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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-015, 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-52321, 2012, Submerged Bed Scrubber Condensate Disposal Preconceptual
Engineering Study, Rev. 00, 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: ALM-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

e Design Input

e Basic Assumption

e Approach/Design Methodology

e Consistency with item or document supported by the calculation
e Conclusion/Results Interpretation

e Impact on existing requirements

Reviewer (printed name, signature, and date) P. E. Peistrup
.
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Organizational Manager (printed name, signature, and date) Martin Wheeler
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Calculation Note and

Peer Review End Use: Pre-conceptual Design

Project: WRPS 48504 Line Item 2-SBS Direct Disposal Sheet 10f9
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Discipline: Process Contract No: WRPS 48504 Line Item 2
Structure or System: NA 'Reserved it ;

Subject: Alternative 1 Equipment Sizing Estimates

Completed by: G. R. Golcar Qu:/{/: U Date  06/19/2012
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Checked by: R. Lokken@ﬂd Date  06/19/2012

SO WA
Approved by (LDENWHS#! G. Dunford ﬂ&_) U L/ Date 5,/27/(1_
TN\

Distribution: NA
Reason for 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-1, 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-1 is the SBS condensate transferred 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 of 7500 gallons per operating day for the SBS condensate flow rate
at peak generation documented in SVF-2440 SBS Disposal PreConcept Alts. as the basis for sizing.

The results of the sizing calculations are:

e A maximum of 65,600 gallons (rounded) tank volume size faor each tank in a two tank storage
configuration is required

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

The reduced storage tank system feed receipt and blending tanks are sized for blending off-normal SBS
condensate and storage for the sampling analysis to comply with the waste acceptance criteria.

Design Basis:
The Alternative-1 SBS condensate feed throughput documented in SVF-2440 Rev 0 at 7500 gallon per day.

File: AEM-WRPS-2012-CN-012 Rev 0
A-2
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1.0 Objective/Purpose

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

of the Submerged Bed Scrubber (SBS) condensate from the WTP AW Vitrification facility. The objective of this
calculation 1s to estimate the size of major equipment pieces for the configuration associated with the
Alternative-1, which transfers the " As Generated” SBS condensate directly to the disposal site. In addition, the
ammual sample load 1s estimated. Alternative-1 contains feed receipt and blending tanks to meet the feed storage
capacity for an assumed holding period prior to shipment to an off site disposal site. The process stream for
Alternative-1 13 SBS condensate transferred mn 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 i ISO tanks used for transferring the liquad 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 Alternative-1 configuration. SBS condensate from the WTP vessel
RLD-VSL-000035 is received at the waste transfer facility in the TSO tanks. An RC sample from the RLD-VSL-000035
before loading [SO 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 1s
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

o  The WTP vessel RLD-V3L-00005 SBS condensate output 1s used as the mput feed stream to the Alternative-1
evaluation.

e The analysis uses the throughput documented in SVF-2440, SBS Disposal PreConcept Alts. 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 peal: generation). This rate is defined as “DesignRateStream1” in
the calculation described in Section 4.0, and is referred to as “Stream]1, SBS feed condensate™ in SVF-2440
(Eqpt DesignAlt-1 worksheet).

s  The mission average daily rate at 4540.6 gal/day described in SVF-2440 (worksheet Mission Avg-Alt 1) 1s used
to calculate the mmimum sampling load required for RC sampling analysis performed at WTP on the
RLD-VSL-00005 content prior to transferring the waste in TSO tanks.

° The batch volume of 16,000 gallons for vessel RLID-VSL-00005 described in 24590-WTP-RPT-PT-02-005,

Flowsheet Bases, Assumptions, and Reguirements, Rev 6, page B-4 is used to estimate the minimum annual
sampling load for Alternative-1configuration (see Figure 1 for RC sampling point).

File: AEM-WRPS-2012-CN-012 Rev 0.xmed
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e  Equipment sizing is based on a peak processing rate such that operating efficiency adjustments are not
required (overall Total Operating Efficiency (TOE) of 100%).

e  An IS0 tank is used to transfer SBS condensate from the WTP to the Waste Transfer Building (WTB). The
IS0 tanks provide additional storage capacity at the WIB, and are used for transportation of SBS
condensate to a licensed commercial disposal site (see Figure 1).

Input Calculation Constants:

Facility Design Basis :
Overall Operating Efficiency:

Days per year:

Input Feed Volumetric Flow Rate at Peale Generation:

WTP
RLD-VYSL-00005

IS0 L

Transferto WTB

PcS = Process Control Sample
RC = Record Confrol Sample
WAC = Waste Acceptance Criteria
WTB = Waste Transfer Building

DesignRategy o,y = 7200
TOE:=1

Days := 365

QFeedin = 770

RC

i i e 1O

1
1 Tank1 11
I

| I
Tank2 1 : Lab

Yes
Meet WAC? ¥
| IS0 1
L ]

IS0

WIB Lag Storage System

Figure 1 Alternative-1 Configuration and Sampling

File: AEM-WRPS-2012-CN-012 Rev 0.xmed
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3.0 Assumptions
For Alternative-1 the following assumptions apply:

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

2. Atwo day Record Control (RC) sample analysis turnaround 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-04-0001,
Tntegrated Sampling and Analysis Regquirements Document (ISARD) , which characterized waste transfers
from RLID-TK-0006A/B for comparison with the Liquid Effluent Retention Facility/Effluent Treatment Facility
WAC, and 1s assumed similar to sample requirements for this application. The RC sampling 1s performed on
the SBS condensate vessel batches transferred from the WTP and stored in TSO 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 assumed allocation for poor
weather condition along transport routes. This logic implicitly meludes the two-day hold time for tank
sampling analysis turnaround prior to loading condensate for transport.

4. TIn order to meet seven day criteria needed as the basis for the tank storage capacity, it is assumed a
combination of ISO tanks and the feed receipt and blending tanks can be used to satisfy the storage period.

A design margin of R0% volumetric fill capacity 1s used to estumate the two feed storage tanks volumes as an
enabling assumption

6. The feed receipt and blending storage tanks are assumed to be cylindrical, above ground vessels.

7. A1:1 aspect ratio for each tank diameter and height 1s used as an enabling assumption.

Assumption Calculation Constants:

Hold time before Transfer: toldMax = 7 day
Design Margin of Tank Volume Filled by Feed: FiHDM — 0.8
Tank Height to Diameter Aspect Ratio: AR =1 Dimensionless

4.0 Method of Analysis

This calculation begins by constructing the Alternative-1 configuration and sampling schematic shown in
Figure 1. The seven days of storage and the design throughput of 7500 gallons per operating day for the SBS
condensate flow rate, at peak generation, are used as the sizing basis. These inputs calculate the maximum
storage capacity required for the Alternative-1 configuration using a system of two storage tanks. The peak
generation rate provides a conservative margin in sizing. The calculated maximum storage capacity 1s then
applied as the basis to estimate a reduced storage tank volume, when it is assumed 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 maximum nmumber 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 0.xmed
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Storage Vessel Sizing:

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

Maximum 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 80% full. The two storage tank system 1s arranged such that one tank 1s 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 1s calculated.

Number of Lag Storage Tanks: Numyp = 2 Tanks Configuration
Hold Time before Transfer for Two lag Storage System: tHold2T = HoldMax

Feed Volume per Storage Tank: V2TFee 4= QFee dintHold2 T

Vo TFeed = 92500 gal Feed/ Storage Tank
Design Margin of Tank Volume Filled by Feed: FiHDM =08
. . V2TFeed
Actual Tank Volume to achieve 80% Storage Capacity: VoTgize = ———
Fill
DM
VaTgize = 65625 gallons Capacity/ Storage Tank
or
Viyppeq o 255128 Vsiing = 8773 i
2TH3 "™ "5 4805 2THf3 —

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

Tank Height to Diameter Aspect Ratio: AR =1
1
V
Storage Tank Diameter: Doy = 2 Dop =224 ft
= |aR
4
Storage Tank Height: Hayp := Dyp-AR Hop =224 ft

Reduced Size Based on Allocating Storage to ISO Tanks:

The volume of the feed receipt and blend tank in the lag storage configuration can be reduced when a portion of
the storage requirement 1s allocated to ISO tanks. Assummg at least twelve ISO tank storage positions are
available to support lag storage system volume for 7 days of storage, which is assigned between a reduced tank

File: AEM-WRPS-2012-CN-012 Rev 0.xmed
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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 n equivalent numbers of ISO tank is determined.

Volume of an ISO Tank: VISO Tank = 5000 gallons/ TSO Tank

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

v VoTFeed
FeedEQISO =
Q VISO. Tank

VFeedEQISO =105 Equivalent ISO Tanks

The reduced tank sizing 1s sumplified by assigning tank storage volume equivalent to integer numbers of 150
tanks volume.

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

NISOTank = 3 ISO Tanks/ Tank Capacity

Reduced Feed Volume per Storage Tank: VoTReduced = YISO Tank MSOTark

V2TR6 = 25000 gal Feed/ Storage Tank

Design Margm of Tank Volume Filled by Feed: Fillpyp g = 0.8
Tank Volume to achieve 80% St & ity: i V2TReduced
o Slotage Lapacity: VaTReducedSize = m

VoTReducedSize = 31250 gallons Capacity/ Storage Tank
or
VaTReducedSize
VaTReducedf3 = T 74805
VoTReducedft3 = 4178 ft3

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

Tank Height to Diameter Aspect Ratio; AR=1
1
3
Storage Tank Reduced Diameter: . VoTReducedft3
DrTReduced = - DoTReduced = 175 f
[—)AR
Sterage Tank Reduced Height: HyTReduced = P2TReduced AR HyTReduced = 175 ft

File: AEM-WRPS-2012-CN-012 Rev 0.xmed
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Remaming Volume of SBS condensate allocated to ISO Tanks:

VFeedinISO = Y2TFeed ~ Y2TReduced

VieedinIso = 27500 gal of 3BS Condensate allocated to 13O tanks

Number of TSO Tanks Needed to Add to the Reduced Tank Storage:

VFeedinISO
NISOTankNeed = & —
ISO . Tank

N1SOTankNeed = -3 Number of ISO Tanks for balance SBS condensate

RoundN 5o TankNeed = OUd(NISOTankNeed)

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

RoundNyg T anicNeed = © IS0 tanks/ Reduced Storage Tank

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

NISOT arkFull = NISOTa o d.Nusz ISO tanks/ Reduced Two Storage Tank Configuration

NSO TankFull = 11 IS0 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 the content to an ISO tank for transport to the 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 minimum RC sampling load. The minimum is based on no additional RC
samples at the WTB. The maximum number of RC samples is estimated when enocugh SBS condensate batches
receved 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.

Minimum Record Control Sampling Toad:

Mission Average Daily Rate: QMission g1 = 43406 gal /day

RLD-VSL-00005 Batch Volume: Vs 00005 = 16000 gallons

File: AEM-WRPS-2012-CN-012 Rev 0.xmed
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QMission. S1 -Days

Number of RC Samples per Year per Vessel RLD-V SL-00005 RCSampleyer o005 =
: Vv
VSL.00005

RoundRCSampleyyqr o005 = round(RCSampleVSL_OOOOS)

RoundRCSampley;or o5 = 104 Alternative-1 Mimimum Samples/ yr

Maximum Record Control Sampling Load:

Number of RC Samples per Year per Reduced Two Storage Tank System :
QFeedin"Days

RCSamplesyp i:= ——m
et VQTReduced

RoundRCSamples = round(RCSamplezT)
RoundRCSampleyp = 110 Samples/ yr

Maximum Number Number of RC Samples for Alternative-1 Configuration:

Altlyg axRCSamples = 214 Alternative-1 Maximum Samples/ yr

5.0 Use of Computer Software

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

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

VoTgize = 65625 gallons/ Storage Tank

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

V2TRe W 31250 gallons/ Reduced Size Storage Tank

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

DaTReduced = 172 ft and HoTReduced = 17-3

Minimum Record Control Sampling Load:

Maximum Record Control Sampling Load:

AmMaXRCSamples =214 RC Samples/ yr

File: AEM-WRPS-2012-CN-012 Rev 0.xmed
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7.0 Conclusions

The Alternative-1 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 i a two lag storage configuration 1s 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.
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Problem Statement:

Determine equipment sizes to support evaluation of Alternative-2 configuration. The subject equipment is: a) feed
staging tanks, b) Wiped Film evaporator (WFE), ¢) 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
helding period prior to transferring the WFE concentrate for offsite disposal and shipment of the WFE condensate
to the effluent treatment facility (ETF).

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,

e  WFE Concentrate tank at 80% Storage capacity is 14616 gallons per WFE Concentrate storage tank.
IT) 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* of heat transfer area, operating in
parallel configuration were determined.
III) The total condenser heat transfer area is calculated 1o be 1256 -ft based on the overall heat transfer rate of
2,157,269.1- BTU/hr 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 of [SO
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/yr.

Design Basis: The Alternative-2 feed throughput documented in SVF-2440 Rev 0 at 7500 gallon per day.
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1.0 Objective/Purpose

A pre-conceptual engineering study 1s being developed to compare three alternative configurations for disposal

of the Submerged Bed Scrubber (SBS) condensate from the WTP AW Vitrification facility. The objective of this
calculation 1s to estimate the size of major equipment pieces for the configuration associated with the
Alternative-2, which transfers SBS condensate to the disposal site after concentration. In addition, the ammual
sample load is estimated. A Wiped Film evaporator (WFE) is used for the concentration process. The subject
equipment in Alternative-2 are: a) feed staging tanks, b) Wiped Film evaporator, ¢) WFE condensate storage
tanks, d) WFE concentrate tanks, and e) heat exchanger to condense WFE overhead vapor. The equipment are
sized to satisfy an mput throughput rate, and an assumed holding period prior to shipment to an off site disposal
site. The turnaround 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 1s process control sampled (PeS) and received at the waste transfer facility m 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 1s evaporated by a WFE and the resulting WFE condensate and WFE concentrate are RC sampled.
WFE 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

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

e  The analysis uses the throughput documented in SVF-2440, SBS Disposal PreConcept Alts. 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.

e  Equipment sizing 1s based on a peak processing rate such that operating efficiency adjustments are not
required (overall Total Operating Efficiency (TOE) of 100%0).

e  AnISO 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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File:
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ETF = Effluent Treatment Facility
PeS = Process Control Sample
RC =Record Control Sample
WAC =Waste Acceptance Criteria
WTB =Waste Transfer Building

WTB Concentration System

Figure 1 Alternative-2 Configuration and Sampling

The Wiped Film Evaporator size is based on experimental WFE condensate generation rates using an Artisan
Rototherm® horizontal thin film evaporator containing 50 square feet of heat transfer area. The WFE testing
was conducted using AN-105 liquid sumulant and documented in RPP-RPT-47443, Wiped Film Evaporator
Full- Scale Demounstration System Test Report. The WFE condensate rates are shown in Table 1, as reported
m Table 6-1 of RPP-RPT-47443.

The “Stream 8 WFE Condensate” of the SVF-2440 Eqpt DesignAlt-2 worksheet at 4.05 gpm 1s used to size
WFE condensate storage vessels. The WFE 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 1s the basis for the
WEFE 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 BTU/hr. Tt condenses the overhead WFE water vapor at 125 °F to liquid water at
82 °F and 1s used to determine heat exchanger/s heat transfer area.
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Table 1 Experimental Average Condensate Production Rate (RPP-RPT-47443, Rev 0, Table 6-1)

Average
WEE Average
Average | Operating | Average Feed Condensate
Feed Pressure | Steam Ending FT-401
Rate [DPT-305] | Pressure Feed Starting Temp Flow Rate
Test | [UT-001] torr [PT502] | Feed Starting | Temp [UT-001] | Feed Ending SpG | [UT-001] (gal/min)

Run | (gpm) absolute (psig) | SpG [UT-001] (°F) [CT-001] (°F) [Ib/hr]
1 8.6 110 24 1.17 77 1.23 1164 2,071
[1037]

2 10 110 24 1.17 100 125 126.1 2.185
[1094]

3 10 90 24 1.17 102.3 127 121.8 2363
[1183]

- 8 90 24 1.17 100.9 1.28 118.0 2312
[1157]

5 8 110 37 1.17 96.9 1.28 124.1 2514
[1258]

6 10 110 33 1.17 100.2 128 126.0 2.479
[1241]

7 10 90 31 1.17 102.4 131 120.7 2.599
[1301]

8 8 90 29 1.17 97.1 1.27 1183 2473
[1238]

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

105.56 BTU/(hr. fi2 °F) documented in Appendix 10 of RPP-RPT-47433, Rev0 pages A10-51 is applied in the
heat exchanger area calculation.

¢  The SVF-2440 Eqpt Design Alt-2 worksheet fluid temperatures for: “Stream 4 WFE vapor” at 125°F, “Stream §
WFE Condensate” at 82 °F, “Stream 10 Cooling Water Supply™ at 77 °F, and “Stream 11 Cooling Water
Return” at 87 °F are inputs to calculate the log mean temperature difference (LMTD), AT, . A countercurrent

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

Input Calculation Constants:

Facility Degign Basis : DesignRateg; .. 5 = 7500 gal condensate/Operating day
Owverall Operating Efficiency: TOE =1 Operating day s/Calendar day
Days per year: Days = 365 Calendar days/Calendar yr

Daily Input Feed Volumetric Flow Rate:

QFcedin = DesignRateg;eam s TOE  Qpeedin = 7500 gal /Calendar day
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QFeedin
“FeedinGPM = ;o0 QFeedinGPM = 208 gpm

Overall Heat Transfer Rate Across the Heat Exchanger: o= 2157269.1 BTU/hr

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

F . 20
Disrying = 10556 BTU/ hr. ft2 °F

Input WFE Vapor Temperature: t =125 )
Output WFE Condensate Temperature: tly = 82 °F
Input Cooling Water Temperature: t”l = 77 °F
Input Cooling Water Temperature: t'y = 87 °F

3.0 Assumptions
For Alternative-2 the following assumptions apply:

1. TSO tanks of 5000 gallon volumetric capacity are assumed for the SBS condensate transportation and
storage m the WTB lag storage system as an enabling assumption. A mimmum 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, WFE
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 1s included to be used i the blending of off-normal downstream WFE
concentrate with feed batches.

5. A two day Record Control (RC) sample analysis turmnaround time 1s 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 mn 24590-W TP-PL-PR-04-0001,
Tntegrated Sampling and Analysis Reguirements Document (ISARD), which characterized waste transfers
from RLD-TK-0006A/B for comparison with the Liquid Effluent Retention Facility/Effluent Treatment
Facility WAC, and is assumed similar to sample requirement for this application. The RC sampling is
performed on the WFE 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 momtor processing 1s assumed. Unlike the RC
sampling, the PcS is assumed 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 point PT-35 in 24590-WTP-PL-PR-04-0001, and 1s assumed similar to 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 assumed sufficient for loading the content of the
RLD-VSL-00005 vessel into IS0 tanks, and transfer to WTB facility as an enabling assumption.

8. The WFE condensate and WFE concentrate storage tanks in combination with TSO 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 meludes the two-day hold pomt for tank sampling
analysis turnaround prior to loading condensate on a transport.
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9. The SBS Feed condensate tanks are assumed to function as staging vessels prior to concentration process.
The sizing of these vessels are assumed unconstrained by seven days of storage as assumed for WFE
condensate and WFE concentrate storage tanks. The PeS monitoring residence time of the feed tanks 1s
assumed as sizing criteria for these vessels in a preliminary analysis.

10. A design margin of 80% volumetric fill capacity 1s used to estimate the two feed storage tanks volumes as
an enabling assumption.

11. The storage tanks are assumed to be cylindrical, above ground vessels.

12. A 1:1 aspect ratio for each tank diameter and height 1s used as an enabling assumption.

13. The heat exchangers are considered to be Stainless Steel 3161, shell and tube heat exchanger operating in a
countercurrent flow as an enabling assumption.

Assumption Calculation Constants:

Residence Time For SBS Condensate Feed before Downstream WFE Concentration

Residence Time for Feed Process Control Sample Analysis: tpog = 0.4 Day

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

Hold time before Transfer: tHoldMax = 7 day
Design Margin of Tank Volume Filled by Feed: FiHDM =08
Tank Height to Diameter Aspect Ratio: AR =1 Dimensionless

4.0 Method of Analysis

The Alternative-2 configuration and sampling schematic is shown in Figure 1. A preliminary vessel sizing is
performed to estimate the volume constraint (mmimum volume for feed tank, and maximum volume for downstream
storage tanks) when 80% full. The calculation uses a residence time of 0.4 days for Pe¢S monitoring and the input
rate of 7500 gallons per operating day at peak generation to estimate a minimum feed tank size, since the feed
vessel funetions as an interim vessel before concentration. The volumetric flow rate for the WFE condensate and
WEFE concentrate, documented in SVF-2440, and seven days of storage are used to calculate the maximum storage
required m this case.

In the second phase of vessel sizing, the calculated maximum storage capacity for the WFE condensate and
concentrate storage tanks are applied as the basis to estimate a reduced storage tank volume, when it is assumed
a combination of the ISO tanks and reduced storage tanks satisfy the seven days storage criteria. An additional
third Feed tank 1s included to be used n the blending of off-normal downstream WEFE concentrate with the feed
batches. The vessel sizing and facility layout was further simplified by assuming an identical vessel size for all
seven tanks used in the Alternative-2 configuration. Furthermore, the complexity associated with sorting SO
tanks allocated for liquid storage by WEFE condensate or WFE concentrate streams 1s decreased, when the
selection of a reduced tanks size selection 1s conservatively based on the mitial WFE 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 volume simce the residence time for the feed tanks 1s less than one day as compared to seven day of
storage for WFE condensate and WFE concentrate.

The Wiped Film evaporator 1s 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 1s simplified by assuming the overall heat transfer coefficient for the
Alternative-2 WEE 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
WEFE to operate n parallel configuration in meeting the design condensate production rate.
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The system heat exchanger area size 1s based on the calculated heat removal rate to generate WFE water
condensate from the WFE overhead vapor. The heat exchanger area 1s calculated using an overall heat transfer
coefficient based on the service value of stamnless for a steel shell and tube heat exchanger. A countercurrent
flow heat exchanger is assumed 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 1s 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 1s sized using a design margin of 80% fill capacity. A preliminary sizing
calculation for: a) Feed, b) WFE condensate, and ¢) WFE concentrate storage is based on the assumed throughput
and the storage time 1s performed to establish the design based storage capacities requirement. The PeS sampling
is assumed to not be a holding point to alternate between the tanks for the feed tanks .

The tank storage capacities are thenm 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 mitially calculated capacities. Anadditional third Feed tank 1s included to be used mn blending of
off-normal downstream WFE concentrate with the feed batches.

Alternative -2 Prelimmary Feed Tank Sizing

The output flow rate from the Feed vessel," Stream 2 WFE Feed"in the Eqpt DesignAli-2 worksheet, which is the
WTP vessel RLD-VSL-00005 condensate and the PcS sampling residence time for the Feed process control 1s
used.

Feed Output Volumetric Flow Rate to the WEFE: QFeedoutGPM = QFeedinGPM
QFeedoutGPM = 2-208  gpm

QFeedGPH = “FeedoutGPM &

QFeedpH = 3125 GPH

Residence Time for Feed Process Control Sample Analysis: tpeg = 0.4 Day

tpeSHR = tpes24 tpeSHR = 96 hr

The minimum capacity for the Feed tank 1s to store 9.6 hours of material.

Mimimum Feed Volume per Storage Tank: VEeed = QFeedGPH TPeSHR
Veed = 3000 gal Feed/ Storage Tank
Design Margin of Tank Volume Filled by Liqud: FﬂlDM - 08
. . VFeed
Minimum Tank Volume at 80% Storage Capacity for Feed Storage: V- L —
FeedSize :
Fill
DM
VEeedSize = 3750 gallon Size Capacity/ Storage Tank
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or

VFeedSize

s p
T VieedSizefiy = 501 ft Size Capacity/ Storage Tank

VEeedSizeft3 =

Alternative -2 Preliminary WFE Condensate Storage Tank Sizing

The vapor stream leaving the WFE flows into a condenser and the WFE condensate 13 collected in a WFE
condensate storage vessel. The WFE condensate storage vessels are sized to meet: a) WFE condensate
production rate of 4.05 gpm described in Section 2.0 for the "Stream 8 WFE Condensate”, and b) hold seven days
of condensate storage. The assumed two days holding point analysis turnaround for the RC sampling 1s implicitly
accounted in allow holding time.

Stream 8 WFE Condensate Volumetric Rate All WFE modules::
QStreamS = 4.05 gpm

QSh"eamS.Day = QSfreamg 6924
3
QSh“eamS_Day = 5832 10 ga]_/ day

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

Number of WFE Condensate Storage Tanks: NoT ciond = 2 Tanks Configuration

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

tHold2T = tHoldMax ¢/ 9ays)

WFE Condensate Volume per Storage Tank: V2T Bl QStreamS Day'tHol T

VoT cond = 40824 gal WFE Condensate/ Storage Tank
Design Margin of Tank Volume Filled by Liquud: FiHDM — 0OR

Tank Volume to Meet the Design Criteria and 80% Storage Capacity: Vorr cond s =

V2T. B Biaa™= 51030 gallon Size Capacity/ WFE Condensate Storage Tank

or

VoT Cond Size

VoT Cond fi3 = 6822 ft3 Size Capacity/ Storage Tank
7.4805 ' '

VoT Cond f13 =

Alternative -2 Preliminary WFE Concentrate Storage Tank Sizing

The WFE concentrate storage vessel system 1s sized to meet: a) WEF concentrate production rate of 1.16 gpm
described in Section 2.0 for the "Stream 3 WFE Concentrate", and b) the seven days of storage time.
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Stream 3 WFE Concentrate Volumetric Rate from All WFE meoedules:

Stream 3 WFE Concentrate Volumetric Rate: QStream3 = 1-16 gpm

QStreamS.Day = QStream3 6924

QStreamS.Day = 1670.4 gal/ day

Number of WFE Concentrate Storage Tanks: Tanks Configuration

NaT cone = 2

Hold Time befeore Transfer from Two Tank WFE
Concentrate Storage System:

toldoT = 7, days

WEFE Concentrate Volume per Storage Tank: VorT Cone = 9Siream3 Day'tHol DT

VT Cone = 11693 gal WFE Concentrate/ Storage Tank

Design Margin of Tank Volume Filled by Liquid: Fﬂ]DM = 0OR

; o VoT Cone
Tank Volume to Meet the Design Criteria and 80% Storage vV o ——

: 2T.Cone. 3ize Fill
Capacity: U

V2T. Conc.Size = 14616 gallon Size Capacity/ WFE Concentrate Storage Tank

or

V2T.Conc. Size

3. .
VZT. Corio fi3 = W V2T. Conofi3 = 1954 ft~ Size Capacity/ Storage Tank

Reduced Size Based on Allocating Storage to ISO Tanks:

The WFE concentrate tanks are sized for seven days of holding are used as common tark 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 15 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 WFE concentrate feed batches if needed. The vessel sizing and facility layout was further simplified
by assuming an identical vessel size for all seven tanks used in the Alternative-2 configuration. Furthermore, the
complexity associated with sorting SO tanks allocated for liquid storage by WFE 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 units of TSO 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 remaining volume of WFE condensate is allocated to ISO tanks. 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 tanlks
for storage while analysis 1s 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
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blended with fresh SBS feed condensate.

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

WEFE Concentrate Volume per Storage VT Cope = 11693 gal WEFE Concentrate/ Storage Tank
Tank: '
Volume of an ISO Tank: VIS0 Tank = 3000 gallon/ ISO Tank

Equivalent Number of TSO Tanks for WFE Concentrate Volume:
VaT Cone

NUmSOTankEQ = 3

ISO.Tank

NumISOTankEQ = 234 Number of ISO Tanks for balance SBS condensate

Rounding Up to Next Integer for Number of TSO Tanks
RoundNUInISOTaI]kEQ = (I'OUIld.(I\IUIH]:S()']:'E T]IEQ)) + 1

RoundNumigoranlerg = 3

The Rounded Up Number of ISO tanks is Used For Fach Modified Storage Capacity Tn a Two Tank Storage
Configuration for All Processing Stages:

Using the Preliminary WFE Concentrate Storage:

Modified Volume per Storage Tank: VoTModified = YISO Tank' RoundNUmigoTanl FO

VoTModified = 15000 gal Capacity/ Storage Tank
Design Margin of Tank Volume Filled by Liquid: FiHDM =08

V. .

Modified Tank Volume at 80% Storage Capacity: VoTModifiedSize = . 2-Modified
Fill

DM

VoTModifiedSize = 18750 gallon Size Capacity/ Storage Tank

or
VoTModifiedSize

7.4805

VoTModifiedft3 =

VoTModifiedfts = 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
1
v 3
2TModifiedft3

DorModified = .
KN

Storage Tank Reduced Diameter:

DoTModified = 147 ft

Storage Tank Reduced Height: HoTModified = DoTModified AR

Hormodified = 147 ft

Remaming Volume of WFE condensate allocated to ISO Tanks:

Vor CondNeed = Y2T.Cond — V2TModified

V2T. CondNeed = 25824 gal WFE Condensate/ Storage Tank

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

VQT.CondN eed

NISOTankNeed = 7
ISO Tank

Number of ISO Tanks for balance volume of WFE

N =52
[SOTankNeed
e condensate/Storage Tank

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

RoundN[go TankNeed = (r0und(NISO TankNeed)) + 1

RoundNjgoy TankNeed = © I3O tanks/ Reduced Storage Tank

An additional 6- TSO 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 of TSO Tanks (Rounded) Used for 7 Days of SBS Condensate Storage per Reduced Two Storage Tank
approximately for ETF Transportation.

N1SOTankFull == MSOTankNeed NoT Cond  15€ tanks/ Reduced Two Storage Tank Configuration

RoundNrg o, Tankpull = (Found(Nigoranicrun)) + 1

RoundNjgoyTankpul] = 11 ISO tanks (Rounded up)/ Reduced Two Storage Tank Configuration
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Alternative-2 Wiped Film Evaporator Sizing:

The Wiped Film evaporator (WFE) 13 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 1s based on the WFE testing conducted using
AN-105 liquid simulant documented in RPP-RPT-47443, Wiped Film Evaporator Full- Scale Demonstration
System Test Report. Rev 0. The results for the WFE averaged condensate production rate listed m 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 film evaporator providing 50 square feet heat transfer area. To simplify
WEFE scale up, modules of Artisan Rototherm horizontal thin film evaporator contaiming 50 square feet heat
transfer area are assumed to be used in parallel configuration for sizing the Alternative-2 WFE. In this approach
the WFE overall heat transfer coefficient ,U, 1s 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
mimmum condensate production rate of 2.071 gal/min 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 mimmum averaged condensate production rate at 2.071 gal/min of test run 1, Table 1:

Heat Transfer Surface Area of Artisan Rototherm Horizontal Thin Film Evaporator used in
Testing :
= ft2 Heat exchan
ARototherm = Y eat exchange area

Minimum Averaged WFE Condensate Volumetric Rate: AWFE. cond.min = 2-071gpm

q ;
Minimum WFE Condensate Volumetric Flux: FIUXWFE condmi B M

ARototherm

— 2
FIUXWFECOHdHI]Il =4142 < 10 gpm/ fi2

Stream 8 WFE Condensate Volumetric Rate (see Section 2.0): Qgireamg = 405 gpm

QSLTeamS

Required WFE Heating Surface Area for Minimum Condensate Rate: Areql WEE =
; Flux .
WFE.cond.min

Areql WFE = 978 i

Required Number of Artisan Rototherm Evaporators; Nyypg = Areql WFE

ARotothenn

NWFE =196 WFE Units

ROUIldNWFE i= I'OUl'ld(NWFE)
RoundNwpg = 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 WFE condensate. Therefore two-50 square feet of Artisan Rototherm evaporator units operating i parallel
are needed to meet the design WFE condensate throughput.

Alternative 2 - Heat Exchanger Sizing:

The heat exchanger design equation 1s used to calculate the heat transfer surface area to condense the overhead

WEFE water vapor at 125 °F to liquid water at 82 °F at an overall heat transfer rate of 2,157,269.1 BT U/hr across the
heat exchanger operating in countercurrent flow. As described in section 2.0 the overall heat transfer rate is
calculated for "Stream 10 Cooling Water Supply” of SVF-2440 Eqpt Design Alt-2 worksheet. A countercurrent flow
heat exchanger is selected for applying LMTD as the mean temperature difference in heat exchanger design

equation. The heat exchanger 1s assumed to be a shell and tube exchanger. Imtially an overall heat exchanger area

1s calculated. Then, since each WFE unit 1s configured to operate with a heat exchanger in series, the combination

of each of the two -WFE unit and heat exchanger- modules operating in parallel produce the design WFE

condensate rate and the heat transfer rate (of 2,157,269.1 BTU/hr).

An estimate of the mumber of heat exchanger tubes, etc. outliming a detailed heat exchanger design layout 1s
differed to ore detailed studies.

Overall Heat Transfer Rate Across the Heat Exchanger: Cirepsrsspng = 21972691 BTU/hr

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

Uservice™ 10356 BTU/ hr fi2°F
Input WFE Vapor Temperature: th =125 °F
Output WFE Condensate Temperature: t'2 = g2 °F
Input Cooling Water Temperature: " =77 °F
Input Cooling Water Temperature: t'y = 87 °F
. (t’l _ t”z) _ (th _ t”l)
Countercurrent flow, Perry Eqn10-118a, 6th edition: /_\Tlm =
vy —tz
tlz _ t”]
ATy, =16.27 °F
& o Qffeat Stream10
Total Heat Transfer Area: Heat Transfer = Tt s AT
Service ™ lm
A = 1256 iy :
Heat. Transfer — b
Affeat Transfer
Heat Transfer Area per WFE and Heat Exchanger Module: Ap Module ™ ——————
er Module RoundNyypp

Aper.Module = 628 ft2/ 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 form the WFE
condensate tanks and WFE concentrate tanks .

Number of RC Samples per Year per Modified Two Storage Tank WIE Concentrate Sample :

QStream?;.Day'DayS

RCSample~t =
T VaTModified

RoundRCBampley = round(RCSamPIGZT)

RoundRCSampleyy = 41 Samples WFE Concentrate/ yr

Number of RC Samples per Year per Modified Two Storage Tank WI'E Condensate Sample:

It 1s assumed that a modified WFE condensate tank 1s filled to capacity and an RC sample 1s taken. Then, the
tank content 1s transferred to ISO tanks for storage while sampling analysis 18 performed.

QStreamS.Day'DElys

RCSamplewrgcondensate ==  —
odifie

RCSamplewpRcondensate = 142 Samples WEE Condensate/ yr

5.0 Use of Computer Software

This calculation was performed using Mathead, 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 :

Minimum Feed Tank Volume at 80% Storage Capacity: = 3750 gallons Size Capacity/ Storage Tank

VFeedSize

WEFE Condensate Tank Volume at 80% Storage Capacity:

VZT. e 51030  gallons Size Capacity/ WFE Condensate Storage Tank

WEFE Concentrate Tank Volume at 80% Storage Capacity:

VZT. Core.Size = 14616 gallon Size Capacity/ WFE Concentrate Storage Tank

The tanks storage capacity and volumes are modified for all three staging operations when a portion of (3
needed) storage is supplied also by IS0 tanks for the 7days holding period. In this case each storage tank ina
two tank storage system is assumed to hold the volumetric capacity of three TSO containers and thereby identical
vessels are used for all stages of the Alternative-2 processing.
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An additional third storage vessel of equal capacity 1s included in the Feed storage configuration for blending of
the off-normal downstream WFE concentrate with the feed batches if necessary.

Modified Tank Volume at 80% Storage Capacity:

V2TM0 i = 18750 gallon Size Capacity/ Storage Tank
Alternative-2 Wiped Film Evaporator Sizing:

The Wiped Film evaporator (WFE) 1s sized to meet the WFE condensate rate of 4.05 gpm by using 2 units of
Artisan Rototherm® 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 WFE water vapor at 125 °F to liquid water at 82 °F at the overall heat transfer rate of 2,157,269.1 BTU/hr.
A countercurrent flow heat exchanger was selected for applying LMTD as the mean temperature difference in a
basic heat exchanger design equation. The heat exchanger 1s assumed to be a shell and tube exchanger. It 1s
configured that each WEFE unit operating in series with a heat exchanger to produce a WFE condensate outflow.

The combination of each of the two -WFE umit and heat exchanger- modules operating n parallel produce the
design WFE condensate rate and the overall heat transfer rate.

2
Total Heat Transfer Afsat Tranigfar= 1256 ft
Area:
Heat Transfer Area per WFE and Heat Exchanger Module:
Aper Module = 628 ft2/ Module of WFE and Heat Exchanger

Alternative 2 - Sample Load Estimated:

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

Number of RC Samples per Year per Modified Two Storage Tank WFE Concentrate Sample _

RoundRCSampley = 41 Samples WFE Concentrate/ yr

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

RCSﬁmPleWFECon Bieriuadloa™= 142  Samples WFE Condensate/ yr
7.0 Conclusions
The Alternative-2 equipment sizing was performed using the the throughput documented i SVF-2440 at 7500
gallon per day. The calculated maximum storage capacity for the WFE concentrate storage tank is used as the
basis to estimate a common storage tank volume for the feed, WFE condensate, and WFE concentrate storage,
supplemented by ISO tank storage. An additional third storage vessel of equal capacity was mcluded i 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 1s reduced by approximately 65% in
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volume by mcluding the ISO tanks i combination with the storage vessels to hold WFE condensate content prior
to transportation.

Two units of Artisan Rototherm® horizontal thin film evaporator, each providing 50 square feet of heat transfer
area, operated in parallel satisfy the evaporation throughput. It 1s configured such that each WFE unit operating

n series with a heat exchanger to produce a WFE condensate outflow. A heat transfer area of 628 ft 2 per each
condenser module is estimated for each of the two -WFE unit and heat exchanger- modules operating in parallel
to produce the design WFE condensate rate and the overall heat transfer rate.
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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), ¢} 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 Alts. 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:

I) 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.

IT) 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.

III) The calculated condenser total heat transfer area is 1256 square feet by using the overall heat transfer rate of
2,157,269.1 BTU/hr to condense WFE overhead vapor. By assuming a heat exchanger operating in series with a
WFE unit, each 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, 0, (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 fi tall. The feed hopper volume is approximately 265

File: AEM-WRPS-2012-CN-014 Rev 0
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ft3 with the dimension of 5.5 fi in diameter, 8.6 ft is cylindrical section height, 7.6 ft (rounded) in conical section
height, and an overall 16.2 fi tall.

V) A Horizontal Ribbon Blender with calculated full capacity of 135 fi3 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 ID=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 of SVF-2440.

File: AEM-WRPS-2012-CN-014 Rev 0
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1.0 Objective/Purpose

Determine equipment sizes to support evaluation of Alternative-3 configuration. The subject equipment is:
Feed staging and blending tanks.

Wiped Film evaporator (WFE)

WFE condensate storage tanks

WEFE concentrate storage tanks

Heat exchanger to condensate WFE overhead vapor stream

Pneumatic conveying system

Solidification mixer

Solidification agent powder storage silo and feed hopper.

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

The Alternative-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 function to receive WTP
condensate and as needed blend the non-complying downstream WFE 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 WFE 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
pneumatically transferred from the storage silo into a feed hopper located above the mixer. The dry solidification
agent 1s added to the mixer by a rotary airlock in batch quantities sufficient to fill a soft sided contamer to 80%

capacity.

The solidification agent is intended to convert the concentrated waste from a liquid state to a solid state
contaimng no free liquid during trans portation. The non-complying WFE concentrate 1s recycled to the feed
tank for blending and reprocessing.

In Figure 1, the process blocks shown in green illustrate treatment steps of the Alternative-2 Configuration. The
process blocks shown in red represent extra operations included in the overall Alternative-3 system. The
Alternative-3 system sizing calculation described in this document and i 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-2012-CN-013 are related to provide a stand alone document for
Alternative-3.
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Figure 1 Alternative-3 Configuration and Sampling

2.0 Input Data

The mput data for the Altemative-3 1s organized as inputs a) distinct to Alternative-3 configuration, b) general
mputs common to equipment sizing calculation in AEM-WRPS-2012-CN-013 for Altemative-2.

Inputs Specific to Alternative-3:

»  The throughput rate decumented in SVF-2440, SES Disposal PreConcept Alts. (worksheet Eqpt DesignAlt-2)
1s 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 15 defined as “DesignRateStream2” in the calculation described in
Section 4.0, and referred as “Stream?2, WFE Feed” in the Eqpt DesignAlt-2 worksheet. NOTE: The material
balance work sheet (of the SVF-2440) for Alternative-3, Eqpt DesignAlt-3 is an addendum to the Eqpt
DesignAlt-2 material balance worksheet, and extend mass balance calculations to the solidification process
specific to the Alternative-3 configuration. The input rates for the feed, WFE condensate and WFE
concentrate referred in this decument are taken from the Eqpt DesignAlt-2 material balance worksheet.
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s The WFE concentrate and dry solidification agent mizture flow rate at 1.56 gpm, and density of 11.73 lb/gal are
defined in “3tream 17 Solidified Concentrate” of the BVF-2440 (Eqpt DesignAl-3 worksheet) The inputs are
used to calculate daily numbers of contamners produced.

¢ The dry solidification agent flow rate at 1.10 gprm, and density of 7.35 1b/gal are defined in “Stream 16
Solidification Agent Bupply” of the BVF-2440 (worksheet Eqpt DesignAlt-3). The inputs are used to calculate
the daily volumetric and mass flow rate of dry Petroset-H solidification agent .

o The SVF-2440 (worlzsheet Eqpt DesignAlt-3, Inputsl) uses Petroset-FH by Fluidtech Ine. asthe dry
solidification agent forthe solidification process.

e The hopper chart design of Figure 10, reported in Salve Solids Handling Problems by Retrofiiting, and
illustrated as Figure 2 is used to estimate a conical hopper angle (measured trom vertical) for both silof hopper
dimension estimates.

-
40° — /',---' : -—-_,__:ﬂ-b:
Funnel ¢ N
Eﬂ:} flow \\ \ ,/l
30: 1 -F":_,f_. -.__I__ ?
<75 i
.-"‘_,.-‘ ;
] 20: —— f’-l/} ldj_
) Mass s f _
flow </ Uncertain
10° — <
>
‘j/\
ST T T T

Figure 2 Design Chart For Setting Conical Hopper Angles for Mass Flow (Figure 10-Solve Salids Handlieg
Problems by Retrofitiing)

s The pnenmatic conveymng system uses ambient air as the carrier gas phase at 70 °F at bulk densiby of 0.075
bm/ft3 and dynarnic viscosity of 0.000012 lbmy/ft-s at atmospheric pressure, P, = 14 7psi. These values

were determined by interpolating v alues at 60 °F and 80 °F mn Appendix I, Physical Praperties of Gases vl
Liguids; Fundameitals of Momertisn, Heat and Mass Transfer Book.

s The gas friction factor (fg) used in estimating the pressure drop due to frictional losses between the

conveying gas and the pipe wall in the pneumnatic conveying system is determined from the Moody diagram
(Fluid Mechanics, page 313)

o A fifteen minutes mixing time is reported in vendor literature about a Horizontal Ribbon Blender,

Inputs Common to Alternatives 2 and 3

o  The WTF vessels RLD-VEL-00005 3BE condensate output 1sused as the input feed stream tothe
Alternative-3 evaluation

File: AEM-WERPE-2012-CN-014 Rev 0.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%).

The Wiped Film Evaporator size is based on experimental WFE condensate generation rates using an
Artisan Rototherm ® horizontal thin film evaporator containing 50 square feet of heat transfer area. The
WFE testing was conducted using AN-105 liquid simulant and documented in RPP-RPT-47443, Wiped Film
Evaporator Full- Scale Demaonstration System Test Report. The WFE condensate rates are shown in Table

1 and reported in Table 6-1 of RPP-RPT-47443.

An IS0 tank is used to transfer SBS condensate from the WTP to the Waste Transfer/ Building (WTB). The
IS0 tanks provide additional storage capacity at the WTRB, and are used for transportation of SBS
condensate to the Effluent Treatment Facility (ETF) (see Figure 1).

The “Stream § WFE Condensate” of the 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” of the SVF-2440 Eqpt DesignAlt-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 Eqpt DesignAlt-2 worksheet “Stream 10 Cooling Water Supply’ heat transfer rate across the

heat exchanger/s is 2,157,269.1 BTU/hr. It condenses the overhead WFE water vapor at 125 °F to liquid
water at 82 °F and is used to determine heat exchanger/s heat transfer area.

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

Average
WFE Average
Average | Operating | Average Feed Condensate
Feed Pressure | Steam Ending FT-401
Rate [DPT-305] | Pressure Feed Starting Temp Flow Rate
Test | [UT-001] torr [PT502] | Feed Starting | Temp [UT-001] | Feed Ending SpG | [UT-001] (gal/min)

Run | (gpm) absolute (psig) | SpG [UT-001] (°F) [UT-001] (°F) [Ib/hr]

1 8.6 110 24 1.17 77 123 116.4 2.071
[1037]

2 10 110 24 1.17 100 1.25 126.1 2.185
[1094]

3 10 90 24 1.17 1023 1.27 121.8 2.363
[1183]

- 8 90 24 1.17 100.9 1.28 118.0 2312
[1157]

5 8 110 37 1.17 96.9 1.28 124.1 2514
[1258]

6 10 110 33 1.17 100.2 128 126.0 2479
[1241]

7 10 90 31 1.17 102.4 131 120.7 2.599
[1301]

8 8 90 29 1.17 97.1 1.27 1183 2473
[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/(hr. ft2 °F) documented in Appendix 10 of RPP-RPT-47433, Rev(D page A10-51 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 &
WEFE Condensate” at 82 °F, “Stream 10 Cooling Water Supply” at 77 °F, and “Stream 11 Cooling Water
Return™ at 87 °F are inputs to calculate the log mean temperature difference (LMTD), ATy, A countercurrent

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

Input Calculation Constants:

Facility Design Basis : DesignRateg o 2 = 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 = DeSignRateStreamQ' TOE QFeedm = 7500 gal /Calendar dﬂy

QFeedin

— - — 5208 m
.08 QFeedinGPM gp

QFeedinGPM =

Overall Heat Transfer Rate Across the Heat Exchanger: BTU/r

QHeat Stream10 = 2157269.1

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

UService = 10556 BTU/hr. {i2°F
Input WFE Vapor Temperature: ty =125 °F
Output WFE Condensate Temperature: ts = 82 T
Input Cooling Water Temperature: t”l = 77 °F
Input Cooling Water Temperature: t's = 87 F

3.0 Assumptions

For Alternative-3 the following assumptions apply:

L.

File:

IS0 tanks of 5000 gallon volumetric capacity are assumed for the SBS condensate transportation and storage
in the WTB lag storage system as an enabling assumption. A minimum twelve ISO tanks and ISO tank
positions are available to support lag storage.

A two-tank storage configuration 1s selected for storage and processing of the SBS Feed condensate, WFE
condensate, and WFE concentrate that support sampling.

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.

An additional third Feed tank is included for blending of off-normal downstream WFE concentrate with the

AEM-WRPS-2012-CN-014 Rev 0.xmed
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feed batches.
5. A two day Record Control (RC) sample analysis turmaround time 1s assumed to verify compliance with the

10.
11.
12.

13.

14.

15.

16.

17.
18.

15.
20.

21.
22

23.

File:

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 Facility/Effluent Treatment Facility
WAC, and is assumed similar to sample requirement for this application. The RC sampling is performed on
the WFE condensate, and on the WFE concentrate stored 1n the lag storage tanks prior to off site shipment
(see Figure 1).

A 0.4 day Process Control (PcS) sample turnaround time to monitor processing is assumed. Unlike the RC
sampling, the PcS 1s assumed 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 point 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 1illustrated on
Figure 1.

Process knowledge and/or process control sampling 1s assumed sufficient for loading the content of the
RLV-VSL-00005 vessel into ISO tanks, and transfer to the WTB facility as an enabling assumption

The WFE condensate and WFE concentrate storage tanks in combination with TSO tanks are sized to hold
liquid for seven days of storage before transferring to offsite. The assumption 1s 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.

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
WFE condensate and WFE concentrate storage tanks. The PcS monitoring residence time of the feed tanks
is assumed as sizing criteria for these vessels in a preliminary analysis.

The storage tanks are assumed to be cylindrical, above ground vessels.

A 1:1 aspect ratio for each tank diameter and height is used as an enabling assumption.

The heat exchangers are considered to be Stamless Steel 316L shell and tube heat exchanger operating in a
countercurrent flow as an enabling assumption.

A “Five Yard Soft Sided Container System™ of 5 cubic yard and 10,000 1bs loading weight supplied by MHF
services” is used for packaging the mixture of WFE concentrate and solidification agent. In the remaimnder of
this document the Five Yard Soft Sided Container System is referred as a container.

A Ribbon Blender is assumed to adequately mix the dry Petroset-H solidification agent with the WFE
concentrate.

A design margin of 80% volumetric fill capacity 1s defined in tank volumes, solidification mixer, and
packaging container estimates.

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

The feed hopper is assumed to be filled daily.

The conveying system 1s assumed to be sized that the transfer of Petroset-H from the storage silo to the feed
hopper can be completed within 1 to 2 hours daily.

The storage silo 1s placed in a separate room.

The dry solidification agent, Petroset-H, is transported from the storage silo to the feed hopper by a positive
pressure conveying system using ambient air.

A conical shaped hopper design 1s used to determine the storage silo and feed hopper dimensions.

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 obtam the wall angle of friction
parameter used i hopper design charts. In the absence of data, the wall angle of friction, ¢, at
approximately 28° reported for clay in Flow Property Measurement Using The Jenike Shear Cell for 7
different bulk solids 1s assumed for the pre-conceptual dimension estimates.

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, maximum
values of achievable solids loading ratio are typically of the order of 15 (Preumatic Conveying Design
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24.

25

26.

27.

28.

29.

30.

31.

guide). Assume future pilot scale testing of Petroset-H addresses the mput data to specify the appropriate
values of solids loading ratio.

A layout between the storage silo to the feed hopper assume 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.

A total of five 90-deg bends in the pipeline layout is assumed to provide a conservative equivalent length
pressure drop. Also a distance of 20 pipe diameters (20D) in the pipeline 1s allowed between the bends to
facilitate re-acceleration of the solids, and plugging vulnerability by loss of solids velocity.

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 shp ratio closer to 0.5, while lighter, finer powder (e.g.
talc) have a value closer to 0.9.

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.

A mimimum velocity (V) or pickup velocity of 70 ft/s (in high range of velocity limit), for the air to convey
the dry Petroset-H powder in suspension flow without saltation in a dilute-phase conveying 1s assumed for
pre-conceptual estimates. A typical fine powder may need a gas velocity of 40-60 ft/s (Troubleshoot and
Solve Preumatic Conveying Problems). Assume future pilot testing of Petroset-H addresses the input data

to specify the appropriate mmimum velocity,

The solids friction factor of ), ,=0.02 for the dry Petroset-H, which is typical for fine solids, and the pneumatic

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

assumed.

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.

All the pipeline components (e.g. bends/elbows) have the same internal diameters as the conveying line to
avold 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: tpeg = 0.4 Day

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

Hold time before Transfer: tHoldMax = 7 day
Design Margin of Tank Volume Filled by Feed: FﬂlDM — 0R
Tank Height to Diameter Aspect Ratio: AR =1 Dimensionless

4.0 Method of Analysis

The Alternative-2 configuration and sampling schematic 1s shown in Figure 1. A preliminary vessel sizing 1is
performed to estimate the volume constraint (minimum volume for feed tank, and maximum velume for downstream
storage tanks) when 80% full. The calculation uses a residence time of 0.4 days for PecS monitoring and the input
rate of 7500 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 WFE concentrate, documented in SVF-2440, and seven days of storage are used to calculate the maximum
storage required m this case.
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In the second phase of vessel sizing, the calculated maximum storage capacity for the WFE condensate and
concentrate storage tanks are applied as the basis to estimate a reduced storage tank volume, when 1t 13 assumed
a combination of the TSO tanks and reduced storage tanks satisfy the seven days storage criteria. An additional
third Feed tank 1s included to be used m the blending of off-normal downstream WEFE concentrate with the feed
batches. The vessel sizing and facility layout was further simplified by assuming an identical vessel size for all
seven tanks used in the Alternative-2 configuration. Furthermore, the complexity associated with sorting TSO
tanks allocated for liquid storage by WEFE condensate or WFE concentrate streams 1s decreased, when the
selected tank size is conservatively based on the initial WFE 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 volume since the
residence time for the feed tanks 1s 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 WEFE 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 WEFE 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 1s calculated using an overall heat transfer
coefficient based on the service value of stainless for a steel shell and tube heat exchanger. A countercurrent
flow heat exchanger 1s assumed when applying LMTD as the mean temperature difference in heat exchanger
design equation.

The mixer 1s sized to hold sufficient material to produce a single contamner 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 1s used as the dry powder solidification agent. The storage silo 1s 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
silo/hopper volume equation 1s based on a cylindrical section and a conical section. The volume equation 1s
simplified in terms of the each silo/hopper 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 1s sized using a design margin of 80% fill capacity. A preliminary sizing
calculation for: a) Feed, b) WFE condensate, and ¢) WFE concentrate storage (see Figure 1) is based on the
assumed throughput and the storage time to establish the design based storage capacities requiremnent. The PcS
sampling 1s assumed to not be a holding pomt 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 mncorporating 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 1mtially calculated capacities. An additional third Feed tank 1s imncluded to be used in blending of
off-normal downstream WFE concentrate with the feed batches.

Alternative -3 Preliminary Feed Tank Sizing

The output flow rate from the Feed vessel," Stream 2 WFE Feed" mn the Eqpt DesignAlt-2 worksheet, which 1s the
WTP vessel R1LD-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 around.

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

QFeedoutGPM = 2208 gpm

QFeedGPH = SFeedoutGPM &0

Residence Time for Feed Process Control Sample Analysis: tpeg = 0.4 Day
tPeSHR = tPeg 24 tpeSHR = 96 hr

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

Mimmum Feed Volume per Storage Tank: VEeed = QFeedGPH tPeSHR

VRagaq = 3000 gal Feed/ Storage Tank
Design Margm of Tank Volume Filled by Liquid: FﬂlDM =08
.. . VFeed
Minimum Tank Volume at 80% Storage Capacity for Feed Storage: VisadSize ™= —
eedSize Fill 1
VieedSize = 3790 gallon Size Capacity/ Storage Tank
or
] VFeedSize f3S' c ol St Tank
VFeedSizeft3 = 7 4805 VFeedSizeft3 = 20! £ rzel-apacily storage: La

Alternative -3 Prelimmary WFE Condensate Storage Tanlk Sizing

The vapor stream leaving the WFE flows into a condenser and the WFE condensate is collected in a WFE
condensate storage vessel. The WEFE condensate storage vessels are sized to meet: a) WFE condensate
production rate of 4.05 gpm described in Section 2.0 for the " Stream 8 WFE 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:
QStreamS = 4.05 gpm
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QSh"eamS.Day = QSreams 0024
= 5832 103 al/ da
QSh"eamS.Day e & 8 y

Ina Two Tank WFE Condensate storage, a WFE condensate tark 1s always available to receive WFE
condensate stream from the WFE vapor condensation without stopping the upstream WFE condensate
production flow.

Number of WFE Condensate Storage Tanks: Tanks Configuration

NoT cond = 2

Hold Time before Transfer from Two Tank WFE Condensate

Uold2T = tHoldMax (7 day%)
Storage Systemn:

WFE Condensate Volume per Storage Tank: V2T Cond = QStreamS Day'tHol doT

VaT Cond = 40824 gal WFE Condensate/ Storage Tank

Design Margin of Tank Volume Filled by Liqud: Fﬂ]DM =08

e : V2T .Cond
Tank Volume to Meet the Design Criteria and 80% Storage Capacity:  Vor ~ 0 Qipe = ———

Fillpyy g
VoT Cond. Size = 51030 gallon Size Capacity/ WFE Condensate Storage Tank

or

V2T.Cond.Size

3 i ;
V. = 6822  ft Size Capacity/ Storage Tank

VoT.Cond fi3 =

Alternative -3 Preliminary WFE Concentrate Storage Tank Sizing

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

Stream 3 WFE Concentrate Volumetric Rate from All WFE modules:

Stream 3 WFE Concentrate Volumetric Rate: QSireams3 = 1-16 gpm

QStreamS.Day = UStream3'00-24

3
QStreamS.Day =1.67x 10 gal/ day

Number of WFE Concentrate Storage Tanks: N2T s = 2 Tanks Configuration
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Hold Time befeore Transfer from Two Tank WFE tHoldoT = 7 days
Concentrate Storage System:

WFE Concentrate Volume per Storage Tank: VoT cone = Q<tream3 Day'tHol DT

V2T.Conc = 11693 gal WFE Concentrate/ Storage Tank

Design Margin of Tank Volume Filled by Liquid: Fﬂ]DM = 0OR

; o VoT Cone
Tank Volume to Meet the Design Criteria and 80% Storage VoT Cone. Size = _

Capacity: Fillpyag

VaT Cone.Size = 14616 gallon Size Capacity/ WFE Concentrate Storage Tank

or

V2T.Conc. Size

34 .
VoT Cone ft3 = W VoT Cone fiz = 1954 ft” Size Capacity/ Storage Tank

Reduced Size Based on Allocating Storage to ISO Tanks:

The WFE 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 1s 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 WFE concentrate feed batches if needed. The vessel sizing and facility layout was further simplified
by assuming an identical vessel size for all seven tanks used in the Alternative-2 configuration. Furthermore, the
complexity associated with sorting TSO tanks allocated for liquid storage by WFE condensate or WFE
concentrate streams 13 decreased, when the tank size selection 1s conservatively based on the imtial WFE
concentrate storage capacity that is equivalent to the capacity in units of SO 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 remaining volume of WFE condensate is allocated to TSO tanks. Ttis assumed that a modified WFE
condensate tank is filled to capacity and an RC sample is taken. Then the tank content is transferred to TSO tanks
for storage while analysis 1s performed.

The tank capacity 1s 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 WFE Concentrate as Basis in Reduced Storage Tank Volumes
per Seven Days of Storage:

WEFE Concentrate Volume per Storage VZT Cone = 11693 gal WFE Concentrate/ Storage Tank
Tank: '
Volume of an ISO Tank: VIS0, Tank = 3000 gallon/ ISO Tank
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Equivalent Number of ISO Tanks for WFE Concentrate Volume:

) VZT.Conc
NUmISOTankBQ =
1S0. Tank

NumISOTankEQ = 234 Number of ISO Tanks for balance SBS condensate

Rounding Up to Next Integer for Number of ISO Tanks
RoundNUInISOTal’]kEQ = (round(NUInISOTa]']]IEQ)) +1

RoundNumygoypapkpg = 3

The Rounded Up Number of ISO tanks 1s Used For Each Modified Storage Capacity In a Two Tank Storage
Configuration for All Processing Stages:

Using the Preliminary WFE Concentrate Storage:

Modified Volume per Storage Tank: V2TModified = VISO.Tank'RoundNumISOT KEQ

V2TM0 dified = 15000 gal Capacity/ Storage Tank

Design Margin of Tank Volume Filled by Liqud: Fﬂ]DM — 0OR
Modified Tank Volume at 80% St Capacity: V2TModified

odifie clume a o Storage Capacity: VoTModifiedSize = ———————

Fill
DM
VoTModifiedSize = 18750 gallon Size Capacity/ Storage Tank
or
v _ VaTModifiedSize
2TMoedifiedft3 - 7 4R05

VoTModifiedis = 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
1
. VarModifieds]
Storage Tank Reduced Diameter: DrTModified = | ————
(5
4

DoTModified = 147 1t
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Storage Tank Reduced Height: Homyodified = P2TModified AR
HoTModified = 147 i

Remaining Volume of WFE condensate allocated to TSO Tanks:

VorT condNeed = V2T .Cond ~ V2TModified

V2T. CondNeed = 25824 gal WFE Condensate/ Storage Tank

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

VQT.CondN eed

NiSOTankNeed = B
ISO Tank

NISOT ENesd= 52 Number of ISO Tanks for balance volume of WFE
condensate/Storage Tank

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

RoundNT5 o TankNeed = (Ound(NisoTaniNeed)) * 1

RoundNyey T ankNeed = © IS0 tanks/ Reduced Storage Tank

An additional 6- TSO 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 of ISO Tanks (Rounded) Used for 7 Days of SBS Condensate Storage per Reduced Two Storage Tank
approximately for ETF Transportation.

NigO TankFull = MSOTankNeed NT Cond IS0 tanks/ Reduced Two Storage Tank Configuration

RoundNTs o Tankull = (round{Nigo Tankru)) + 1

RoundN7goTankFull = 11 IS0 tanks (Rounded up)/ Reduced Two Storage Tank Configuration

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

The Wiped Film evaporator (WFE) 13 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 hquid simulant documented in RPP-RPT-47443, Wiped Film Evaporator Full- Scale Demonstration
System Test Report. Rev 0. The results for the WFE averaged condensate production rate listed n 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 film evaporator providing 50 square feet heat transfer area. To simplify
WFE scale up, modules of Artisan Rototherm horizontal thin film evaporator containing 50 square feet heat
transfer area are assumed to be used in parallel configuration for sizing the Alternative-2 WFE. Tn this approach
the WFE overall heat transfer coefficient ,U, 1s mamtained constant and the resistances to the flow of heat from
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the heating medium to the product affecting the 1J determination (resistance of the mmner product film, irmer
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 determined a scaled U 1s required m 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
mimmum condensate production rate of 2.071 gal/mm shown as the test rim number 1 in Table 1, the largest heat
exchange surface area to meet the WFE design throughput is calculated.

Using mimimum averaged condensate production rate at 2.071 gal/mim of test run 1, Table 1:

Heat Transfer Surface Area of Artisan Rototherm Horizontal Thin Film Evaporator used in
Testing : )
Ap ototherm = 50 ft Heat exchange area

Minimum Averaged WFE Condensate Volumetric Rate: QWFE cond.min = 2-071gpm

g ;
Minimum WFE Condensate Volumetric Flux: FIUXWFE cond.min = M

ARototheIm

_2
FRiwpE cond min = 4142 % 10 7 gpm/ fi2

Stream 8 WFE Condensate Volumetric Rate (see Section 2.0): Qgireamg = 405 gpm

Q
Required WFE Heating Surface Area for Minimum Condensate Rate: Stream$

Areql WFE =
4 FluxWFE.cond.min

Areql WEE = 978 f

Required Number of Artisan Rototherm Evaporators; NwiE = _Areql WEE
ARototherm

RoundNWFE = round(NWFE)

RoundNy g = 2 WFE Units (Rounded)

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 Rototherm evaporator units operating i 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

WEFE water vapor at 125 °F to liquud water at 82 °F at an overall heat transfer rate of 2,157,269.1 BT U/hr across the
heat exchanger operating in countercurrent flow. As described in section 2.0 the overall heat transfer rate is
calculated for "Stream 10 Cooling Water Supply" of SVF-2440 Eqpt Design Alt-2 worksheet. A countercurrent flow
heat exchanger 1s selected for applying LMTD as the mean temperature difference in heat exchanger design

equation. The heat exchanger is assumed to be a shell and tube exchanger. Tnitially an overall heat exchanger area
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15 calculated. Then, since each WEFE unit 1s configured to operate with a heat exchanger in series, the combination
of each of the two -WFE unit and heat exchanger- modules operating in parallel produce the design WFE
condensate rate and the heat transfer rate (of 2,157,269.1 BTU/hr).

An estimate of the mumber of heat exchanger tubes, etc. outliming a detailed heat exchanger design layout 1s
differed to ore detailed studies.

Overall Heat Transfer Rate Across the Heat Exchanger: QHeat.Sh"eaml 0= 21572691 BTU/hr

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

Ugepyice = 105.56

BTU/hr fi2 °F
Input WFE Vapor Temperature: th =125 °F
Output WFE Condensate Temperature: t'2 =82 °F
Input Cooling Water Temperature: t" =77 °F
Input Cooling Water Temperature: t”2 - 87 °F
N (t'l _ t”2) _ (tl2 _ t”l)
Countercurrent flow, Perry Eqnl 0-118a, 6th edition: ATI =
m tll o t”2
i im——=
tl2 _ t”]
ATy, = 16.27 i
o QHeat. Stream10
Total Heat Transfer Area: Afeat. Transfer = Usa . AT
Service = 1lm
AHeat Transfer = 1226 t
AHeat Transfer
Heat Transfer Area per WFE and Heat Exchanger Module: Ap St = —————
er.Module RoundNWFE

Aper Module = 628 ft2/ Module of WFE and Heat Exchanger

Alternative 3- Concentrate Solidification System:

A closer view of the Alternative-3 solidification system congisting of a pneumatic conveying system, storage silo,
feed hopper, mixer (a Ribbon Blender) is shown in Figure 3. The storage silo 1s located mn a separate room. The
dry 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 WFE 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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Figure 3 C otwcentrate 3 olidification 3ystem Layout
Alternative 3- Mixer Sizing:

& Ribbon Blender is assumed to adecuately mix the diy Petroset-H solidification agent with the "WFE concentrate.
The mixtare of the WFE concentrate and diy solidification agent at 1.36 gpm, and density of 11.73 Ibfzal are
defined in “Btream 17 Sclidified Concentrate™ is uged to caloulate daily rmambers of Soft Sided containers
produced. Then based on the fill wohare of each Boft Bided container, the mixer size and irtervals of mixing to
meet the daily rate of 1. 56 gpin iz determined. The miving and solidification processis conducted as a batch
opetrati ot

Ilass Balance "Stream 17 3olidified C ancentrate" Trgot

Uttream17 GPM= L5 apm
3
Qstream3 Day = 1 7 % 10 call day

2 rectangill ar superzack supplied by MHF Setvices called Five Vard Soft Sided Containet 3ystemm with a
capacity of 5 cubic yard volime and 10,000 1h capacity (and loaded size of BRt L = 4 f W 4 £t H) 15 used.

The ¥ olin e of Each C ontainer: v':'lsack.yd: 55n:13
3
v DISE.C]:‘: = Val SﬂCk.YdIz? ft
Vol = 135 ﬂ3
Maack =
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Assuming the Container Fill Volume of 80%: 80
Volsack 80% = Volsack: 100

3
VOIS&Ck.SO% =108 ft

VOlsaCk.gal.SO% = Volga e govg 74805

VOlsaok.gal.SO% = 808 gallon
Mass Balance "Stream 17 Solidified Concentrate” Input :

PStream17 = 11.73 I/ gel

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

Msack 80% = pStreamlTVOlsack.gal.SO%
MSaCk.SO% = 9477 Ibs

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

Therefore 808 gallons of the solidified concentrate 1s prepared and gravity poured into a container.

Vol 0
Ribbon Blender Size at 80% Fill Capacity: RBlenderSize = M

Fill -7.4805
. DM

3 ;
RBlenderg; .= 135 ft” Full Capacity (equal to 5 yd*)

or

RBlenderSize.gal = RBlenderSize-’f AR05

RBlenderSize.gal =1010 gallon Full capacity
The result indicate a Horizontal Ribbon Blender with calculated full capacity of 135 {3 or 1010 gallon that is
commercially available in the estimated size will meet the mixing operation requirement.

Solidified Concentrate Volumetric Flow Rate: Qupaaml g Qtream]7 GPM-00-24

QStream17.GPM = 196 gpm

3 e
Q = 2246 % 10 gal Solidified Concentrate/
VOlsack.gal.SO% = 808 gallon Stream17.Day day

Number of Contamers Filled to Satisfy Daily Solidification Rate
QStream17 Day

N, =
sack. Stream17.Da
¥ VOISack.gal.SO%

Nsack. Streanii D™ 28 Container of Solidified Concentrate/Day

The result ndicates 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 1s used as the dry powder solidification agent for mixing and solidification. It 13 assumed to be
delivered in bulk truck loads of approximately 42,000 pounds at the WTB facility. The storage silo is sized to store
a truck load of Petroset-H. The feed hopper 1s sized to hold the capacity of the Petroset-H daily mixing use. As
calculated approximately 3 sacks of solidified WFE concentrate 1s produced per day n a batch mixing operation.
Based on the SVF-2440 Eqpt DesignAlt-3 mass balance worksheet the dry Petroset-H, "Stream 16 Solidification
Agent Supply" at a volumetric flow rate of 1.10 gpm 1s mixed with the WFE concentrate, "Stream 3 WFE
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

PStream]6 = 13 lb /gal Petroset-H bulk density

Calculated Volume of Petroset-H per Day Stored m Feed Hopper:
UStream16 Day = “Stream16 0024

3
UStream1 6.Day ~ 1.584 % 10 gal/ day
or

Mgtream16.Day = QStream16.Day P Stream16

4
Mstream16 Day = 1164 10 Ib /day
Feed Hopper Volume at 80% Fill Capacity for Daily Petroset-H Powder Storage:

Fillyy s = 0.8 QStream16.Day
o FeedHoppery ol = T = g0
1 DM J

3
FeedHoppery; ) = 2.647 x 102 ft” . Hopper Storage Volume per Day use

Petroset-H Powder Bulk Volume per Truck Load Delivery:

PStreamls = 732 Ib /gal bulk density Pettl okl oad == 42000 Ibs
PetH 0k cad
PetHT ek vol =
PStream16

PetHT i ovol = 5714 x 103 %alli)ln Petroset-H / Truck
oa

Petroset-H Truck Load Supply Rate:

PEtHTruckVol

Pettl T yokUse = 0
Stream16.Day
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PetHrr okse = 3-61
load

Days Petroset-H Supply / Truck

Storage Silo Volume at 80% Fill Capacity for Petroset-H Powder Storage per Truck Load Delivery:

Fillpy [ = 0.8 _ PetHTrckvol
StorageSiloy,) == m
1 DM -

StorageSiloy, = 955

Feed Hopper and Storage Silo Dimensions:

ft3 Storage Silo Volume at ~ 3.6 days of Storage

Both silo and hopper are shaped as a cylindrical top and a lower conical geometry operating in & mass flow
pattern. Ina mass flow mode all of the material in the hopper/silo is m 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 volume is illustrated in

Figure 4.

VTotal = chlinder *+ Veonical section

2 2

outlet (Equation 1)

vV =
Total 4 12 12

2
jlt'D(Z‘ylinder 'HCylinder Jlt':DCylinder Noone T Doutlet
+

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:

2 2
. DCylinder 'HCylinder T 'DCylinder “Boone
+

v = (Equation 2)
Total 4 12

From Figure 5, the cone height, h, 18 defined in terms of cylinder diameter,
and the half-angle of the conical section, defined as hopper angle, 9 :

s g
M (Equation 3)

hoone = 2-tan(8c)

The Equation 3 is substituted in Equation 2. The storage volume
equation 18 then solved for the diameter and height of cylindrical
section, the hopper angle, @, and the total velume of the hopper
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shown in Equation 4.

_ 4 Degtinder
HCylin der -~ Votal ~

—_— {Equation 4)
D 2 6-tan(ec)
T-Moylinder

The mass-flow silofhoppers are designed with aheight
(cylindncal/parallel section) between one and 4 times the diameter,
Distinger = Hoptinger < 4D cytinger - 88 cutlined in Bulk Solids Handling:

Fi 5 Conical G tr
An Introduction io Fractice and Technolagy. BT AR o B

To determine the hopper angle, 6, (measured from vertical) in a mass flow hopper, the friction term defined as the
angle of wall friction, ¢/, between the bulk Petroset-H powder and the hopper surface need to be measured. It
represent the flow properties of a powder along the hopper wall as aresult of friction between the bullk solid and
the hopper wall surface The angle of wall friction, ¢'1s obtaned by method deseribedin ASTM D-6128,
Standard Test Method for Shear Testing of Bulk Solids using the Jenike Shear Cell. Using the measured ¢,

then the hopper angle |8, that fall in the mass flow region is obtained from the design chart shown in Figure 1-2
For conical hoppers. In the absence of data about angle of wall friction for Petroset-H and a given hopper wall
surface, atypical wall friction angle of approzimately 28° for clay reportedin Flow Praperty Measurement Using
the Jenile Shear Cell for 7 Different Bull Solids 15 assumed for the pre-conceptual sizing. From the design

chart (see Figure 6), the combination of ¢' at 287, and &_at 207 falls within the mass-flow region. Then, the hopper

angle (from vertical) 8, 15 used to estimate the cylinder height (Equation 4), the cone height (Equation 3}, and the
overall hopper height (Height 4., + Heightegp,).

. Funnel ¢
g fj':_? flow \H____l____aj
X i
. :
20° — ¢
¢' Mass (:”/, T
flow < 5. —— Uncertain
10° — {7
T T ] = |

Figure 6 Design Chart For Setting Conical Hopper Angles for Mass Flow (Figure 10-Sobve Solids Handling
Froblems by Retrofitfing)

The "WTE desigh assumes the feed hopper and the storage silo are located inside the building and thereby
considerations are made to maintain the overall hopper height reasonable.
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Using the Hopper Angle (from vertical),6,, at 20° for both the Feed Hopper and the Storage Silo :

Feed Hopper Dimensions:

FeedHoppery;,) = 265 ft3

Feed Hopper Volume:
Hopper Angle (from vertical), 0, D,=20
Select a Cylinder Diameter for the Feed Hopper: DFHcylin dupi= 8.5 ft
Solve for Height of cylindrical and conical sections:
o s : 4 DFHcylinder
Cylindrical Section: HFHcylin der = —2-FeedHopperVO1 — —n
L 'DFHcylinder 6 'tﬂﬂ(e c E)
HFHcylinder =856 ft
D 5
; o FHeylinder
Conical Section: hFHcone — —jlt
2-tan| © -——
M{ & 180]
hEteone = 7-56 ft
: : ; ; . HFHcylinder
Cylinder Section- height to diameter ratio: RatioFH OO i s
If Dcylincler< Hcylinder = 4Dcylinder is not within, then DFHcylinder
re-enter a new cylinder diameter
RathFH =16

Overall Feed Hopper Height: HrfOverall = HFHcylinder + hEfeone

HEfOverall = 162 ft
Storage Silo Dimensions: 3
Storage Silo Volume: BAREEBT Oy =08 i
Hopper Angle (from vertical), 6, 6,=20  degree
Select a Cylinder Diameter for the Storage Silo: DSScylin dap =82 ft
Solve for Height of eylindrical and conical sections:
D .
o . 4 ) SSeylinder
Cylindrical Section: HSScylin der = > -StorageSiloy; ; — %
n-D ; Gtan| B -——
SScylinder ( ¢ 180]
HSScylinder = 143 ft
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D :
; o ] SScylinder
Conical Section: hSScone = —n
Stanl 6 ——
m( & 180)
hageone = 11.26 ft
H :
Cylinder Section- height to diameter ratio: RatioSS = M
It Dcylinder< Hcylinder = 4Dcylinder is not within, then DSScylinder

re-enter a new cylinder diameter
RatioSS =17

Overall Storage Silo Height: Hssoverall = HSScylinder a hSScone

Hysoveral = 296 ft
Mixer, Storage Silo and Feed Hopper Summary:

Horizontal Ribbon Blender: RBlenderg; . = 135 ft3 Full Capacity (equal to 5 yds)
or

RBlenderSize.gal = 1010 gallon Full capacity
Approximately three container of solidified concentrate are generated per day.
Feed Hopper: FeedHoppery; | = 265 ft3 Feed Hopper Storage Volume per Day use

Hopper Angle (from vertical), 6, 0,=20 degree

DFHcylinder =355 ft
HFHcylinder =86 ft

hFHcone = 756 ft

Broveran = 162 ft

Storage Silo: Storagesﬂovol = 055 ft3 Storage Silo Volume at ~ 3.6 days of Storage

Hopper Angle (from vertical), 6, B,=20  degree

DSScylinder =82 ft

HSScylinder =143 ft

hSSCOIle = 1126 ft

Hesoverall = 236 ft

Daily mass of Petroset-H to be transferred from the storage silo to the feed hopper.
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Mgircam16Day = 11642 Tb/day

Alternative 3- Pneumatic Conveying System Sizing:

A pneumatic 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 1s 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 pneumatic conveying system need to be estimated in order to properly
select the gas mover. The major forces mvolved in the pneumatic conveying of bulk solids m 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 dry Petroset-H 13 pneumatically transferred from the storage silo to the feed hopper located above the mixer.
Tt is assumed the feed hopper is filled daily. A mass of 11,642 1bs of Petroset-H, as calculated in the previous
section 1s transferred to the feed hopper per day. The conveying system is assumed to be sized that the transfer
of Petroset-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 Ib/hr of Petroset-H from the storage silo to the feed hopper.

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

M, := 10000 Ib/hr
M
Transfer Duration: t = M
Transtfer M
s
tTransfer = 1-16 hr daily

UTransfer min*= ‘Transfer 67

tTransfer.min = /0 Minutes

It takes approximately 70 minutes to transfer the daily load of Petoset-H from the storage silo to the feed hopper,
thereby the assumption of 10,000 Ib/hr 15 considered reasonable.

As described 1n sections 2.0 and 3.0, the dry 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
avolding 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, and

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 assumes 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.

File: AEM-WRPS-2012-CN-014 Rev 0.xmed

C-26



RPP-RPT-52796, Rev. 0

A EM Consulting, LLC.  Calculation Set No. AEM-WRPS-2012-CN-014 Rev No. 0 Sheet 26 of 34

Mass Flow Rate of Petroset-H Transported Pneumatically: M Ib/hr
The conveying requirements of system are assumed to be:

Minimum Conveying Velocity: Voo =100 ft/s

or

Vil = Vi 3600

s
Vg = 2:52% 10 ft/he

Minimum conveying gas velocity of 70 ft/s is chosen for many powders and granular solids in a dilute-phase mode.
The Solids Friction Factor: by = 0.02 dimensionless

The Solids Loadmng Ratio: b =7 dimensionless

The Absolute Roughness of the Pipeline: Bghe = 1.9003 ft (for smooth-bore steel pipeline)

Assuming Conveying gas 1s at 70 F air and the bulk gas density 1s

Ambient Air Conveying Gas at 70 F and Bulk Air Density: pg = 0.075 lbm/ft3
Atmospheric Pressure: Pam= 147 ps1
e . = b, /ft-
Dynamie Air Viscosity: Mg - 0000012 m 1S
W
Air Mass Flow Rate: g o
M, =1429 103
g = e Ib/hr
...
g.minutes 0
1 :
Mg.minutes = 2381 x 10 Ib/min
1
2
4-Mg
Pipe Diameter Using Mimmum Conveying Velocity: Di=| ————a—

D=031 ftI.D.
Dil’lCh = D12
Dinch =372 m. I.D.

Using a 3.5 in. Sch.40 pipe with and TD-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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3.548 1
2
. . Dinch
Corrected Air Veloeity vg = Vi . 101 s
Dschdo g =
V. p, D
Reynolds Number: B d= _g"g D
te

Ry=1.424x% 105

The Friction Factor from the Moody Diagram (Fluid Mechanics, page 313) is: fg = 0.023
Minimum Required Length from the Solids feed-in Storage Silo: Lisedmin = 30D

Lssdmin= 93  ft

Therefore it 1s conservative to assume a length of 30 ft from the storage silo to the first 90-deg bend

Assumed Length from the Solids feed-in Storage Silo: LFee 4= 50 ft
Assumed Vertical Pipeline Length: Lvertical = 30 It
. ) L coot= 50 ft
Assumed Horizontal Length to the Feed Hopper: Receiver
Number of 90-deg bends Nben q= 5
Equivalent Length of Elbow Leq = 0D
Leq.elbow = 46.5 ft

Reflent T enipth B oy SpRer Bipehng, Leq.system o= Leq.elbow + LFeed T Tvertical T FReceiver

=1765 ft

Leq.system -

Actual Length of Pipeline, Straight Runs Only: Lot ™= Lieed + Lvertical * LReceiver

L. =130 ft

act —

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

Gravitational Constant: o= 422 by ft/lbps
p L
. g 1 eq.system
AP, = fg._.vg  ——
g¢ I

File: AEM-WRPS-2012-CN-014 Rev 0.xmed

C-28



RPP-RPT-52796, Rev. 0

A EM Consulting, LLC.  Calculation Set No. AEM-WRPS-2012-CN-014 Rev No. 0 Sheet 28 of 34

1
Ang =9498 x 10 Iby /2
or

AP, (pyig = ABgp-0.006944 AP, pyig = 0.66 psig

Assuming a slip ratio of 0.8 for the fine powder: Slip:== 0.8

Velocity of Solids: Vg = Vg-Slip

Vg =6165x 101 ft/s

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

P
o g _ 1 2
APy 1= ¢ VgV AP, = 7746 % 100 b/t
B¢
or L
AP pgjg = APy, 0.006944 AP

saPsig = 0.538 psig
Pressure Drop due to moving solids through pipeline:

APp = gt g |y 2 Cact 5
r — e —= |- ; B 5
T e ) B 2D AP o = 4257 x 10°  Top/te

AP, gpyjq = APy4-0.006944

or

APsﬂ:’sig = 2.956 psig

Pressure Drop due to lifting solids trough vertical conduits:

Acceleration By Gravity: 8Gravity = 322 ft/s?
it
E¢
APy = ¢'gGravity'LVertical' v AP =19.7 Ib, /ft2
5
rra
or g

APslPsig i= AP ;-0.006944 APslPsig =0.137 psig
Pressure Drop due to movement of solids through bends:

APgr
eq.elbow’
% Lact

2
APy, =L APy, = 1.524 x 10

APy,psig = APy,+0.006944 APypsiq = 1:058  psig
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The Total Pressure Drop Of the System:

APy := APy pgio + APy pgio + APgppgio + APgipgi + APgpipei
APp =535 psig

After the total pressure drop 1s calculated, the air velocity at the solid's feed pomnt needs to be recalculated due to
the higher pressure

APT # Patm

= = 3
Pg.Corr = Pg’ Pg Corr = 01023 I/t

Patm

The higher air density is due to the pressure drop through the system. With the corrected air density, a new air
velocity 13 calculated to confirm the new velocity 1s within the range of pick up velocity for typical solids particles
at defined pipeline diameter at the feed-in point.

Pg
Vg.new = Vg' -

Pg.Carr

vV, 56.5 ft's

gnew —

In the absence of data for Petroset-H at the feed-in point, the new air velocity at 56.5 ft/s 1s judged reasonable for
the pre-conceptual estimation. For example the V., of air for fine pewders is reported between 40-60 ft/s

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

The new velocity of 56.5 ft/s confirms the initial assumed Vmin of 70ft/s provided a conservative pressure drop for
selection of a gas mover using the calculated pipeline diameter.

_ Mg.minutes

The Volumetric air flow rate: Qg T P
g

Qg =13175 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) of 3.548 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 WFE concentrate.
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Number of RC Samples per Year per Modified Two Storage Tank WFE Concentrate Sample :

QStream?’.Day'DayS

RCSamples—+ =
T VaTModified

RoundRCSampley = round(RCSample2T)

RoundRCSample, = 41 Samples WFE Concentrate/ yr

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

It 15 assumed that a modified WFE condensate tank 1s filled to capacity and an RC sample 1s taken. Then the
tank content 1s transferred to ISO tanks for storage while sampling analysis 1s performed.

QStreamS.Day'DayS

RCSamplew pEcondensate = VoTModified
odifie

RCSampleywrpcondensate = 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, Tnc.)

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% Storage Capacity: VEeedSize = 3750 gallons Size Capacity/ Storage Tank

WFE Condensate Tank Volume at 80% Storage Capacity:

V2T. T 51030  gallons Size Capacity/ WFE Condensate Storage Tank

WEFE Concentrate Tank Volume at 80% Storage Capacity:

VZT. Coiic. Size = 14616 gallon Size Capacity/ WFE Concentrate Storage Tank

The tanks storage capacity and volumes are modified for all three staging operations when a portion of (¥ 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 assumed to hold the volumetric capacity of three TSO containers and thereby identical vessels
are used for all stages of the Alternative-2 processing.

An additional third storage vessel of equal capacity 1s included in the Feed storage configuration for blending of
the off-normal downstreamm WFE concentrate with the feed batches if necessary.
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Modified Tank Volume at 80% Storage Capacity:

VoTModifiedSize = 18750 gallon Size Capacity/ Storage Tank

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

The Wiped Film evaporator (WFE) 1s sized to meet the WFE condensate rate of 4.05 gpm by using 2 units of
Artisan Rototherm® 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 WFE water vapor at 125 °F to liquid water at 82 °F at the overall heat transfer rate of 2,157,269.1 BTU/hr.
A countercurrent flow heat exchanger was selected for applying LMTD as the mean temperature difference in a
basic heat exchanger design equation. The heat exchanger is assumed to be a shell and tube exchanger. Ttis
configured that each WEFE unit operates in series with a heat exchanger to produce a WFE condensate outflow.

The combination of each of the two -WFE unit and heat exchanger- modules operating in parallel produce the
design WFE condensate rate and the overall heat transfer rate.

Total Condenser Heat Transfer Area: Affeat Transfer = 1256 ft2
Heat Transfer Area per WFE and Heat Exchanger Module:
Aper Module = 628 ft2/ 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 into. A horizontal Ribbon Blenders with calculated full capacity of 135 ft3
or 1010 gallon that 15 commercially available 13 estimated. The mixing 1s done in batch operation, and on a daily

basis three Soft Sided containers are filled with 9480 Ibs 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:

3 .
RBlenderg;, , = 135 ft” Full Capacity (equal to 5 yd®)
or

RBlenderSize.gal =1010  gallon Full capacity

A simmgle mixer 1s 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, 6, (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 6, at 20° fell within the mass-flow region.

Feed Hopper: FeedHOpperVol = 265 ft3 Feed Hopper Storage Volume per Day use
Hopper Angle (from vertical), 6, 0,=20 degree
DFHcylinder =35 ft
HFHcylinder =856 ft
hEteone = 7-56 ft
Hpfoverall = 162 ft
Storage Silo: Storagesﬂovol = 055 ft3 Storage Silo Volume at ~ 3.6 days of Storage
Hopper Angle (from vertical), 8 8,=120 degree
DSScylinder =82 ft
HSScylinder = 143 ft
hegoone = 11.26 ft
Hysoveranl = 256 ft

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

Mgtream1 6.Day ~ 11642 Thiiday

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 assumed a positive pressure conveying system using ambient air in a dilute-phase conveying
arrangement. The dry Petroset-H is pneumatically 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 Ibs of dry Petroset-H. The
conveying system is sized to transport 10.000 lb/hr of Petroset-H from storage silo to feed hopper that takes 70
minutes to be completed. The pipeline layout uses a 3.51n. Sch. 40 pipe with an ID=3.548 m., 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 in
order to properly select the gas mover. 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 is suitable for this
application.

The Total Pressure Drop of the System: AP = 535 psig

The Volumetric air flow rate: Qg =317.5 ft3/min at 5.35 psig

File: AEM-WRPS-2012-CN-014 Rev 0.xmed

C-33



RPP-RPT-52796, Rev. 0

A EM Consulting, LLC.  Calculation Set No. AEM-WRPS-2012-CN-014 Rev No. 0 Sheet 33 of 34

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 WIB for the WFE condensate tanks
and WFE concentrate tanks are:

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

RoundRCSampley = 41 Samples WFE Concentrate/ yr

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

RCSamplew R condensate = 142 Samples WFE Condensate/ yr
7.0 Conclusions

The Alternative 3 equipment sizing was performed using the the throughput documented m SVF-2440 at 7500
gallon per day. The tanks storage capacity and volumes were modified for all three staging operations when a
portion of (if needed) storage was supplied also by using ISO tanks. Tn this case each storage tank in a two tank
storage system was sized to hold the volumetric capacity of three ISO containers and thereby 1dentical vessels
were used for all stages of the Alternative-3 processing. An additional third storage vessel of equal capacity was
mcluded m the Feed storage configuration for blending of the oft-normal downstream WFE concentrate with the
feed batches if necessary.

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

Horizontal Ribbon Blenders with calculated full capacity of 135 {t3 or 1010 gallon that is commercially available is
estimated for mixing the Petroset-H dry with the WFE concentrate.

The storage silo and feed hopper are shaped as a cylindrical top and a lower conical geometry operating m a mass
flow pattern. Both hoppers angle, 6, (measured from vertical) was estimated to be 20°. The storage silo volume is
approximately 955 ft3 with the dimension of 8.5 ft i diameter, 13.9 ft 1s 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 volumetric air flow rate of approximately 320 ft3/min at 5.35 psig. The pipeline layout uses a

3.5in. Sch. 40 pipe with an TD=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
prieumatic conveying system was calculated to be 5.35 psig.
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Problem Staiement:
Estimate the potential uncertainty of *°Sr and 2*'Am concentrations in SBS condensate modeling predictions

Summary Conclusions:

Average values from test data used in modeling the LAW Melier decontamination factor are based on an approach
that produces the most conservative estimale (highest estimate) of components transmitted lo the melter off gas.
Alternate averaging approaches indicate that feed components transmitted to the melter off gas may be a factor of
10 less for **Sr and a factor of 2 less for **'Am compared to thal predicted using decontamination factors used in
HTWOS modeling sludies.

Design Basis:

Primary basis begins with HTWOS modeling predictions of SBS condensate compositions and evaluates potential
variability that 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 *Sr (and possibly **' Am) 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 *’Sr and ** Am concentrations in SBS condensate modeling predictions.

Figure 1-1 provides a simplified sketch of a glass melter material balance, where each feed component entering a
glass melter 1s 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.

Off gas component,

[y
-

> Glass Melter
Feed component,

B,
>

Glass component,

Equation (1-1) provides the definition of a decontamination factor based on the nomenclature shown in Figure 1-1.
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 "{raction of feed to
vapor" definition, which is equivalent to the inverse of the decontamination factor (1/DF1) shown in Equation (1-1).

F;
DF; = a (1-1)
where: F; = mass rate of component 1 entering the glass melter, kg/hr
Oy = mass rate of component 1 leaving the glass melter in the off gas, kg/hr
DF; = decontamination factor describing the path of component i through the melter, dimensionless

2.0  InputData

Table 2-1 provides a summary of LAW melter decontamination factors used as a basis for modeling **Sr and *** 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-17152, Hanford Tank Waste Operations Simulator (HTWOS)Version
6.0.1 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-17152
decontamination factors are referenced to the Envelope A values described in Revision 5 of 24590-WTP-RPT-PT-
003, Flowsheet Bases, Assumptions, and Requirements. The decontamination factors listed in 24590-WTP-RPT-
PT-005 were updated in 2011 (Revision 6) and have not vet been incorporated in the basis for system planning
documents. Table 2-1 indicates that the latest estimates for *°Sr and **' 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 *Sr and > Am LAW Melter Decontamination Factors in Alternative Modeling
Descriptions.

Component Fraction of Feed to Vapor Decontamination Factor

*Sr, 8 0.00909 110

“Am 0.01754 57

Source: Table A-3 of RPP-17152, Hanford Tank Waste Operations Simulator (HTWOS)Version 6.6.1 Model
Design Document, Rev 6.

Decontamination Factors

Component Envelope A Envelope B Envelope C
Sr, S’ 110 660 170
TAm, Am™ 57 110 88

Source: Table 3.2-2 of 24590-WTP-RPT-PT-02-005, Flowsheet Bases, Assumptions, and Requirvements, Rev 5.

Decontamination Factors

Component Envelope A Envelope B Envelope C
T 106 570 136
TMAm, 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 1s described in 24590-WTP-M4C-V37T-
00008, Reconciliation of HLW 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 (N'V), 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 °C. 24590-WTP-M4C-V37T-00008 uses the
following basis for volatility bin assighment:

»  Non-volatile bin - ™ > o0t temp
o Semi-volatile bin - T, 2" < T, 051 remp and T;,C;mp = Bonoi fesng
»  Volatile bin - T;7™ < Tpoo temyp

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:

e Non-volatile (NV) bin components: Al, Ca, Cd, Cr, Fe, L1, Mg, N1, Se, Te, Zn, Zr.

e Semi-volatile (SV) bin components: B, B(s), K, Na, P, Pb.

¢  Volatile (V) bin components: Cl(s), Cl, Cs, F(s), F, I(s), I, Re, S(s), 3, Se(s), Se, NH,.

Listings in Table 3.2-2 of 24590-WTP-RPT-PT-02-005, Rev 6, indicate that the components **Sr/Sr™ were assigned
to the non-volatile decontamination factor bin and **Am/Am™ were assigned to the semi-volatile bin.

File: AEM-WRPS-2012-CN-015 Rev 0
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Table 2-2. Average LAW Melter Decontamination Factors from Simulant Test Data.
[ v Gt | GV GZ A HEB HC | HOD HL ~HF MG | hm_ | W | HJ HE ]
1 Eny A Env B Eny G
Z Volabity | Awve D Auve UF Ave DF Volatlity [=nvelope A Ernvelope B Envelape C ]
EU4, ot aliFQ4, ot aljo04, ot al
=R DF 1/DF DF 1/DF DF 1/DF
| 4 | kW Al 523.7 2754.5 1382.0 MYV 13,64 0.07331388 85.3 0011722 15.81 00632466
il 5V Bis) 133.8 470 2823 NV 106,34 | 0.0004048] 65117 | 0001538 186835
5 | W Ca B03.8 | 2045.7 | 11355 NV 104,00 818 | 0001270 | 253,50
7| W Cd 7.0 V 7.0 10030 | U000 4543
[ 8] ) Clis 2.1 390 27 NV 537.3 1564.2 5113 | 0.0010558
ER [ Cr 15.6 B53 15.8 NV 3380 45 7 675,04 | D.0014754
| 10} L Cs 6.6 4246 136 NV 350.1 2754 5 11355 | 0.0008807
i1 ) F(s) 28 80 MY 523,71 |0.0019065| 28338 13820 | 0.0007238
KA 7 Fe 5373 | 15642 NV B506.1 | 0.0011654 116154 17506 | 0.0006712 )
1 13] vl I{s} 63.0 20358 NV BO3 8 13852 56324 | 0.0001775
__i sV K R 675 NV 6352.1 61915 | 00001615 L
15 NV Li 104 0 8512 N 45007 MA
'E N Mg Babe | | 113952 | 61415 SV 18,01 | 00500014 0.016835| 2205 | 0.045348 [
17} SV Na 77.5 256.1 20.9 gV 38.77 | 0.0a51438 0.014784 | 103.42 | 0.0086647 |
| 18] NV Ni 106.3 1868.5 SV B4.19_|0.0118774] 114 0.008737 | 156.69 | 0.0063822
|1g] SV P B4 2 (ALK 1567 5V 77.47_|0.0129087| 11984 |0.008345] 129.83 | 0.0076065 [
|20 SV Fb_| 308 50,4 103.4 BV 133.76 | 0.0074758] 347 0.002882 | 28231 | 0.0035422
21 v Re 2.1 18 14 5V 326,72 | 00000600 0.003805| 16571 7
| 22 | 5(s) L 5.2 7.7 v 16 0.625 0570846] 144 | 06924603
23 v Se(s) 14 - W 2.11 0.4730426 0223112 7.72 0. 1285561
[24] W 51 B58.1 28338 | 17506 WV 340 | 02041176 0061885| 13060 |0.0710203
25 NV il 3400 10060 | 4343 v B.69 | 0.95 0.023501| 2866 | 0.0330251
26 o Zn H0 .1 TE1.D 5115 [} 7.87 01304 364 —
B W Zr 36007 | 1161904 | 56524 v 56 0.0178623
28 SV B 326.7 118.8 1557 WV 6670 |0 VO
[ 29 ] VO cl 382 1.7 10.4 Vi 284 3580 025611 2.75 0.564 2836
E Vi F 6.7 X 73 i) FRE] Bt .0 0. 110658 8.1 01234750
|31 ] Wi 1 2.5 1.4 1.6 Wi B3.01 0158685] 20356 | 0.000481 1855 | 0.005361%
32 vV 5 56.0 45 766 V0 246 |D4052843] 142 | 0704438 161 | 06216317 I
a3 ¥ Se G670 WO 5.70 01755737 1.66 0.603885 10.45 | 00956938
34 [ NH, 16 VD 3818 Jo0261818] 3143 [0318118] 730 | 01370012

Source; 24590-WTP-M4C-V37T-00008, Rev 0, Sheet No. D-9.

24590-WTP-M4C-V37T-00008 describes an averaging approach used to determine an average decontamination
factor for each bin. Individual component decontamination factors are obtained from LAW melter simulant test
data. The component decontamination factors assigned to one of the three bings are averaged and the resulting
average is assumed to represent the decontamination factor for components included in the same bin, but not
included in simulant test feed.

Equation (2-1) indicates the equation used by 24590-WTP-M4 C-V37T-00008 to approximate non-volatile, semi-
volatile, and volatile component average decontaminati on factors. The bin decontamination factors are based on
averaging the fractions of a feed component transmitted to the off gas observed during tests.

N
DEs =—M ( T ) @1
=1 \DF,
where: DF; = the successive DF's to be averaged, dimensionless
N = net number of DF's to be counted, dimensionless
DF... = average decontamination factor, dimensionless
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It should be noted that Equation (2-1) is generdlby applied to most componerts in the component ist Some special
case evaluations were performed in 24500-WTP-MAC YW 37T-0D000% for selected wolatile components. Inaddition
the averaging approach is applied at multiple points n the evaluation When a particular test contains mulfiple nuns,
the decottamination factor observed for each component is averaged using Equation (2-1) to calowlate a test
average for each test The decontamination factors are then averaged over multiple tests usmng Equation (2-17 to
produce an overall average from test data for each component The componernis are then rmed and the
decontamination factors for the multiple component=in a bin aweraged using Equation (2 -1) to determine
decontamination factors for the non-wolatile, semi-volatile, and wolatile components. Table 2-3 summarzes the
remits from the sveraging procedizes.

Tahle 2-3. Calkrulated Average MNon- Volatile, Semi-Voltile, and Volatile L AW Melkier Decontamina tion
Factors.

BT S N B

Average of | Average of ﬁwrage of

Env A Env B EnvC

&
=
ol 3
o
w
=
L

I
L
i
e
o [=
e i |

NV | wWNon-voiatie |
5v Semi volatile il |
v Volsuke i

Source: 24590-WTPMAC-V 37T D000, Rew 0, Sheet No. DO

24500 TP-WAC V37T L0008 also describes an average Sr decortamination factor of ~00 derrved from HLW
melter test observati ons, where individual tests ranged from 55 to 438

3.0 Assumpitions

1. Alternative methods of averaging test data birmed by 24500-WTP-MAC V37T 00008 approximate the
potential range of individual component decontamination factors that may be observed duning operation of
an LAW melter.

4.0  Meihod of Analysis

Indiwdual componert decontaminat on factors within each bin 1dertified by 24500 WTP-WAC V37T 00008 can
vary over muliple orders of magatude Therefore, the approach used to determine an average of decontamination
factors can influence the walue uzed to esimate factors applied to other componerds i a volatility bin. Three
alternative methods of averaging decontammation factors are considered below. The sternate averages are then

File: AEM-WWEPS-2012-CHO15 Rev
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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 1n test simulant.

Averaging Alternative 1 is shown by Equation (4-1) and describes a typical arithmetic average of the observed
decontamination factors for components ina 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.

N
Suml = Z(X!- —X)?
=1

d(Suml)

T =204, — =1+ 420Xy — X)(-1)

= _zi(}{i —X)

) .. d
Suml 1s at a minimum when | (5um1)| = 0, which occurs when:

1)

<
I
'Pﬂ2
&
!
=

= B0
N
where: Suml = the sum of the squares of the indicated differences
N = the number of points being averaged
X = average value of a series of numbers
X = series of numbers to b e averaged

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 1s
consistent with an arithmetic average for the fraction of a feed component transmitted to the melter off gas and
minmimizes 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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RPP-RPT-52796, Rev. 0

A EM Consulting, LL.C. Calculation Set No. AEM-WRPS-2012-CN-015 Rev No. 0 Sheet 8 of 12

N 2
sumz =) (5-3)
”m_,lxi X

. ) d_(SumZ) E
Sum2 1s at a minimum when |T| = 0, which occurs when:

0= (32

i=1

(4-2)

Averaging Alternative 3 is based on the weighting function shown by Equation (4-3). In this case, an average 1s
found by minimizing the sum of the squares of a difference based on the value logarithms. This 1s typically
determined using a numerical procedure, or trial and error calculation.

Sum3 = Z(Ln(Xi) — Ln(X))? 4-3)

Table 4-1 provides a summary of the LAW melter decontamination factors reported in 24590-WTP-M4C-V37T-
000038 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 24590-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 hinear and logarithmic
scales to emphasize the comparison characteristics. The comparison indicates that higher numerical values
dominate the calculated average decontamination factor using Averaging Altemative 1. Lower numerical values
dominate the calculated average decontamination factor using Averaging Altemative 2 and produces the most
conservative estimate of an average decontamination factor. Averaging Alternative 3 produces an average that 1s
intermediate 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 altemative averaging
approaches.
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Table 4-1. Alternative Averaging Approaches for LAW Melter Decontamination Factor Component
Bins.

Bin Component DF 1/DF
Cr 13.64 0.073314
Ni 106.33 0.009405
Li 104.9 0.009533
Cd 117 0.008547
Fe 537.3 0.001861
T1 338.9 0.002951
Zn 350.1 0.002856
Non-volatile Al 523.7 0.001909
51 858.1 0.001165
Ca 803.8 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 {or components in the non-volatile and semi-volatile bins. Current HTWOS modeling is
essentially based on *Sr and ** Am 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 241 Am using
the same binning approach from 24590-WTP-M4C-V37T-00008. The increased decontamination factors imply that
the mass rate of *Sr transmitted to the melter off gas system could potentially be a factor of 10 less than current
predictions by HTWOS, while **' Am could be reduced by a factor of 2.

Table 6-1. Summary of Potential Changes to **Sr and *'Am LAW Melter Decontamination Factors.
Component Bin Model Run DF Potential DF DF Ratio (rounded)
*sr/sr™ Non-Volatile 110 1225 10
T Am/Am” Semi-Volatile 57 114 2
Notes:

1. DF = Decontamination Factor

2. Model Run DF from Table 2-1.

3. Potential DF from Table 4-1 based on Averaging Altemative 1.

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 melter off gas. Alternate averaging
approaches indicate that feed components transmitted to the melter off gas may be a factor of 10 less for *°Sr and a
factor of 2 less for **' Am compared to that predicted using decontamination factors used in HTWOS modeling
studies.
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Problem Statement:

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

e Altemative 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.

« Altemative 3 — Concentrate the SBS condensate, solidify the WFE concentrate, and containerize the resuliant
solidified WFE concentrate for offite disposal.

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, SBS Disposal
PreConcept Alls.
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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 1s shown in Attachment A.

2.0

Input Data

The mnput 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 4-1.

The composition of the SBS condensate batch with the lowest volume to reach the Hazard Category 3 threshold,
batch date 1/10/2020, 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 1 waste disposal limits are taken from SVF-2440, “Class A” worksheet, which converts the
10 CFR 61.55, Table 1 units of Ci/m® and nCi/g to Ci/L.. The Class A, Table 1 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-012, Aliernative I Equipment Sizing
Estimates, AEM-WRPS-2012-CN-013, Alternative 2 Equipment Sizing Estimates, and
AEM-WRPS-2012-CN-014, Alternative 3 Equipment Sizing Estimates n RPP-RPT-52796, Supporting
Calculations for 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 of DOE-STD-1027-92 Hazard
Category 3 Threshold Quantities for the ICRP-30 List of 757 Radionuclides, LANIL Fact Sheet, as allowed by
DOE-STD-1027-92, Hazard Categorization and Accident Analysis Techniques for Compliance with DOE
Order 5480.23, Nuclear Safety Analysis Reports, Table A 1, footnote 2. 1LA-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
thresheld values are shown in Table 4-4.

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 1 of all altematives is based on the average SBS condensate
concentrated to the Class A, Table 1 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 1s based on the SBS condensate batch with
the lowest volume to reach the Hazard Category 3 threshold concentrated to the Class A, Table 1 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 1, 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 WHE 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 transters 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 altemative is determined for two different SBS condensate compositions. Case 1 for
all alternatives 1s based on average SBS condensate concentrated to the Class A, Table 1 waste disposal limits. This
approach 1s based on the following rationale:

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

e SVF-2440, “Class A” worksheet demonstrates that long-lived radionuclides (Table 1), 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 determining the hazard category for Alternative 1 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 determines 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 Case 1 based on comparing the results shown in
Tables 4-5 and 4-6. Therefore, to confirm 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 1 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.

e The “Average Feed at Class A Limits” composition represents the average SBS condensate feed concentrated to
the Class A, Table 1 waste disposal limits. This composition is used to determine the hazard category for Case
1 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:

“Average Feed at Class A __ “Average Feed" Concentration
Limits"” column - column Factor (6.0)

e 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 determine the hazard category for Alternative 1, Case 2. This composition is the
1/10/2020 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 1 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 1.48 te concentrate the “Worst-Case Batch” to the Class A,
Table 1 waste disposal limits. A rounded up concentration factor of 1.5 1s used to calculate the “Worst-Case
Batch at Class A Limits” composition:

“Worst-Case Batch at _ “Worst-Case Batch” Concentration
Class A Limits” column ~— 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 1
waste disposal limits is described below. Table 4-2 shows the calculation results.

e 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 1 waste disposal limits.

¢ The “Class A, Table 1 Limit” column shows the Class A, Table 1 limits in C/L 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 individual limits.

¢ The values in the “Table 1 Fraction™ column are calculated as:

“Table 1 Fraction” _ “Average Feed” , “Class A, Table 1 Limit"
column - column ) column

¢  The “Sum-of-Fractions” line 1s calculated as:

“Sum-of-Fractions” __ Z “Table 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 determination.

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-014. 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 form for Alternative 3 is represented in its equivalent liquid
volume.

The total volume for each alternative 1s 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 1s calculated as follows:

Alternative 1, Case 1 — Average SBS Condensate Feed Concentrated to Class A, Table 1 Limits:

“Inventory” column _ “Average Feed at Class A Alternative 1 total waste
in Table 4-5 Limits” column from Table 4-1 volume from Table 4-3

e Alternative 1, Case 2 — Worst-Case Batch of Unconcentrated SBS Condensate Feed:

“Inventory” column _  "Worst-Case Batch” 50 Alternative 1 total waste
in Table 4-6 column from Table 4-1 volume from Table 4-3

e Alternatives 2 and 3, Case 1 — Average SBS Condensate Feed Concentrated to Class A, Table 1 Limits:

“Inventory” column _ “Average Feed at Class A st Alternative 2/3 total waste
in Table 4-7 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 1
Limits:
“Inventory” column _ “Worst-Case Batch at Class A Alternative 2/3 total waste

in Table 4-8 = Limits” column from Table 4-1 X 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:

“Category 3 Threshold _ “Inventory” . “Hazard Category 3 Threshold”
Fraction” column column column from Table 4-4

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

“Category 2 Threshold _ “Inventory” . “Hazard Category 2 Threshold”
Fraction” column column column from Table 4-4
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¢  The “Sum-of-Fractions” lines are calculated as:

Category 3 “Sum-of- _ “Category 3 Threshold
Fractions” - Fraction” column

Category 2 “Sum-of- _ “Category 2 Threshold
Fractions” - Fraction” column

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

Alternative 1, Case 1 — 66% 129-1
Alternative 1, Case 2 — 91% 1291
Alternative 2 and 3, Case 1 — 66% 129-1
Alternative 2 and 3, Case 2 —91% 129-1

For Alternative 1, Case 1 and Alternatives 2 and 3, Case 1, 137-Cs, 239-Pu, 241-Am, 90-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, 151-8m, 90-5r, 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 1s 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 1 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 1s 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.

Number of Batches Percentage of Batches
SBS Condensate Volume 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, 1s ~ 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

(Ci/L) Class A Limits (Ci/L) (Ci/L) Class A Limits (Ci/L)
106-Ru 1.86E-14 1.12E-13 8.03E-18 1.20E-17
113m-Cd 2.31E-08 1.39E-07 3.26E-07 4.89E-07
125-5b 5.07E-08 3.04E-07 9.05E-08 1.36E-07
126-Sn 5.64E-09 3.38E-08 5.97E-08 8.96E-08
129-1 6.32E-08 3.79E-07 6.23E-07 9.35E-07
134-Cs 1.16E-12 6.96E-12 2.23E-11 3.35E-11
137-Cs 3.37E-06 2.02E-05 2. 47E-05 3.71E-05
137m-Ba 3.19E-06 1.91E-05 2.33E-05 3.50E-05
14-C 0.00E+00 0.00E+00 0.00E+00 0.00E+00
151-Sm 2.41E-06 5.65E-05 1.35E-04 2.03E-04
152-Eu 9.42E-10 5.65E-09 9.55E-09 1.43E-08
154-Eu 1.18E-08 7.08E-08 8.39E-08 1.26E-07
155-Eu 3.26E-09 1.96E-08 5.20E-08 7.80E-08
226-Ra 4.36E-12 2.62E-11 4.42E-11 6.63E-11
227-Ac 3.34E-12 2.00E-11 2.15E-10 3.23E-10
228-Ra 1.86E-10 1.12E-09 4.89E-12 7.34E-12
229-Th 2.65E-12 1.59E-11 6.78E-13 1.02E-12
231-Pa 4.62E-11 2.77E-10 1.78E-09 2.67E-09
232-Th 6.05E-12 3.63E-11 1.30E-12 1.95E-12
232-U 1.08E-11 6.48E-11 2.88E-11 4.32E-11
233-U 7.56E-10 4.54E-09 2.64E-09 3.96E-09
234-U 3.38E-10 2.03E-09 3.73E-09 5.60E-09
235-U 1.39E-11 8.34E-11 1.47E-10 2.21E-10
236-U 1.10E-11 6.60E-11 1.94E-10 2.91E-10
237-Np 5.48E-10 3.29E-09 4.37E-09 6.56E-09
238-Pu 1.48E-09 8.88E-09 2.14E-09 3.21E-09
238-U 3.15E-10 1.89E-09 3.00E-09 4.50E-09
239-Pu 2.90E-08 1.74E-07 1.32E-08 1.98E-08
240-Pu 6.28E-09 3.77E-08 7.58E-09 1.14E-08
241-Am 1.49E-07 8.94E-07 1.24E-08 1.86E-08
241-Pu 2.43E-08 1.46E-07 3.78E-08 5.67E-08
242-Cm 3.14E-10 1.88E-09 2.09E-11 3.14E-11
242-Pu 4.98E-13 2.99E-12 6.60E-13 2.90E-13
243-Am 1.56E-10 9.36E-10 1.36E-11 2.04E-11
243-Cm 2.03E-11 1.22E-10 9.02E-13 1.35E-12
244-Cm 3.41E-10 2.05E-09 1.66E-11 2.49E-11
3-H 0.00E-+00 0.00E+00 0.00E+00 0.00E+00
59-Ni 6.08E-09 3.65E-08 1.21E-08 1.82E-08
60-Co 1.69E-09 1.01E-08 2.01E-08 3.02E-08
63-Ni 4.43E-07 2.66E-06 1.01E-06 1.52E-06
79-Se 9.51E-08 5.71E-07 1.52E-07 2.28E-07
90-5r 1.30E-06 7.80E-06 3.45E-06 5.18E-06
90-Y 1.30E-06 7.80E-06 3.45E-06 5.18E-06
93-Zr 1.01E-09 6.06E-09 2.00E-08 3.00E-08
93m-Nb 4.27E-08 2.56E-07 8.81E-07 1.32E-06
00-Tc 4.35E-05 2.61E-04 1.78E-04 2.67E-04
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Table 4-2. Concentration Factor.

Radionuclide Average Feed (Ci/L) Clasez, ('(l;?/lilj Lt Table 1 Fraction

14-C 0.00E+00 0.0003 0.00000

99-Te 4.35E-05 0.0003 1.45E-01

129-1 6.32E-08 0.000008 7.90E-03

237-Np 5.48E-10 1.00E-05 * 1.87E-02
238-Pu 1.48E-09
239-Pu 2.90E-08
240-Pu 6.28E-09
241-Am 1.49E-07
242-Pu 4.98E-13
243-Am 1.56E-10
243-Cm 2.03E-11
244-Cm 3.41E-10

241-Pu 2.43E-08 3.50E-04 6.94E-05

242-Cm 3.14E-10 2.00E-03 1.57E-07

Sum-of-Fractions 0172

Concentration Factor (1/Sum-of-Fractions) 5.81

Rounded Concentration Factor 6.0

* composite limit for alpha-emitting radionuclides with a half-life greater than 5 years.
Table 4-3. Waste Volumes.
Alternative Tank Tank Volume Total

Feed 2x 31,250 gal 62,500 gal

1 Incoming/Outgoing Shipping | 7 day x 7500 gal/day = 52,500 gal = 55,000 gal * 55,000 gal

Total 117,500 gal

445,000 1,

Feed 318,750 gal 56,250 gal

Concentrate 2x 18,750 gal 37,500 gal

5 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 increment of 5000 gallons, the anticipated shipping container volume.

File: AEM-WRPS-2012-CN-017 Rev 0.doc

E-10




RPP-RPT-52796, Rev. 0

A EM Consulting, LL.C. Calculation Set No. AEM-WRPS-2012-CN-017 Rev No. 0 Sheet 10 of 18

Table 4-4. Hazard Category Threshold Values.

. . Hazard Category 3 Hazard Category 2
Radionuclide Threshold %Cg Threshold %cg
106-Ru 1.00E+02 6.5E+03
113m-Cd 1.18E+01 N/A
125-Sb 1.20E+03 N/A
126-8n 1.70E+02 3 3E+05
129-1 6.00E-02 N/A
134-Cs 4 20E+01 6.0E+04
137-Cs 6.00E+01 8.9E+04
137m-Ba N/A N/A
14-C 4. 20E+02 1.4E+06
151-Sm 1.00E+03 9.9E+05
152-Eu 2.00E+02 1.3E+05
154-Eu 2.00E+02 1.1E+05
155-Eu 9.40E+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 9 40E-02 N/A
231-Pa 2.00E-01 N/A
232-Th 1.00E-01 1.8E+01
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 2.4E+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 2.4E+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 1.7E+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 1.04E+00 N/A
3-H 1.66E+04 3.0E+05
59-N1 1.18E+04 N/A
60-Co 2.80E+02 1.9E+05
63-Ni 5.40E+03 4 5E+06
79-Se 3.60E+02 N/A
90-Sr 1.60E+01 2.2E+04
90-Y 1.42E+03 N/A
93-7r 6.20E+01 8.9E+04
93m-Nb 2.00E+03 N/A
99.-Te 1.70E+03 3.8E+06

File: AEM-WRPS-2012-CN-017 Rev 0.doc



RPP-RPT-52796, Rev. 0

A EM Consulting, LL.C.

Calculation Set No. AEM-WRPS-2012-CN-017 Rev No. 0

Sheet 11 of 18

Table 4-5. Alternative 1, Case 1 Hazard Category Sum-of-Fractions.

Radionuclide Inventory (Ci) Category 3 Threshold Fraction | Category 2 Threshold Fraction
106-Ru 4.98E-08 4.98E-10 7.66E-12
113m-Cd 6.19E-02 5.25E-03 N/A
125-Sb 1.35E-01 1.13E-04 N/A
126-5n 1.50E-02 8.82E-05 4.55E-08
129-1 1.69E-01 2.82E+00 N/A
134-Cs 3.10E-06 7.38E-08 5.17E-11
137-Cs 8.99E+00 1.50E-01 1.01E-04
137m-Ba 8.50E+00 N/A N/A
14-C 0.00E+00 0.00E+00 0.00E+00
151-Sm 2.51E+01 2.51E-02 2.54E-05
152-Eu 2.51E-03 1.26E-05 1.93E-08
154-Eu 3.15E-02 1.58E-04 2.86E-07
155-Eu 8.72E-03 9.28E-06 1.19E-08
226-Ra 1.17E-05 9.75E-07 N/A
227-Ac 8.90E-06 2.12E-04 2.07E-06
228-Ra 4.98E-04 4.15E-05 N/A
229-Th 7.08E-06 7.53E-05 N/A
231-Pa 1.23E-04 6.15E-04 N/A
232-Th 1.62E-05 1.62E-04 9.00E-07
232-U 2.88E-05 3.51E-05 N/A
233-U 2.02E-03 4.81E-04 9.18E-06
234-U 9.03E-04 2.15E-04 4.10E-06
235-U 3.71E-05 8.83E-06 1.55E-07
236-U 2.94E-05 7.00E-06 N/A
237-Np 1.46E-03 3.48E-03 2.52E-05
238-Pu 3.95E-03 6.37E-03 6.37E-05
238-U 8.41E-04 2.00E-04 3.50E-06
239-Pu 7.74E-02 1.49E-01 1.38E-03
240-Pu 1.68E-02 3.23E-02 N/A
241-Am 3.98E-01 7.65E-01 7.24E-03
241-Pu 6.50E-02 2.03E-03 2.24E-05
242-Cm 8.37E-04 2.62E-05 4.92E-07
242-Pu 1.33E-06 2.15E-06 N/A
243-Am 4.17E-04 8.02E-04 7.58E-06
243-Cm 5.43E-05 6.62E-05 N/A
244-Cm 9.12E-04 8.7TE-04 N/A
3-H 0.00E+00 0.00E+00 0.00E+00
59-Ni 1.62E-02 1.37E-06 N/A
60-Co 4.49E-03 1.60E-05 2.36E-08
63-Ni 1.18E+0Q0 2.19E-04 2.62E-07
79-3e 2.54E-01 7.06E-04 N/A
90-3r 3.47E+00 2.17E-01 1.58E-04
90-Y 3.47E+00 2.44E-03 N/A
93-Zr 2.70E-03 4.35E-05 3.03E-08
93m-Nb 1.14E-01 5.770E-05 N/A
99-Tc 1.16E+02 6.82E-02 3.05E-05

Sum-of-Fractions 43 9.1E-03
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Table 4-6. Alternative 1, Case 2 Hazard Category Sum-of-Fractions.

Radionuclide Inventory (Ci) Category 3 Threshold Fraction | Category 2 Threshold Fraction
106-Ru 3.57E-12 3.57E-14 5.49E-16
113m-Cd 1.45E-01 1.23E-02 N/A
125-Sb 4.03E-02 3.36E-05 N/A
126-5n 2.66E-02 1.56E-04 8.06E-08
129-1 2.77E-01 4.62E+00 N/A
134-Cs 9.92E-06 2.36E-07 1.65E-10
137-Cs 1.10E+01 1.83E-01 1.24E-04
137m-Ba 1.04E+01 N/A N/A
14-C 0.00E+00 0.00E+00 0.00E+00
151-Sm 6.01E+01 6.01E-02 6.07E-05
152-Eu 4.25E-03 2.13E-05 3.27E-08
154-Eu 3.73E-02 1.87E-04 3.39E-07
155-Eu 2.31E-02 2.46E-05 3.16E-08
226-Ra 1.97E-05 1.64E-06 N/A
227-Ac 9.57E-05 2.28E-03 2.23E-05
228-Ra 2.18E-06 1.82E-07 N/A
229-Th 3.02E-07 3.21E-06 N/A
231-Pa 7.92E-04 3.96E-03 N/A
232-Th 5.79E-07 5.779E-06 3.22E-08
232-U 1.28E-05 1.56E-05 N/A
233-U 1.17E-03 2. 79E-04 5.32E-06
234-U 1.66E-03 3.95E-04 7.55E-06
235-U 6.54E-05 1.56E-05 2.73E-07
236-U 8.63E-05 2.05E-05 N/A
237-Np 1.94E-03 4.62E-03 3.34E-05
238-Pu 9.52E-04 1.54E-03 1.54E-05
238-U 1.34E-03 3.19E-04 5.58E-06
239-Pu 5.87E-03 1.13E-02 1.05E-04
240-Pu 3.37E-03 6.48E-03 N/A
241-Am 5.52E-03 1.06E-02 1.00E-04
241-Pu 1.68E-02 5.25E-04 5.79E-06
242-Cm 9.30E-06 2.91E-07 5.47E-09
242-Pu 2.94E-07 4.74E-07 N/A
243-Am 6.05E-06 1.16E-05 1.10E-07
243-Cm 4.01E-07 4.89E-07 N/A
244-Cm 7.39E-06 7.11E-06 N/A
3-H 0.00E+00 0.00E+00 0.00E+00
59-Ni 5.38E-03 4.56E-07 N/A
60-Co 8.94E-03 3.19E-05 4.71E-08
63-Ni 4.49E-01 8.31E-05 9.98E-08
79-3e 6.76E-02 1.88E-04 N/A
90-3r 1.54E+00 9.63E-02 7.00E-05
90-Y 1.54E+00 1.08E-03 N/A
93-Zr 8.90E-03 1.44E-04 1.00E-07
93m-Nb 3.92E-01 1.96E-04 N/A
99-Tc 7.92E+01 4.66E-02 2.08E-05

Sum-of-Fractions 5.1 5.8E-04
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Table 4-7. Alternatives 2 and 3, Case 1 Hazard Category Sum-of-Fractions.

Radionuclide Inventory (Ci) Category 3 Threshold Fraction | Category 2 Threshold Fraction
106-Ru 8.64E-08 8.64E-10 1.33E-11
113m-Cd 1.07E-01 9.07E-03 N/A
125-Sb 2.34E-01 1.95E-04 N/A
126-5n 2.61E-02 1.54E-04 71.91E-08
129-1 2.92E-01 4.87E+00 N/A
134-Cs 5.37E-06 1.28E-07 8.95E-11
137-Cs 1.56E+01 2.60E-01 1.75E-04
137m-Ba 1.47E+01 N/A N/A
14-C 0.00E+00 0.00E+00 0.00E+00
151-Sm 4.36E+01 4.36E-02 4.40E-05
152-Eu 4.36E-03 2.18E-05 3.35E-08
154-Eu 5.46E-02 2.73E-04 4.96E-07
155-Eu 1.51E-02 1.61E-05 2.07E-08
226-Ra 2.02E-05 1.68E-06 N/A
227-Ac 1.54E-05 3.67E-04 3.58E-06
228-Ra 8.64E-04 7.20E-05 N/A
229-Th 1.23E-05 1.31E-04 N/A
231-Pa 2.14E-04 1.07E-03 N/A
232-Th 2.80E-05 2.80E-04 1.56E-06
232-U 5.00E-05 6.10E-05 N/A
233-U 3.50E-03 8.33E-04 1.59E-05
234-U 1.57E-03 3.74E-04 7.14E-06
235-U 6.43E-05 1.53E-05 2.68E-07
236-U 5.09E-05 1.21E-05 N/A
237-Np 2.54E-03 6.05E-03 4.38E-05
238-Pu 6.85E-03 1.10E-02 1.10E-04
238-U 1.46E-03 3.48E-04 6.08E-06
239-Pu 1.34E-01 2.58E-01 2.39E-03
240-Pu 2.91E-02 5.60E-02 N/A
241-Am 6.89E-01 1.33E+00 1.25E-02
241-Pu 1.13E-01 3.53E-03 3.90E-05
242-Cm 1.45E-03 4.53E-05 8.53E-07
242-Pu 2.31E-06 3.73E-06 N/A
243-Am 7.22E-04 1.39E-03 1.31E-05
243-Cm 9.41E-05 1.15E-04 N/A
244-Cm 1.58E-03 1.52E-03 N/A
3-H 0.00E+00 0.00E+00 0.00E+00
59-Ni 2.81E-02 2.38E-06 N/A
60-Co 7.79E-03 2.78E-05 4.10E-08
63-Ni 2.05E+00 3.80E-04 4.56E-07
79-3e 4.40E-01 1.22E-03 N/A
90-3r 6.01E+00 3.76E-01 2.73E-04
90-Y 6.01E+00 4.23E-03 N/A
93-Zr 4.67E-03 7.53E-05 5.25E-08
93m-Nb 1.97E-01 9.85E-05 N/A
99-Tc 2.01E+02 1.18E-01 5.29E-05

Sum-of-Fractions 7.4 1.6E-02
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Table 4-8. Alternatives 2 and 3, Case 2 Hazard Category Sum-of-Fractions.

Radionuclide Inventory (Ci) Category 3 Threshold Fraction | Category 2 Threshold Fraction
106-Ru 9.25E-12 9.25E-14 1.42E-15
113m-Cd 3.77E-01 3.19E-02 N/A
125-Sb 1.05E-01 8.75E-05 N/A
126-5n 6.91E-02 4.06E-04 2.09E-07
129-1 7.21E-01 1.20E+01 N/A
134-Cs 2.58E-05 6.14E-07 4.30E-10
137-Cs 2.86E+01 4.77E-01 3.21E-04
137m-Ba 2.70E+01 N/A N/A
14-C 0.00E+00 0.00E+00 0.00E+00
151-Sm 1.57E+02 1.57E-01 1.59E-04
152-Eu 1.10E-02 5.50E-05 8.46E-08
154-Eu 9.71E-02 4.86E-04 8.83E-07
155-Eu 6.01E-02 6.39E-05 8.23E-08
226-Ra 5.11E-05 4.26E-06 N/A
227-Ac 2.49E-04 5.93E-03 5.79E-05
228-Ra 5.66E-06 4.72E-07 N/A
229-Th 7.86E-07 8.36E-06 N/A
231-Pa 2.06E-03 1.03E-02 N/A
232-Th 1.50E-06 1.50E-05 8.33E-08
232-U 3.33E-05 4.06E-05 N/A
233-U 3.05E-03 7.26E-04 1.39E-05
234-U 4.32E-03 1.03E-03 1.96E-05
235-U 1.70E-04 4.05E-05 7.08E-07
236-U 2.24E-04 5.33E-05 N/A
237-Np 5.06E-03 1.20E-02 8.72E-05
238-Pu 2.47E-03 3.98E-03 3.98E-05
238-U 3.47E-03 8.26E-04 1.45E-05
239-Pu 1.53E-02 2.94E-02 2.73E-04
240-Pu 8.79E-03 1.69E-02 N/A
241-Am 1.43E-02 2.75E-02 2.60E-04
241-Pu 4.37E-02 1.37E-03 1.51E-05
242-Cm 2.42E-05 7.56E-07 1.42E-08
242-Pu 7.63E-07 1.23E-06 N/A
243-Am 1.57E-05 3.02E-05 2.85E-07
243-Cm 1.04E-06 1.27E-06 N/A
244-Cm 1.92E-05 1.85E-05 N/A
3-H 0.00E+00 0.00E+00 0.00E+00
59-Ni 1.40E-02 1.19E-06 N/A
60-Co 2.33E-02 8.32E-05 1.23E-07
63-Ni 1.17E+00 2.17E-04 2.60E-07
79-3e 1.76E-01 4.89E-04 N/A
90-3r 3.99E+00 2.49E-01 1.81E-04
90-Y 3.99E+00 2.81E-03 N/A
93-Zr 2.31E-02 3.73E-04 2.60E-07
93m-Nb 1.02E+00 5.10E-04 N/A
99-Tc 2.06E+02 1.21E-01 5.42E-05

Sum-of-Fractions 13.2 1.5E-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.

Table 6-1. Hazard Category Threshold Sum-of-Fractions Summary.

Alternative Case Hazard Category 3 Hazard Category 2
Threshold Threshold
Sum-of-Fractions Sum-of-Fractions
1 1. Concentrated Average Feed 43 9.1E-03
2. Unconcentrated Worst-Case Batch 5.1 5.8E-04
2 and 3 1. Concentrated Average Feed 7.4 1.6E-02
2. Concentrated Worst-Case Batch 13.2 1.5E-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 1 cases are based on a total waste volume of 117,500 gallons. The Alternative 1 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 Alts.
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