeL Components not tracked by the HTWOS model are not considered in 
this evaluation. 

• The hazard category determination for Case I of all alternatives is based on the average SBS condensate 
concentrated to the Class A, Table I waste disposal limits. 

• The hazard category determination for Alternative 1, Case 2 is based on the unconcentrated SBS condensate 
batch with the lowest volume to reach the Hazard Category 3 threshold. 

• The hazard category determination for Alternatives 2 and 3, Case 2 is based on the SBS condensate batch with 
the lowest volume to reach the Hazard Category 3 threshold concentrated to the Class A, Table I waste disposal 
limits. 

• Class A waste disposal limits are applied to the waste in liquid form rather than the as-disposed solidified form. 

• Tanks are assumed filled to 100% tank volume. 

• The incoming SBS condensate feed shipping containers and outgoing WFE concentrate shipping containers 
staged at the facility are considered part of the facility for the hazard category calculations. 

• Incoming shipping container lag storage is needed to allow continued delivery of SBS condensate from the 
Waste Treatment and Immobilization Plant if SBS condensate processing operations are disrupted. Similarly, 
outgoing shipping container lag storage is needed to allow continued SBS condensate processing operations if 
offsite shipping is disrupted. For Alternative I, combined incoming/outgoing lag storage equivalent to 7 days 
of SBS condensate generation is assumed due to the minimal processing associated with this alternative. For 
Alternatives 2 and 3, incoming lag storage equivalent to 7 days of SBS condensate generation and outgoing lag 
storage equivalent to 7 days of SBS concentrate generation are assumed. 

• The tanks and shipping containers for WFE condensate are disregarded in this evaluation because the SBS 
condensate feed tanks and WFE concentrate tanks are assumed to contain the same concentrations. Including 
the WFE condensate tanks and shipping containers would result in double counting of inventory originating in 
the feed tanks. 

• The mixing tanks for the Alternative 3 solidification process are disregarded in this evaluation because the 
solidification process involves small batch transfers from the concentrate tanks to the solidification mixing 
tanks. 

• Contaminated in-service HEPA filters are disregarded in this evaluation because this contamination is 
insignificant compared to the tank inventories. 
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4.0 Method of Analysis 

The hazard category for each alternative is detennined for two different SBS condensate compositions. Case I for 
all alternatives is based on average SBS condensate concentrated to the Class A, Table I waste disposal limits. This 
approach is based on the following rationale: 

• The planned disposal path for the SBS condensate is as Class A waste. 

• SVF-2440, "Class A" worksheet demonstrates that long-lived radionuclides (Table I), rather than short-lived 
radionuclides (Table 2), are always limiting for the SBS condensate to meet Class A waste disposal limits. 

This approach could be overly conservative for detennining the hazard category for Alternative I because the SBS 
condensate is not concentrated in the Alternative 1 process. To assess whether this approach is indeed overly 
conservative, Case 2 for Alternative 1 detennines the hazard category based on the unconcentrated SBS condensate 
batch with the lowest volume to reach the Hazard Category 3 threshold. 

Case 2 results in a higher Hazard Category 3 sum -of-fractions than ease I based on comparing the results shown in 
Tables 4-5 and 4-6. Therefore, to confinn the hazard category determination, Case 2 for Alternatives 2 and 3 
determines the hazard category based on the SBS condensate batch with the lowest volume to reach the Hazard 
Category 3 threshold concentrated to the Class A, Table I waste disposal limits. 

Sections 4.1 through 4.5 discuss the hazard category calculation results shown in Tables 4-1 through 4-8. 
Section 4.6 discusses operational and design changes that would be needed for a less-than-Hazard-Category-3 
categorization for Alternative 1. 

4.1 SBS Condensate Composition 

Table 4-1 shows the SBS condensate composition data used in this calculation. Each column in Table 4-1 is 
described below. 

• The "Average Feed" composition represents the average SBS condensate feed composition over the 25-year 
mission. This composition is taken from SVF-2440, "Feed Stream" worksheet and is used to calculate the 
"Average Feed at Class A Limits" composition. 

• The "Average Feed at Class A Limits" composition represents the average SBS condensate feed concentrated to 
the Class A, Table I waste disposal limits. This composition is used to detennine the hazard category for Case 
I for all alternatives. The concentration factor of 6.0 derived in Section 4.2 is used to calculate the "Average 
Feed at Class A Limits" composition: 

IIAverage Feed at Class A IIAverage Feed" Concentration = X 
Limits" column column Factor (6.0) 

• The "Worst-Case Batch" composition represents the unconcentrated SBS condensate batch with the lowest 
volume to reach the Hazard Category 3 threshold, as calculated in SVF -2440, "HazCat" worksheet This 
composition is used to detennine the hazard category for Alternative 1, Case 2. This composition is the 
1110/2020 batch, the fourth batch of the 25-year mission from SVF-2440, "Ci Per L Decayed" worksheet The 
worst-case batch can be seen graphically as the lowest point in Figure 4-1, which shows the volume to reach the 
Hazard Category 3 threshold for each SBS condensate feed batch over the 25-year mission. The implications of 
this figure are discussed in more detail in Section 4.6. 
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• The "Worst-Case Batch at Class A Limits" composition represents the SBS condensate batch with the lowest 
volume to reach Hazard Category 3 threshold concentrated to the Class A, Table I waste disposal limits. This 
composition is used to determine the hazard category for Alternatives 2 and 3, Case 2. SVF -2440, "Class A" 
worksheet calculates a concentration factor of I A8 to concentrate the "Worst-Case Batch" to the Class A, 
Table I waste disposal limits. A rounded up concentration factor of 1.5 is used to calculate the "Worst-Case 
Batch at Class A Limits" composition: 

II Worst-Case Batch at 
Class A Limits" column 

II Worst-Case Batch" Concentration 
X = column Factor (1.5) 

4.2 Concentration Factor 

The calculation of the concentration factor to concentrate the average SBS condensate feed to the Class A, Table I 
waste disposal limits is described below. Table 4-2 shows the calculation results. 

• The "Average Feed" column shows the average SBS condensate feed concentrations from Table 4-1 for the 
radionuclides that are subject to Class A, Table I waste disposal limits. 

• The "Class A, Table I Limit" column shows the Class A, Table I limits in CiIL taken from SVF -2440, "Class 
A" worksheet Note that 237-Np, 238-Pu, 239-Pu, 240-Pu, 241-Am, 242-Pu, 243-Am, 243-Cm, and Cm-244 
(alpha-emitting radionuclides with a half-life greater than 5 years) have a composite limit, whereas the other 
radionuclides have individuallirnits. 

• The values in the "Table 1 Fraction" column are calculated as: 

IITable 1 Fraction" 
column 

= IIAverage Feed" ..... 
column 

• The "Sum-of-Fractions" line is calculated as: 

lIelass A, Table 1 Limit" 
column 

IISum-of-Fractions" = ~ IITable 1 Fraction" 
line column 

• The "Concentration Factor" line is the reciprocal of the "Sum-of-Fractions" line. 

• The concentration factor is rounded up to 6.0. This rounded concentration factor provides conservative hazard 
category detennination. 

4.3 Waste Volumes 

Table 4-3 shows the calculation results for the waste volumes for each process alternative. The waste volumes are 
calculated as the sum of the in-facility tank capacities and the total volume of incoming and outgoing shipping 
containers. The total volumes for incoming and outgoing shipping containers are calculated based on 7 days of feed 
at the peak SBS condensate flow rate of 7500 gal/day, rounded up to a multiple of 5000 gallons, the anticipated 
shipping container volume from AEM-WRPS-2012-CN-012. The waste volumes for each process alternative are 
shown in the "Total" column of Table 4-3. A single calculation is shown for Alternatives 2 and 3 because these 
alternatives have the same applicable tank capacities as calculated in AEM-WRPS-2012-CN-013 and 
AEM-WRPS-2012-CN-0I4. Note that the outgoing waste form is different for Alternatives 2 and 3 but the liquid 
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waste volume basis is the same. The solid product [onn for Alternative 3 is represented in its equivalent liquid 
volume. 

The total volume for each alternative is converted from units of gallons to liters using a conversion factor of 3.785 
and rounded to three significant figures. The rounded total volumes in liters are used in the calculations described in 
Section 4.5. 

4.4 Hazard Category Threshold Values 

The applicable Hazard Category 3 and Hazard Category 2 threshold values, taken from LA-12981-MS and 
DOE-STD-1027-92, respectively, are shown in Table 4-4. 

4.5 Hazard Category Sum-of-Fractions 

Tables 4-5 through 4-8 show the calculation results for hazard category sum-of-fractions for the four cases. The 
"Inventory" column in each table is calculated as follows: 

• Alternative I, Case I - Average SBS Condensate Feed Concentrated to Class A, Table I Limits: 

IIInventory" column = 
in Table 4-5 

"Average Feed at Class A X Alternative 1 total waste 
Limits" column from Table 4-1 volume from Table 4-3 

• Alternative I, Case 2 - Worst-Case Batch of Un concentrated SBS Condensate Feed: 

IIInventory" column = 
in Table 4-6 

II Worst-Case Batch" Alternative 1 total waste 
X 

column from Table 4-1 volume from Table 4-3 

• Alternatives 2 and 3, Case I - Average SBS Condensate Feed Concentrated to Class A, Table I Limits: 

IIInventory" column = 
in Table 4-7 

"Average Feed at Class A X Alternative 2/3 total waste 
Limits" column from Table 4-1 volume from Table 4-3 

• Alternatives 2 and 3, Case 2 - Worst-Case Batch of SBS Condensate Feed Concentrated to Class A, Table I 
Limits: 

IIInventory" column = 
in Table 4-8 

"Worst-Case Batch at Class A Alternative 2/3 total waste 
X 

Limits" column from Table 4-1 volume from Table 4-3 

The remainder of the calculations in Tables 4-5 through 4-8 is identical for each case: 

• The values in the Hazard Category 3 threshold fraction columns are calculated as: 

IICategory 3 Threshold _ IIInventory" 
Fraction" column - column 

"Hazard Category 3 Threshold" -.-
column from Table 4-4 

• The values in the Hazard Category 2 threshold fraction columns are calculated as: 

IICategory 2 Threshold _ IIInventory" 
Fraction" column - column 
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• The "Sum-of-Fractions" lines are calculated as: 

Category 3 "Sum-of­
Fractions" 

Category 2 "Sum-of­
Fractions" 

=~ 

=~ 

"Category 3 Threshold 
Fraction" column 

"Category 2 Threshold 
Fraction" column 

The predominantradionuclide in the Hazard Category 3 sum-of-fractions calculations for all cases is 129-1. The 
129-1 contributions to the Hazard Category 3 sum-of-fractions on a percentage basis are as follows: 

• Alternative I, Case I - 66% 129-1 
• Alternative I, Case 2 - 91 % 129-1 
• Alternative 2 and 3, Case 1-66% 129-1 
• Alternative 2 and 3, Case 2 - 91 % 129-1 

For Alternative I, Case I and Alternatives 2 and 3, Case I, 137-Cs, 239-Pu, 241-Am, 9O-Sr, and 99-Tc are 
secondary contributors, accounting for at least one percent of the sum -of-fractions. For Alternative 1, Case 2 and 
Alternatives 2 and 3, Case 2, 137-Cs, 151-Sm, 90-Sr, and 99-Tc are secondary contributors. These radionuclides are 
shaded in Tables 4-5 through 4-8. 

4.6 Further Evaluation of Alternative 1 Hazard Category 

The waste volume to reach the Hazard Category 3 threshold for each SBS condensate feed batch over the 25-year 
mission is shown in Figure 4-1. Figure 4-2 shows these waste volumes for the first 400 SBS condensate feed 
batches, approximately the first third of the 25-year mission. These data are taken from SVF -2440, "HazCat" 
worksheet For comparison the Alternative I total waste volume and in-facility tank volume from Table 4-3, 
117,500 and 62,500 gallons, respectively, are shown on the figures. The total waste volume includes both the in­
facility tanks and the shipping containers. The waste volume shown in Figures 4-1 and 4-2 is less than the total 
waste volume of 117,500 gallons for 266 SBS condensate batches, or -23% of the 1165 batches, and is less than the 
in-facility tank volume of 62,500 gallons for 24 batches, or -2% of the 1165 batches. These statistics are shown in 
tabular form below. 

SBS Condensate Volume 
Number of Batches Percentage of Batches 

Below Volume Below Volume 

Total waste volume, 117,500 gallons 266 batches 23 % 

In-facility tank volume, 62,500 gallons 24 batches 2% 

The lowest waste volume in Figures 4-1 and 4-2, which corresponds to the Case 2 worst-case batch, is - 23,200 
gallons. For those batches where the waste volume shown in Figures 4-1 and 4-2 is between 62,500 and 117,500 
gallons, the inventory of filled shipping containers at the facility would have to be administratively limited to remain 
below Hazard Category 3. For those batches where the waste volume shown in Figures 4-1 and 4-2 is less than 
62,500 gallons, the waste volume in the in-facility tanks would have to be reduced to remain below Hazard Category 
3. 
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Table 4-1. SBS Condensate Composition. 

Radionuclide 
Average Feed Average Feed at Worst-Case Batch Worst-Case Batch at 

(CilLl Class A Limits (CilLl (CilLl Class A Limits (CilLl 
106-Ru 1.86E-14 U2E-13 S03E-IS 1.20E-17 
113m-Cd 2.3 IE-OS 1.39E-07 3.26E-07 4.S9E-07 
12S-Sb S.07E-OS 304E-07 90SE-OS 1.36E-07 
126-Sn S.64E-09 3.3SE-OS S.97E-OS S.96E-OS 
129-1 6.32E-OS 3.79E-07 6.23E-07 9.3SE-07 
134-Cs U6E-12 6.96E-12 2.23E-11 3.3SE-11 
137-Cs 3.37E-06 202E-OS 2.47E-OS 3.71E-OS 
137m-Ba 3.19E-06 1.9IE-OS 2.33E-OS 3.S0E-OS 
14-C O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
ISI-Sm 9.4IE-06 S.6SE-OS I.3SE-04 203E-04 
IS2-Eu 9.42E-1O S.6SE-09 9.SSE-09 1.43E-OS 
IS4-Eu USE-OS 70SE-OS S.39E-OS 1.26E-07 
ISS-Eu 3.26E-09 1.96E-OS S.20E-OS 7.S0E-OS 
226-Ra 4.36E-12 2.62E-11 4.42E-11 6.63E-11 
227-Ac 3.34E-12 200E-11 2.ISE-1O 3.23E-1O 
22S-Ra 1.86E-1O U2E-09 4.S9E-12 7.34E-12 
229-Th 2.6SE-12 1.59E-11 6.78E-13 I.02E-12 
231-Pa 4.62E-11 2.77E-1O I. 78E-09 2.67E-09 
232-Th 60SE-12 3.63E-11 1.30E-12 1.9SE-12 
232-U I.OSE-II 6.4SE-11 2.SSE-11 4.32E-11 
233-U 7.S6E-1O 4.S4E-09 2.64E-09 3.96E-09 
234-U 3.3SE-1O 203E-09 3.73E-09 S.60E-09 
23S-U 1.39E-11 S.34E-11 1.47E-1O 2.21E-1O 
236-U UOE-II 6.60E-11 I. 94E-1O 29IE-1O 
237-Np S.4SE-1O 3.29E-09 4.37E-09 6.S6E-09 
23S-Pu I.4SE-09 S.SSE-09 2.14E-09 3.21E-09 
23S-U 3.ISE-1O 1.89E-09 300E-09 4.SOE-09 
239-Pu 2.90E-OS 1.74E-07 1.32E-OS 1.9SE-OS 
240-Pu 6.2SE-09 3.77E-OS 7.SSE-09 U4E-OS 
241-Am 1.49E-07 S.94E-07 1.24E-OS 1.86E-OS 
241-Pu 2.43E-OS 1.46E-07 3.78E-OS S.67E-OS 
242-Cm 3.14E-1O I.8SE-09 209E-11 3.14E-11 
242-Pu 4.9SE-13 2.99E-12 6.60E-13 9.90E-13 
243-Am 1.56E-1O 9.36E-1O 1.36E-11 204E-11 
243-Cm 203E-11 I. 22E-1O 902E-13 I.3SE-12 
244-Cm 3.41E-1O 20SE-09 1.66E-11 2.49E-11 
3-H O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
S9-Ni 60SE-09 3.6SE-OS I.2IE-OS 1.82E-OS 
60-Co I. 69E-09 I.OIE-OS 2.01E-OS 302E-OS 
63-Ni 4.43E-07 2.66E-06 I.OIE-06 1.52E-06 
79-Se 9.SIE-OS S.71E-07 1.52E-07 2.2SE-07 
90-Sr 1.30E-06 7.S0E-06 3.4SE-06 S.ISE-06 
90-Y 1.30E-06 7.S0E-06 3.4SE-06 S.ISE-06 
93-Zr I.OIE-09 606E-09 200E-OS 300E-OS 
93m-Nb 4.27E-OS 2.S6E-07 S.SIE-07 1.32E-06 
99-Tc 4.3SE-OS 2.6IE-04 I. 78E-04 2.67E-04 
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Table 4 2 Concentration Factor -

Radionuclide Average Feed (Ci/L) Class A, Table 1 Limit Table 1 Fraction 
(CilLl 

14-C O.OOE+OO O.OOOS 000000 
99-Tc 4.35E-05 0.0003 IA5E-01 
129-1 6.32E-OS O.OOOOOS 7.90E-03 
237-Np 5ASE-1O 1.00E-05 * 1.87E-02 
23S-Pu I ASE-09 
239-Pu 2.90E-OS 
240-Pu 6.2SE-09 
241-Am IA9E-07 
242-Pu 4.9SE-13 
243-Am 1.56E-1O 
243-Cm 203E-11 
244-Cm 3AIE-1O 
241-Pu 2A3E-OS 3.50E-04 6.94E-05 
242-Cm 3.14E-1O 200E-03 1.57E-07 

Sum-of-Fractions 0.172 
Concentration Factor (I/Sum-of-Fractions) 5.SI 

Rounded Concentration Factor 6.0 
* composIte hmlt for alpha-emltlmg radlOnuchdes wIth a half-hfe greater than 5 years. 

Table 4 3 Waste Volumes -

Alternative Tank Tank Volume Total 
Feed 2 x 31,250 gal 62,500 gal 

I 
Incoming/Outgoing Shipping 7 day x 7500 gal/day ~ 52,500 gal ~ 55,000 gal * 55,000 gal 

Total 
117,500 gal 

445,000 L 
Feed 3x IS,750gal 56,250 gal 
Concentrate 2x1S,750gal 37,500 gal 

2 and 3 
Incoming Shipping 7 day x 7500 gal/day - 52,500 gal ~ 55,000 gal * 55,000 gal 
Outgoing Shipping 7 day x 7500 gal/day ~ 52,500 gal ~ 55,000 gal * 55,000 gal 

Total 
203,750 gal 

771,000 L 
* rounded up to an even mcrement of 5000 gallons, the antIcIpated shIppmg contamer volume. 
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Table 4-4. Hazard Cate~ory Threshold Values. 

Radionuclide Hazard Category 3 
Threshold (Ci\ 

Hazard Category 2 
Threshold (Ci\ 

106-Ru 100E+02 6.5E+03 
113m-Cd 1.18E+01 N/A 
125-Sb 1.20E+03 N/A 
126-Sn 1.70E+02 3.3E+05 
129-1 600E-02 N/A 
134-Cs 4.20E+01 60E+04 
137-Cs 600E+01 8.9E+04 
137m-Ba N/A N/A 
14-C 4.20E+02 IAE+06 
151-Sm 100E+03 9.9E+05 
I 52-Eu 200E+02 I.3E+05 
I 54-Eu 200E+02 I.IE+05 
155-Eu 9AOE+02 7.3E+05 
226-Ra 1.20E+01 N/A 
227-Ac 4.20E-02 4.3E+00 
228-Ra 1.20E+01 N/A 
229-Th 9AOE-02 N/A 
231-Pa 200E-01 N/A 
232-Th 100E-01 I.8E+OI 
232-U 8.20E-01 N/A 
233-U 4.20E+00 2.2E+02 
234-U 4.20E+00 2.2E+02 
235-U 4.20E+00 2AE+02 
236-U 4.20E+00 N/A 
237-Np 4.20E-01 5.8E+01 
238-Pu 6.20E-01 6.2E+01 
238-U 4.20E+00 2AE+02 
239-Pu 5.20E-01 5.6E+01 
240-Pu 5.20E-01 N/A 
241-Am 5.20E-01 5.5E+01 
241-Pu 3.20E+01 2.9E+03 
242-Cm 3.20E+01 I.7E+03 
242-Pu 6.20E-01 N/A 
243-Am 5.20E-01 5.5E+01 
243-Cm 8.20E-01 N/A 
244-Cm 104E+OO N/A 
3-H I 66E+04 30E+05 
59-Ni 1.18E+04 N/A 
60-Co 2.80E+02 19E+05 
63-Ni 5 AOE+03 4.5E+06 
79-Se 3.60E+02 N/A 
90-Sr 160E+01 2.2E+04 
90-Y IA2E+03 N/A 
93-Zr 6.20E+01 8.9E+04 
93m-Nb 200E+03 N/A 
99-Tc 1.70E+03 3.8E+06 
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Table 4-5. Alternative 1, Case 1 Hazard Cate~ory Sum-of-Fractions. 
Radionuclide Inventorv (Ci) Cateeorv 3 Threshold Fraction Cateeorv 2 Threshold Fraction 

106-Ru 4.9SE-OS 4.9SE-1O 7.66E-12 
113m-Cd 6.19E-02 S.2SE-03 N/A 
12S-Sb I.3SE-OI 1.13E-04 N/A 
126-Sn 1.50E-02 S.S2E-OS 4.SSE-OS 
129-1 1.69E-01 2.S2E+00 N/A 
134-Cs 3.IOE-06 7.3SE-OS S.I7E-11 
137-Cs S.99E+00 1.50E-01 1.01E-04 
137m-Ba S.SOE+OO N/A N/A 
14-C O.OOE+OO O.OOE+OO O.OOE+OO 
ISI-Sm 2.SIE+01 2.SIE-02 2.S4E-OS 
IS2-Eu 2.SIE-03 1.26E-OS 1.93E-OS 
IS4-Eu 3.ISE-02 I.5SE-04 2.S6E-07 
ISS-Eu S.72E-03 9.2SE-06 1.19E-OS 
226-Ra 1.17E-OS 9.7SE-07 N/A 
227-Ac S.90E-06 2.12E-04 2.07E-06 
22S-Ra 4.9SE-04 4.ISE-OS N/A 
229-Th 70SE-06 7.S3E-OS N/A 
231-Pa 1.23E-04 6.ISE-04 N/A 
232-Th 1.62E-OS 1.62E-04 900E-07 
232-U 2.SSE-OS 3.SIE-OS N/A 
233-U 202E-03 4.SIE-04 9. I SE-06 
234-U 903E-04 2.ISE-04 4.IOE-06 
23S-U 3.71E-OS S.S3E-06 I.5SE-07 
236-U 2.94E-OS 700E-06 N/A 
237-Np 1.46E-03 3.4SE-03 2.S2E-OS 
23S-Pu 3.9SE-03 6.37E-03 6.37E-OS 
23S-U S.4IE-04 200E-04 3.S0E-06 
239-Pu 7.74E-02 1.49E-01 I.3SE-03 
240-Pu 1.6SE-02 3.23E-02 N/A 
241-Am 3.9SE-01 7.6SE-01 7.24E-03 
241-Pu 6.S0E-02 203E-03 2.24E-OS 
242-Cm S.37E-04 2.62E-OS 4.92E-07 
242-Pu 1.33E-06 2.ISE-06 N/A 
243-Am 4.17E-04 S02E-04 7.SSE-06 
243-Cm S.43E-OS 6.62E-OS N/A 
244-Cm 9.12E-04 S.77E-04 N/A 
3-H O.OOE+OO O.OOE+OO O.OOE+OO 
S9-Ni 1.62E-02 1.37E-06 N/A 
60-Co 4.49E-03 1.60E-OS 2.36E-OS 
63-Ni I.ISE+OO 2.19E-04 2.62E-07 
79-Se 2.S4E-01 706E-04 N/A 
90-Sr 3.47E+00 2.17E-01 I.5SE-04 
90-Y 3.47E+00 2.44E-03 N/A 
93-Zr 2.70E-03 4.3SE-OS 303E-OS 
93m-Nb 1.14E-01 S.70E-OS N/A 
99-Tc 1.16E+02 6.S2E-02 30SE-OS 

Sum-of-Fractions 4.3 9.1E-03 
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Table 4-6. Alternative 1, Case 2 Hazard Cate~ory Sum-of-Fractions. 
Radionuclide Inventorv (Ci) Cateeorv 3 Threshold Fraction Cateeorv 2 Threshold Fraction 

106-Ru 3.S7E-12 3.S7E-14 S.49E-16 
113m-Cd I.4SE-OI U3E-02 N/A 
12S-Sb 403E-02 336E-OS N/A 
126-Sn 2.66E-02 1.56E-04 S06E-OS 
129-1 2.77E-01 4.62E+00 N/A 
134-Cs 9.92E-06 236E-07 1.6SE-1O 
137-Cs 1.I0E+01 1.83E-01 U4E-04 
137m-Ba 1.04E+01 N/A N/A 
14-C O.OOE+OO O.OOE+OO O.OOE+OO 
ISI-Sm 601E+01 601E-02 6.07E-OS 
IS2-Eu 4.2SE-03 2.I3E-OS 3.27E-OS 
IS4-Eu 3.73E-02 1.87E-04 339E-07 
ISS-Eu 2.31E-02 2.46E-OS 3.16E-OS 
226-Ra 1.97E-OS 1.64E-06 N/A 
227-Ac 9.S7E-OS 2.2SE-03 2.23E-OS 
22S-Ra 2. I SE-06 1.82E-07 N/A 
229-Th 302E-07 3.21E-06 N/A 
231-Pa 7.92E-04 396E-03 N/A 
232-Th S.79E-07 S.79E-06 3.22E-OS 
232-U USE-OS 1.56E-OS N/A 
233-U 1.17E-03 2.79E-04 S.32E-06 
234-U 1.66E-03 3.9SE-04 7.SSE-06 
23S-U 6.S4E-OS 1.56E-OS 2.73E-07 
236-U S.63E-OS 20SE-OS N/A 
237-Np 1.94E-03 4.62E-03 334E-OS 
23S-Pu 9.S2E-04 1.54E-03 1.54E-OS 
23S-U 1.34E-03 3.19E-04 S.SSE-06 
239-Pu S.S7E-03 1.13E-02 1.0SE-04 
240-Pu 337E-03 6.4SE-03 N/A 
241-Am S.S2E-03 1.06E-02 1.00E-04 
241-Pu 1.6SE-02 S.2SE-04 S.79E-06 
242-Cm 9.30E-06 2.91E-07 S.47E-09 
242-Pu 2.94E-07 4.74E-07 N/A 
243-Am 60SE-06 1.16E-OS 1.I0E-07 
243-Cm 401E-07 4.S9E-07 N/A 
244-Cm 7.39E-06 7.11E-06 N/A 
3-H O.OOE+OO O.OOE+OO O.OOE+OO 
S9-Ni S.3SE-03 4.S6E-07 N/A 
60-Co S.94E-03 3.19E-OS 4.71E-OS 
63-Ni 4.49E-01 S.3IE-OS 9.9SE-OS 
79-Se 6.76E-02 I.8SE-04 N/A 
90-Sr 1.54E+00 9.63E-02 700E-OS 
90-Y 1.54E+00 1.0SE-03 N/A 
93-Zr S.90E-03 1.44E-04 1.00E-07 
93m-Nb 3.92E-01 1.96E-04 N/A 
99-Tc 7. 92E+O I 4.66E-02 20SE-OS 

Sum-of-Fractions S.I S.SE-04 
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Table 4-7. Alternatives 2 and 3, Case 1 Hazard Cate~ory Sum-of-Fractions. 
Radionuclide Inventorv (Ci) Cateeorv 3 Threshold Fraction Cateeorv 2 Threshold Fraction 

106-Ru S.64E-OS S.64E-1O 1.33E-11 
113m-Cd 107E-01 907E-03 N/A 
12S-Sb 2.34E-01 19SE-04 N/A 
126-Sn 2.61E-02 1.54E-04 7.9IE-OS 
129-1 2.92E-01 4.S7E+00 N/A 
134-Cs S.37E-06 USE-07 S.9SE-11 
137-Cs 1.56E+01 2.60E-01 I.7SE-04 
137m-Ba 1.47E+01 N/A N/A 
14-C O.OOE+OO O.OOE+OO O.OOE+OO 
ISI-Sm 4.36E+01 4.36E-02 4.40E-OS 
IS2-Eu 4.36E-03 2. I SE-OS 3.3SE-OS 
IS4-Eu S.46E-02 2.73E-04 4.96E-07 
ISS-Eu 1.51E-02 161E-OS 2.07E-OS 
226-Ra 202E-OS 16SE-06 N/A 
227-Ac 1.54E-OS 3.67E-04 3.SSE-06 
22S-Ra S.64E-04 7.20E-OS N/A 
229-Th U3E-OS 1.31E-04 N/A 
231-Pa 2.14E-04 107E-03 N/A 
232-Th 2.S0E-OS 2.S0E-04 1.56E-06 
232-U S.OOE-OS 6.IOE-OS N/A 
233-U 3.S0E-03 S.33E-04 1.59E-OS 
234-U 1.57E-03 3.74E-04 7.14E-06 
23S-U 6.43E-OS 1.53E-OS 2.6SE-07 
236-U S.09E-OS UIE-OS N/A 
237-Np 2.S4E-03 60SE-03 4.3SE-OS 
23S-Pu 6.SSE-03 UOE-02 UOE-04 
23S-U 1.46E-03 3.4SE-04 60SE-06 
239-Pu 1.34E-01 2.SSE-01 2.39E-03 
240-Pu 2.91E-02 S.60E-02 N/A 
241-Am 6.S9E-01 1.33E+00 USE-02 
241-Pu U3E-01 3.S3E-03 390E-OS 
242-Cm I.4SE-03 4.S3E-OS S.S3E-07 
242-Pu 2.31E-06 3.73E-06 N/A 
243-Am 7.22E-04 1.39E-03 1.3 IE-OS 
243-Cm 9.4IE-OS USE-04 N/A 
244-Cm I.5SE-03 1.52E-03 N/A 
3-H O.OOE+OO O.OOE+OO O.OOE+OO 
S9-Ni 2.SIE-02 2.3SE-06 N/A 
60-Co 7.79E-03 2.78E-OS 4.IOE-OS 
63-Ni 20SE+00 3.S0E-04 4.S6E-07 
79-Se 4.40E-01 I 22E-03 N/A 
90-Sr 601E+00 3.76E-01 2.73E-04 
90-Y 601E+00 4.23E-03 N/A 
93-Zr 4.67E-03 7.S3E-OS S.2SE-OS 
93m-Nb 197E-01 9.SSE-OS N/A 
99-Tc 201E+02 USE-OI S.29E-OS 

Sum-of-Fractions 7.4 16E-02 
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Table 4-8. Alternatives 2 and 3, Case 2 Hazard Cate~ory Sum-of-Fractions. 
Radionuclide Inventorv (Ci) Cateeorv 3 Threshold Fraction Cateeorv 2 Threshold Fraction 

106-Ru 9.2SE-12 9.2SE-14 IA2E-IS 
113m-Cd 3.77E-01 3.19E-02 N/A 
12S-Sb 10SE-01 8.7SE-OS N/A 
126-Sn 6.91E-02 406E-04 209E-07 
129-1 7.21E-01 1.20E+01 N/A 
134-Cs 2.S8E-OS 6.14E-07 4.30E-1O 
137-Cs 2.86E+01 4.77E-01 3.21E-04 
137m-Ba 2.70E+01 N/A N/A 
14-C O.OOE+OO O.OOE+OO O.OOE+OO 
ISI-Sm IS7E+02 1.57E-01 1.59E-04 
IS2-Eu 1.I0E-02 S.SOE-OS 8A6E-08 
IS4-Eu 9.71E-02 4.86E-04 8.83E-07 
ISS-Eu 601E-02 6.39E-OS 8.23E-08 
226-Ra S.IIE-OS 4.26E-06 N/A 
227-Ac 2A9E-04 S.93E-03 S.79E-OS 

228-Ra S.66E-06 4.72E-07 N/A 
229-Th 7.86E-07 8.36E-06 N/A 
231-Pa 206E-03 I03E-02 N/A 
232-Th 1.50E-06 1.50E-OS 8.33E-08 
232-U 3.33E-OS 406E-OS N/A 
233-U 30SE-03 7.26E-04 1.39E-OS 
234-U 4.32E-03 I03E-03 196E-OS 
23S-U 1.70E-04 40SE-OS 708E-07 
236-U 2.24E-04 S.33E-OS N/A 
237-Np S.06E-03 1.20E-02 8.72E-OS 
238-Pu 2A7E-03 3.98E-03 3.98E-OS 
238-U 3A7E-03 8.26E-04 lASE-OS 

239-Pu 1.53E-02 2.94E-02 2.73E-04 
240-Pu 8.79E-03 169E-02 N/A 
241-Am IA3E-02 2.7SE-02 2.60E-04 
241-Pu 4.37E-02 1.37E-03 1.5 IE-OS 
242-Cm 2A2E-OS 7.S6E-07 IA2E-08 
242-Pu 7.63E-07 1.23E-06 N/A 
243-Am 1.57E-OS 302E-OS 2.8SE-07 
243-Cm 104E-06 1.27E-06 N/A 
244-Cm 192E-OS USE-OS N/A 
3-H O.OOE+OO O.OOE+OO O.OOE+OO 
S9-Ni I AOE-02 1.19E-06 N/A 
60-Co 2.33E-02 8.32E-OS 1.23E-07 
63-Ni II7E+OO 2.I7E-04 2.60E-07 
79-Se 1.76E-01 4.89E-04 N/A 
90-Sr 3.99E+00 2A9E-01 UIE-04 
90-Y 3.99E+00 2. 8 1E-03 N/A 
93-Zr 2.31E-02 3.73E-04 2.60E-07 
93m-Nb 102E+00 S.IOE-04 N/A 
99-Tc 206E+02 1.21E-01 SA2E-OS 

Sum-of-Fractions 13.2 I.5E-03 
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Figure 4-1. Waste Volume to Reach Hazard Category 3 Threshold Over Entire 25-Year Mission. 
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Figure 4-2. Waste Volume to Reach Hazard Category 3 Threshold for First Third of 25-Year Mission. 
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5.0 Use of Computer Software 

None. 

6.0 Results 

Table 6-1 summarizes the hazard category threshold sum-of-fractions calculated in Section 4.0. 

a e - zar T bl 61 Ha d C ategory res 0 Th h Id S fF um-o - ractlOns S ummary. 
Alternative Case Hazard Category 3 Hazard Category 2 

Threshold Threshold 
Sum-of-Fractions Sum-of-Fractions 

I 
I. Concentrated Average Feed 4.3 9.1E-03 
2. Unconcentrated Worst-Case Batch 5.1 5.SE-04 

2 and 3 
I. Concentrated Average Feed 7.4 1.6E-02 
2. Concentrated Worst-Case Batch 13.2 I.5E-03 

The Hazard Category 3 threshold sum-of-fractions are greater than one and the Hazard Category 2 threshold sum-of­
fractions are less than one. Therefore, all of the process alternatives would be classified as Hazard Category 3 
facilities. 

The Alternative I cases are based on a total waste volume of 117,500 gallons. The Alternative I process could stay 
below Hazard Category 3 by restricting the total waste volume inventory in the first third of the 25-year mission, to 
as low as 23,200 gallons. Refer to Section 4.6 for additional information. 

7.0 Conclusions 

All three process alternatives would be classified as Hazard Category 3 facilities and are well below the Hazard 
Category 2 threshold. 
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Attachment A. Process Flow Diagram from SVF-2440, SBS Disposal PreConcept Alis. 
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