
RPP-RPT-37741, Rev. 0

Project W-551 Determination Data for Early LAW
Interim Pretreatment System Selection

A. R. Tedeschi
CH2M HILL Hanford Group, Inc.

Richland, WA 99352
U.S. Department of Energy Contract DE-AC27-99RL14047

EDT/ECN: N/A
Cost Center:
B&RCode:

UC:
Charge Code:
Total Pages: 'il'o-r

Key Words: Interim Pretreatment System, Project W-551, Early LAW, IPS, down-select, crossflow
filtration, rotary microfiltration, fractional crystallization, caustic side solvent extraction, ion exchange

Abstract: This report provides the detailed assessment forms and data for selection of the solids
separation and cesium separation technology for project W-551, Interim Pretreatment System. This project
will provide early pretreated low activity waste feed to the Waste Treatment Plant to allow Waste
Treatment Plan Low Activity Waste facility operation prior to construction completion of the Pretreatment
and High Level Waste facilities. The candidate solids separations technologies are rotary microfiltration
and crossflow filtration, and the candidate cesium separation technologies are fractional crystallization,
caustic-side solvent extraction, and ion-exchange using spherical resorcinol-formaldehyde resin. This data
was used to prepare a cross-cutting technology summary, reported in RPP-RPT-37740.

TRADEMARK DISCLAIMER. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply Its endorsement, recommendation, or
favoring by the United Slates Government or any agency thereof or its contractors or subcontractors.

10:

Release SlampDate/

Printed in the United States of America. To obtain copies of this document, contact: Document Control SelVlces,
P.O. Box 950, Mallstop H6-0a, Richland WA 99352, Phone (509) 372-2420; Fra;;;X;,;,(5;;,;0;,;;9.:.)3;;,;7.;;6-4~98:Oi9;:. ,

~.~

\.\. .

~\ATE:
&A:)7

Approved For Public Release

A-6002-767 (REV 1)



Tank Farm Contractor (TFC) (1) Document Number:

RECORD OF REVISION RPP-RPT-37741 Page I

(2) TIDe:

Project W-551 Determination Data for Early LAW Interim Pretreatment System Selection

Change Control Record

(3) Authorized for Release
Revision (4) Description of Change - Replace, Add, and Delete Pages

(5) Resp. Engr. (prinUslgnldate) (6) Resp. Mgr. (poj/lUslgn/dale)

0 RS Initial Release AR TedescL'/.M.......I,. Jg'7-dj KAColosi/./?...;1u; ~h

A-6003-635 (REV 1)



RPP-RPT-37741
Revision 0

PROJECT W-551 DETERMINATION DATA FOR EARLY LAW
INTERIM PRETREATMENT SYSTEM SELECTION

A. R. Tedeschi
CH2M HlLL Hanford Group, Inc.

Date Published
August 2008

CH2MHILL
Hanford Group, Inc.

Post Office Box 1500
Richland, Washington

S. Schans
K. Shah
A. Cntrona
C.Ervin
P. Kison
D. Teachout
A E M Consulting, LL C

Prepared for the U. S. Department of Energy
Assistant Secretary for Environmental Management

Project Hanford Management Contractor for the
u.s. Department of Energy under Contract DE-AC06-96RL13200

Approved for public release; distribution is unlimited



This page intentionally left blank.

2

RPP-RPT-37741, Rev 0



RPP-RPT-37741, Rev 0

TABLE OF CONTENTS

1.0 PURPOSE 5

2.0 INTRODUCTION 5

3.0 DATA DISCUSSION 6

4.0 REFERENCES 7

TABLE OF FIGURES

Figure 2-1 Document Role for IPS Technology Decision 5

ATTACHMENTS

A Criteria, Measures, and Definitions Table from Decision Plan

B Cross-flow Filtration Assessment Forms

C Rotary Microfiltration Assessment Forms

D Caustic Side Solvent Extraction Assessment Forms

E Fractional Crystallization Assessment Forms

F Ion Exchange Assessment Forms

G Five Year Life-Cycle Cost Estimate

H Comparison of IPS Cesium Separation Technology Alternatives Over
Initial Five Years of Operation

I Pretreatment Technologies Status Presentations

J IPS Cost & Schedule Basis of Estimate

3



ALARA
CAA
CFF
CSSX
D&D
DOE
DST
ETF
FC
ILAW
IPS
IX-sRF
LAW
MAR
NEPA
NESHAPS
NPDES
PM
RCRA
RMF
RPP
SEPA
TRL
WAC
WTP

RPP-RPT-3774l, Rev 0

LIST OF TERMS

As low as reasonably achievable
Clean Air Act
Cross-Flow Filtration
Caustic-side cesium extraction
Decontamination & decommissioning
U. S. Department of Energy
Double-shell Tank
Effiuent Treatment Facility
Fractional Crystallization
Immobilized low-activity waste
Interim Pretreatment System
Ion Exchange (using) Spherical Resorcinol-Formaldehyde resin
Low-activity waste
Materials at risk
National Environmental Policy Act
National Emissions Standards for Hazardous Air Pollutants
National Pollutant Discharge Elimination System
Preventative Maintenance
Resource Conservation and Recovery Act
Rotary Microfiltration
River Protection Project
State Environmental Policy Act
Technology Readiness Level
Washington Administrative Code
Waste Treatment Plant

4



RPP-RPT-37741, Rev 0

1.0 PURPOSE

The purpose ofthis document is to compile the detailed data to address technology criteria lines of
inquiry defined in the Decision Plan: Selection ofEarly LAW Interim Pretreatment Processes for
Removal ofEntrained Solids and Cesium, RPP-PLAN-37558 (CH2M HILL 2008 a). This data was
collected as individual assessment forms generally matching the specific criteria decision line for
potential technologies to be selected for the Interim Pretreatment System (IPS) project.

This data in this document was used to prepare a report that summarized the assessments and organized
this summary in a cross-cutting technology matrix, reported in Project W-551 Summary Informationfor
Early LAW Interim Pretreatment System Selection, RPP-RPT-37740 (CH2M HILL 2008 c). This
summary information, along with the detailed assessment data in this report, will be used by the IPS
Decision Board to select final technology(s) application.

2.0 INTRODUCTION

Project W-551 will construct and operate the IPS to supply low activity waste (LAW) feed to the Waste
Treatment Plant (WTP). Construction of the WTP LAW treatment system is expected to be completed at
least five years prior to the WTP pretreatment facility. The IPS will thus allow earlier operation ofthe
WTP LAW treatment facility by providing an early feed supply.

CH2M HILL Hanford Group, Inc. (CH2M HILL) was chartered by the Department of Energy, Office of
River Protection (ORP) to assess several probable solids separation and cesium separation technologies
for the IPS, and begin further project pre-conceptual effort on the selected technologies. The candidate
technologies for entrained solids removal were cross-flow filtration (CFF) and rotary micro-filtration
(RMF). The candidate technologies for cesium separations were fractional crystallization (FC), caustic
side solvent extraction (CSSX), and ion exchange using spherical resorcinol-formaldehyde resin (IX
sRF). Detailed technology information is located in Project W-551 Interim Pretreatment System Pre
Conceptual Candidate Technology Descriptions, RPP-RPT-37551 (CH2M HILL 2008b).

A decision process was defined (CH2M HILL 2008a) to select one solids separation and one cesium
separation technology. The assessment data within this document, RPP-RPT-37741, contains details
about individual technologies to support that decision process. The role ofthis document in the decision
process is shown below in Figure 2-1.

Figure 2-1 Document Role for IPS Technology Decision

Identify Value for
Identify Candidate Define Decision

Early LAW r+ ~Technologies Process -
Operation

Recommend Conduct Decision
Develop

Technology(s) ~ Board Evaluation ~ Comparative ...
Evaluation Data

Reports RPP-RPT-37740
and RPP-RPT-37741
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3.0 DATA DISCUSSION

3.1 DATA GENERATION PROCESS

Five criteria areas were defined in the decision process for weighted evaluation:

• Safety

• Regulatory

• Technical Readiness

• Operability and Maintainability

• Programmatic.

These areas were then categorized by key sub-criteria. For example Safety was further subdivided into
Process Safety, Criticality Safety, and Industrial Safety. Specific measures and definitions were then
identified in the same decision process and given initial weights for evaluation purposes. This
information was made into a table, documented in RPP-PLAN-37558 (CH2M HILL 2008 a). A copy of
that table is included as Attachment A.

Subject matter experts were then assigned to each ofthe five main criteria areas for technology
evaluation. Contract experts and subject matter teams were employed to develop and gather data from
existing reports, presentations, documents, and workshops for each specific measure and definition. This
data was compiled into the format established in the Decision Plan (CH2M HILL 2008a) as individual
assessment forms, generally per measure and definition line. The drafted assessment form was peer
reviewed and then reviewed by the subject matter expert. The assessment forms are contained in
Attachments B - G, organized by candidate technology.

This document is being issued after completion of the Decision Board review process, in parallel with the
summary document previously mentioned (CH2M HILL 2008c) and the Decision Board results document
(CH2M HILL 2008d). This release process was defined to ensure a simple package of data and decision
bases without issuing revisions or having to provide extensive explanation of changes in the iterative
process.

For example, the Decision Board reviewed some ofthe data and decided that the strategy employed by
the assessment form author needed changed; e.g., the Decision Board interpreted the definition line
differently, or the strategy and/or bases were inadequate to define a qualifier sufficient for Board use. In
this small number of instances the data form or summary table was revised with either new or different
data to address Board issues and questions. Some assessment forms in the Attachments thus are noted in
the author date field as being updated - this reflects a change from the initial assessment form/summary
first seen by the Board in its early meetings. The Decision Board in the final meetings then reviewed the
changed assessments/summaries to ensure consistency with their evaluation. The assessment forms in
this document and the related summary table in RPP-RPT-37740 (CH2M HILL 2008c) reflect the latest
data reviewed by the IPS Decision Board.

The cost assessment was performed upon the paired solids separation and cesium separation technologies.
This was documented in a single assessment form but copied for each individual the technology
Attachment section for completeness. Thus, the assessment forms for criteria items 5.1.1, 5.1.2, and 5.1.3
are identical for each ofthe five technologies

6
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3.2 SUPPORTING INFORMATION FOR DECISION PROCESS

This document also contains reorganized data from the assessment forms and ancillary information
requested for review by the Decision Board during its evaluation phases. That data is included in
Attachments G -J.

4.0 REFERENCES

CH2M HILL 2008a, Decision Plan: Selection ofEarly LAW Interim Pretreatment System
Processes for Removal ofEntrained Solids and Cesium, RPP-PLAN-37558, Rev. 0, April
2008, CH2M HILL Hanford Group Inc., Richland, WA.

CH2M HILL 2008b, Project W-551lnterim Pretreatment System Pre-Conceptual Candidate

Technology Descriptions, RPP-RPT-37551, Rev. 0, June 2008, CH2M HILL Hanford Group
Inc., Richland, WA.

CH2M HILL 2008c, Project W-551 Summary Informationfor Early LAWPretreatment System
Selection, RPP-RPT-37740, Rev 0, July 2008, CH2M HILL Hanford Group Inc.,
Richland, WA.

CH2M HILL 2008d, Project W-551 Interim Pretreatment System Technology Selection
Summary Decision Report and Recommendation, RPP-RPT-38057, Rev 0, July 2008,
CH2M HILL Hanford Group Inc., Richland, WA.
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Attachment A

Criteria, Measures, and Defmitions Table from Decision Plan (CH2M HILL 2008a)

No. Criteria Weight No. Measures Ranking No. DefinitionsFactor Factor
1.1.1 Quantity of material at risk (MAR) - radiological

1 Safety 25 1.1 Process Safety 50 and chemical - less is better

1.1.2 Concentration of radiological and chemical MAR
- less is better

1.1.3 Dispersability of the MAR - less dispersible form
is better (e.g., solids over liquids over powders
over gases)

1.14 Dispersive energy, e.g., heat, off gassing,
pressure, etc. inherent in the process - less
dispersive energy is better

1.1.5 Process Stability - including ease of process
control/shutdown -- easier/faster process
shutdown is better

1.1.6 Process that does not create a new or
exacerbate an existing Tank Farm hazard is
preferred to one that does

1.1.7 Less fire hazard (e.g. less quantity of
combustibles, including flammable gas, less
flammable combustibles, etc.)

11.8 Reactive Chemicals - Process with less
reactive chemicals (reactivity) is better

1.2.1 A Process that is inherently sub critical is
1.2 Criticality Safety preferred over a process that relies on criticality

25 controls

1.3.1 Less hazards~ess severe hazardous is better

1.3
Industrial Safety and (e.g., less hazardous chemicals, less noise, less

Hygiene hot surfaces, less rotating equipment, less

25
confined spaces, etc.)
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Attachment A

Criteria, Measures, and Defmitions Table from Decision Plan (CH2M HILL 2008a)

No. Criteria Weight No. Measures Ranking No. DefinitionsFactor Factor
Regulatory/ Achieve Tribal 2.1.1 Early waste treatment enabled

2 Stakeholder 20 2.1 Nations/stakeholders' 40
Acceptance acceptance

2.1.2 Land usage (more contaminated ground)

2.2.1 Compliance with applicable regulations (RCRA,

2.2
Achieve regulators' CAA,NESHAPS,NEPA~EPA,NPDES,DOE
acceptance

60 Orders)

2.2.2 Impact to Disposal System Performance
2.2.3 Secondary Waste Form and Quantity
2.24 Potential impacts to other permitted facilities

Technical Technology Readiness 3.1.1 TRL Number
3 3.1

Maturity/F lexibi lity 20 Level 60
3.1.2 Effort to mature technology (cost and schedule)
3.1.3 Probability of Success

Process Flexibility and 3.2.1 Ability to process a variety of feeds
3.2

robustness 40
3.2.2 Ability to adjust process rate
3.2.3 Flexibility to modify product
3.24 Ability to expand
3.2.5 Recover from out of spec product
3.2.6 Technology applicability to other DOE complex

projects

Operability and Ease of Process control 4.1.1 Minimize number and frequency of surveillances
4

Maintainability
15 4.1

and operation
18

4.1.2 Minimize number of people to operate
4.1.3 Ease of startup and shutdown
4.14 Minimize system complexity

11
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Attachment A

Criteria, Measures, and Defmitions Table from Decision Plan (CH2M HILL 2008a)

No. Criteria Weight No. Measures Ranking No. DefinitionsFactor Factor
4.1.5 Minimize number of chemicals needed
4.1.6 Minimize number of process and regulatory

samples

4.1.7 Batch verses continuous
4.1.8 Ease of entry and exit from standby
4.1.9 Wide operating margin
4.1.10 Complexity of transfers to, from and within Tank

Farms

4.2 ALARA 26
4.2.1 Less required contact maintenance is better, etc.

(rad and tox)

4.3 Reliability 16. 4.3.1 Number of active components
4.3.2 Reliability of analogous systems

Ease and frequency of 4.4.1 Minimize number of support systems
4.4

maintenance
16

4.4.2 Minimize number and frequency of PM's
4.4.3 Minimize maintenance in zone entries
4.4.4 Minimize specialized equipment and parts
4.4.5 Minimize tank entries

4.5 Ease of Implementation 12 4.5.1 Ease of training
4.5.2 Complexity of procedures
4.5.3 Similar to other process facilities on site

4.6 Liquid/solid secondary 4.6.1 Waste handling compatible with existing
waste 12 systems as defined by DOE Order 420.1 B

4.6.2 Minimize operational impacts associated with
hazardous (generated) waste handling

5 Programmatic 20 5.1 Cost Impact 20 5.1.1 Capital costs

12
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Attachment A

Criteria, Measures, and Defmitions Table from Decision Plan (CH2M HILL 2008a)

No. Criteria Weight No. Measures Ranking No. DefinitionsFactor Factor
Aspects

5.1.2 Life cycle costs
5.1.3 Cost profi Ie

5.2 Schedule Impact 20 5.2.1 Overall schedule (confidence)
5.2.2 Licensing
5.2.3 Permitting
5.24 D&D

5.3 DST Space 20 5.3.1 How fast DST space is made available
5.3.2 Amount of DST space

Impacts to WTP and 54.1 Production rate impact

54
Supplemental
Treatment, positive and
negative 20

54.2 Mission duration
54.3 Number of high and low level packages
544 Lessons Learned benefits for WTP pretreatment

54.5 Technology transfer to WTP
54.6 ALARA
54.7 Diversity of technology
54.8 Positive programmatic impacts and

opportunities

Impacts to other facilities 5.5.1 Analytical equipment, methods, and capacity
5.5

eg, ETF, LAB 10
5.5.2 Compliance to ETF WAC
5.5.3 ALARA
5.54 Number of Evaporator campaigns

13
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Attachment A

Criteria, Measures, and Defmitions Table from Decision Plan (CH2M HILL 2008a)

No. Criteria Weight No. Measures Ranking No. DefinitionsFactor Factor
5.6.1 Availability of Key Skills, Critical Materials,

5.6 Resources and materials 10 Qualified Vendors

5.6.2 Stability of Critical Resource Pricing

14
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Assessment Summary Form (CFF-1.1.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Safety - 1.0
Process Safety - 1.1
Quantity ofmaterial at risk (MAR) - 1.1.1

Assessment Scope: Evaluate the quantity of radiological material at risk (MAR).

Conditions: The proposed cross-flow filter (CFF) process uses multiple O.I-fJ.m sintered metal tubes
enclosed within a shell. Waste flows axially through the tube (parallel to the filter media) and filtrate
passes radially through the tube wall driven by a differential pressure between the inside ofthe tubes and
the shell. High flow velocity through the tubes produces a shear at the inside tube wall that reduces the
build up of a particulate layer.
A high capacity pump is used to transfer supernate from a filter feed vessel through the CFF unit. As the
supernate flows through the CFF unit the liquids pass through the O.I-fJ.m sintered tubes to the shell side
ofthe filter. Suspended solids cannot pass through the membrane so continue through the filter as part of
the concentrate, which re-circulates through a regulating valve to the CFF feed vessel. Filtrate that has
passed to the shell side ofthe filter unit is delivered to the cesium separation process. Solids are returned
to the DST via a concentrate return pump taking suction on the filter feed vessel.
The MAR for the CFF is high level radioactive liquid waste, hazardous materials evolved from
radioactive waste, and non-radioactive toxic materials transferred from the DST to the filter feed vessel.

Other Considerations: Some build up of solids is expected so chemical cleaning is required to remove
these solids and maintain the filter flux rate. Suspended solids with a small particle size tend to plug the
pores ofthe CFF. A pressurized back-pulse vessel is used to periodically clean the CFF elements with
filtrate to minimize solids accumulation and fouling ofthe filter membrane. Accumulation of solids
increases the MAR between the pressurized filtrate pulses. Clogged pores ofthe CFF create the same
sensitivity to an increased concentration of MAR.
The baseline cleaning ofthe CFFs is primarily with a 0.1 M NaOH solution once per batch; although a
less frequent 2 M RNO, cleaning is expected.

References:

MAR source term documents (RPP-5924 and RPP-8369)
Mass Balances for CSSX, FC, IX-SRF from RPP-RPT-37551, Draft A, "Interim Pretreatment System
Pre-conceptual Candidate Technology Descriptions"

Attachments:
Figure 1- Simplified Sketch of Cross-flow Filtration Process
Table 1- CFF Chemical Concentrations with TEEL-3 Guidelines
Table 2 - Activity Concentration (Ci/L) at the Cross-flow Filter Inlet

16
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Assessment Summary: Radiological MAR for the CFF unit is minimal based on 7 of 8 supply tanks
having an activity concentration <1 CilL. The highest activity concentration calculated was 1.24 CilL for
tank 241-AP-107. The CFF unit is susceptible to the accumulation of solids in the pores ofthe sintered
metal tubes, which could potentially concentrate the MAR leading to more significant consequences if a
process upset should occur.
Chemical cleaning requirements for the CFF introduces a chemical MAR hazard. NaOH is the main
chemical of concern because it is used on a per batch basis. Should RNO, be used the hazard would be
more significant than NaOH. In both cases, the ratios and sum of fractions are within the bounds of
similar chemical analvses performed for the tank farms.

Prepared by: Douglas B. Teachout

Reviewed by: --"P~...cS,,-.-"S"'ch"'a"'u"'s'--- _
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Figure 1 Simplified Sketch ofCross-l1ow Filtration Process

Chemical cleaning ofthe CFF is required periodically. The periodicity is once per batch with a 0.1 M
NaOH solution, and a 2 M RNO, cleaning less frequently.

0.1 MNaOH

mol
MO.! M NaOH:~O.!.-

- - L

Conca.!
6 mg

M NaOH~ 4x !O 
3

m

Table 1 - CFF Chemical Concentrations with TEEL-3 Guidelines

Cone. TEEL-3 Conc./TEEL- Percent of
Total

Chemical CASRN
(mg/m') (mg/m') 3 Fraction SOF

Percent
SOF

01 M NaOH 1310-73-2 400E+06 50 8.00E+04 1308% 1308%

2 M HNO, 7697-37-2 1.26E+08 237 5.32E+05 8692% 10000%

Tota/s

Notes: SOF = Sum of Fractions
CAS = Chemical Abstracts Service Registry Number

6.12E+05 10000%

This chemical evaluation is conservative in that both chemicals are not used at the same time or
present in the process cycle at coinciding times.

18
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Table 2 - Activity Concentration (Ci/L) at the Cross-flow Filter Inlet

Radionuclide 241-AP-104
241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP-

241-AN-104
102 101 103 105 108 107

Ru-I06 5.71E-12 3.50E-12 4.55E-06 5A4E-12 3.17E-07 3.29E-II IA3E-05 l.73E-1O
Cd-113m 309E-05 2.30E-05 3.66E-05 302E-05 2.78E-05 6AIE-05 4.18E-05 --

Sb-125 7.84E-06 6.90E-06 l.00E-04 8.88E-06 I AlE-OS 2.30E-05 2.96E-04 3.68E-07
Sn-126 IA3E-06 9.17E-07 l.54E-06 1.29E-06 1.14E-06 2.65E-06 l.31E-06 2.76E-07
1-129 U9E-07 307E-07 l.71E-07 3.25E-07 2.67E-07 3.35E-07 IA8E-07 8.54E-08
Cs-134 2.15E-06 l.78E-07 4.89E-05 1.13E-06 3.51E-06 4.99E-06 IA5E-04 l.02E-06
Cs-137 l.92E-OI 2AIE-0J 309E-OI 2AOE-OI 2.73E-OI 2.90E-OI 6.30E-OI l.89E-OI
Ba-137m l.81E-01 2.27E-OJ 2.92E-OI 2.27E-OI 2.58E-OI 2.73E-OI 5.94E-OI l.78E-OI
C-14 I AIE-06 2.72E-06 4.32E-06 6.53E-06 2.54E-06 3.54E-06 3AIE-06 204E-06
Sm-151 6.81E-03 4.52E-03 7.30E-03 6.34E-03 5.56E-03 l.31E-02 6.68E-03 l.00E-09
Eu-152 l.51E-06 1.10E-06 2.18E-06 l.51E-06 l.3IE-06 307E-06 3.25E-06 6.80E-14
Eu-154 7.99E-06 3.12E-05 2.26E-05 IA2E-05 4.73E-05 2.12E-05 3.55E-05 3.21E-12
Eu-155 200E-05 U6E-05 3.85E-05 l.87E-05 4.17E-05 2.28E-05 6.1 IE-OS 1.23E-12
Ra-226 8.88E-II 5.70E-II 8.72E-II 8.67E-II 7.28E-II l.72E-1O 8.18E-II 8.89E-13
Ac-227 IA2E-09 9.12E-1O l.61E-09 9.85E-1O 8.89E-1O 202E-09 8.74E-1O 6.36E-16
Ra-228 l.87E-08 7.55E-08 l.92E-08 3.51E-08 5.IOE-08 1.17E-07 2.IOE-08 2.52E-1O
Th-229 1.21E-09 2A8E-09 9.89E-1O 207E-09 2.32E-09 709E-09 1.18E-09 l.17E-12
Pa-23 I 6.89E-09 l.58E-09 9.200-09 2.27E-09 202E-09 4.64E-09 2.37E-09 8.34E-09
Th-232 7.79E-1O 1.10E-08 l.84E-09 7.l4E-09 2.34E-09 4.83E-09 l.86E-09 4.23E-12
U-232 3.20E-09 6.37E-09 IA8E-09 3A6E-09 1.28E-09 5.22E-09 l.03E-09 8.20E-II
U-233 2.23E-08 2.70E-08 l.90E-08 IA7E-08 5.64E-09 2.17E-08 IA9E-08 5.02E-09
U-234 1.21E-08 5.00E-09 l.30E-08 l.06E-08 l.88E-09 l.51E-08 1.21E-08 3.57E-09
U-235 4.600-10 l.98E-1O 4.81E-1O 4.52E-1O 7.64E-ll 5.90E-1O 4.91E-1O I AIE-IO
U-236 5A8E-1O l.6IE-1O 7AIE-1O 2.97E-1O 6.75E-II 9A4E-1O 5.77E-1O 2AIE-1O
Np-237 5.11E-08 4.75E-07 2.28E-07 5.000-08 5.17E-07 7.15E-08 l.98E-07 706E-09
Pu-238 1.200-07 807E-09 I AOE-07 l.94E-07 IA9E-08 3A8E-08 3.97E-07 3.87E-09
U-238 l.02E-08 4A5E-09 9.75E-09 l.08E-08 l.68E-09 l.17E-08 l.03E-08 2.80E-09
Pu-239 6.59E-07 3.IOE-07 l.94E-06 I AIE-06 2.92E-07 5.61E-07 4.30E-06 5.33E-08
Pu-240 1.12E-07 5.25E-08 4.54E-07 2.38E-07 5.82E-08 l.07E-07 1.15E-06 l.39E-08
Am-241 203E-06 U4E-06 6AOE-07 6.93E-06 2.19E-06 2.65E-06 7.52E-07 8.81E-07
Pu-241 7.61E-07 3.72E-07 9.38E-06 l.72E-06 8.70E-07 l.35E-06 2.80E-05 2A4E-07
Cm-242 7A2E-09 5.60E-09 l.07E-09 2.26E-08 8.59E-09 7.99E-09 9.200-10 U5E-09
Pu-242 6.50E-12 3.20E-12 4.61E-11 l.53E-II 5.27E-12 l.01E-11 l.35E-1O IA7E-12
Am-243 8AOE-II 6.37E-II 4.53E-II 2.57E-1O 8.3 IE-I I l.02E-1O l.28E-1O 5.90E-1O
Cm-243 2AIE-08 7.17E-1O IA2E-09 l.59E-08 IA4E-09 U6E-09 5.33E-1O 9.64E-II
Cm-244 5.65E-07 l.04E-08 3.18E-08 3A9E-07 2A8E-08 2.96E-08 1.100-08 2.28E-09
H-3 IA3E-06 l.08E-05 4.29E-05 3. 13E-05 7A8E-06 U6E-05 4.15E-05 3A7E-06
Ni-59 1.13E-06 3.12E-07 l.37E-06 5.06E-07 3.22E-07 l.59E-06 7.74E-07 304E-08
Co-60 6.63E-06 3.75E-06 5.88E-06 9.63E-06 7.33E-06 5.64E-06 9.14E-06 609E-08
Ni-63 l.04E-04 2.90E-05 1.26E-04 4.69E-05 2.98E-05 l.31E-04 7. 13E-05 2.81E-06
Se-79 707E-07 l.72E-06 7.69E-07 1.29E-06 2.21E-06 U7E-06 8.80E-07 5.67E-07
Sr-90 l.39E-03 3.87E-04 9.11E-04 2.16E-03 l.82E-03 IA3E-03 U5E-03 7. I 8E-04
Y-90 l.39E-03 3.87E-04 9.11E-04 2.16E-03 l.82E-03 IA3E-03 U5E-03 7. I 8E-04
Nb-93m 9.72E-06 7.32E-06 IA7E-05 6.88E-06 5.90E-06 l.55E-05 l.61E-05 2.22E-06
Zr-93 1.16E-05 8.50E-06 l.91E-05 8.36E-06 6.56E-06 l.85E-05 2A3E-05 l.54E-06
Tc-99 l.66E-04 l.63E-04 l.65E-04 2.21E-04 2.26E-04 2.16E-04 203E-04 I AIE-04

Note: the rnaXlfnurn aclivlty concentratIOn of 1.24 CI/L (total) was recorded for tank 241-AP-I07.
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Assessment Summary Form (CFF-l.l.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Safety - 1.0
Process Safety - 1.1
Concentration of radiological and chemical MAR - 1.1.2

Assessment Scope: Evaluate the concentration of radiological (unit liter dose) and chemical (unit sum of
fractions) material at risk (MAR), which is the amount of material available to be acted on by a given
physical stress.

Conditions: A high capacity pump circulates waste supernate from the filter feed vessel through the
cross-flow filter (CFF) unit. The filtrate passes trough the filter elements (multiple O.I-Dm sintered metal
tubes) to the shell side ofthe tube bundles and is delivered to the cesium separation process. The
concentrate passes through a regulating valve, which is used to control differential pressure across the
filter elements, and is collected in the CFF feed vessel. The radiological MAR for the filtrate and the
concentrate was evaluated for the filtration process.

Other Considerations: There is no relative change to the chemical MAR due to this technology.

References:
1. Mass balance for CSSX, FC, and IX-SRF processes cesium separation processes

Attachments:
1. Figure 1 - Simplified Sketch of CFF process
2. Table 1 - Radiological MAR concentration for CFF

Assessment Summary: Based on CH2M HILL input both technologies do not affect the
concentration of MAR, because the entrained solid have not been quantified. However even if
entrained solid were characterized both technologies would have the same affect on the
concentration of MAR. Temporary Emergency Exposure Limits (TEELs) were used for the
short-term chemical concentration limits; specifically consideration was given to TEEL-3 values.
Both technologies have similar sum of fractions values for the chemical MAR as in tank farm
waste.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Radiological material at risk (MAR) was evaluated for the concentrate returned to the filter feed tank and
eventually to the DST and the clarified LAW supernatant transferred to the cesium separation process, as
shown in the very simplified sketch below.
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Figure 1 Simplified Sketch of Cross-flow Filtration Process

Tabular representation ofthe calculated radiological material at risk is given in Table for each ofthe
cesium separation processes. The values provided are the total unit liter doses (Sv/L) for the separation
processes.

Table 1 - Material at Risk Concentration (Sv/L) for the Cross-flow Filter Unit

Tank
CSSX FC IX

Concentrate Filtrate Concentrate Filtrate Concentrate Filtrate
AN-I04 48.7 48.7 48.7 48.7 48.7 48.7
AP-I0l 82.8 82.8 82.8 82.8 82.8 82.8
AP-I02 63.2 63.2 63.2 63.2 63.2 63.2
AP-I03 72.4 72.4 72.4 72.4 72.4 72.4
AP-I04 53.6 53.6 53.6 53.6 53.6 53.6
AP-I05 73.5 73.5 73.5 73.5 73.5 73.5
AP-I07 167.7 167.7 167.7 167.7 167.7 167.7
AP-I08 56.4 56.4 56.4 56.4 56.4 56.4

[Temporary Emergency Exposure Limits (TEELs) were used for the short-term chemical concentration
limits; specifically, consideration was given to TEEL-3 values. The TEEL is the maximum concentration
in air below which it is believed nearly all individuals could be exposed without experiencing or
developing life-threatening health effects].

This technology has similar sum of the fractions values as the MAR is tank farm waste.

C
Sum of fractions = L '

, TEEL,
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Assessment Summary Form (CFF-1.1.3)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Safety -1.0
Process Safety -1.1
Dispersability ofthe MAR - less dispersible fonn is better (e.g., solids over liquids over
powders over gases) - 1.1.3

Assessment Scope: The scope ofthe assessment is determination ofthe dispersability of radiological
and chemical material at risk (MAR) with particular attention given to the physical fonn ofthe MAR.

Conditions: The proposed cross-flow filter (CFF) process is a passive filter process that uses multiple
0.1 Om sintered metal tubes enclosed within a shell. A high capacity pump (approximately 1100-3300
gpm) circulates waste supernate from the filter feed vessel through the CFF unit. The service life for the
CFF units is expected to exceed the project lifetime and because the units are passive there is a low
probability of component failure during the lifecycle ofthe project.

A rupture or operational upset between the pump and the CFF units would result in a highly dispersible
spray based on the high capacity supernate waste circulation. At this point the MAR is still an aqueous
stream containing suspended solids from the supply tank.

None

I

References: None

Attachments: None

Assessment Summary: The passive nature ofthe CFF filters is attractive in that filter unit integrity is
expected to remain intact for the duration ofthe project. Supernate entering the filter and the filtrate
exiting the units maintains the MAR in an aqueous state. Use of CFF filter units will require the
delivery ofthe supernate by a high capacity recirculation pump. The higher capacity exacerbates the
dispersion from a leak or rupture should such an operational upset occur between the pump and filter
units.

Prepared by: Doug Teachout

Reviewed by: Garv Dunford
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Assessment Summary Form (CFF-1.1.4)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Safety -1.0
Process Safety - 1.1
Dispersive energy - 1.1.4

Assessment Scope: The scope ofthis assessment is focused on evaluating the dispersive energy inherent
in process parameters (e.g., heat, off gassing, pressure). Focus will be placed on interally initiated events
and process-initiated events only. Consideration may be given to parametric factors such as temperature,
flow rate, pressure, kinetic energy, etc.

Conditions: The proposed cross-flow filter (CFF) process is a passive filter process that uses multiple
0.1 Om sintered metal tubes enclosed within a shell. The filter itself does not impart energy to the waste
stream during operation ofthe system to which the filter is connected. A high capacity pump
(approximately 1100-3300 gpm) circulates waste supernate from the filter feed vessel through the CFF
unit. The system pressure is similar to routine tank transfers

None

I

References: None

Attachments: None

Assessment Summary: Dispersion of MAR in the CFF would require a component failure or operational
upset condition. Failure ofthe CFF units is evaluated as unlikely during project lifetime based on the fact
that the filter units are passive. While the filter units are passive, it is important to consider that the
supernate is supplied by a high capacity pump. In an unlikely component failure scenario, the dispersion
energy would be significant due to the high supply flow rate.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Assessment Summary Form (CFF-1.1.5)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Safety - 1.0
Process Safety -1.1
Process Stability, including ease ofprocess control/shutdown -- easier/faster process
shutdown is better -1.1. 5

Assessment Scope: The scope ofthe assessment includes evaluation ofthe inherent process stability
including the proposed process control system, method of shutdown, and ease of shutdown. Rapid
response to a safe shut down configuration is the desired end state.

Conditions: The cross-flow filtration (CFF) process operates under pressurized conditions and at normal
tank temperatures (~40C). The rapid shut down is accomplished by shutting ofthe feed and the
recirculation pumps. The CFF system has several thousand gallons of hold up but the recirculation pump
should have the ability to re-suspend the solids upon restart. Therefore a rapid shut down should be
possible. The preferred shut down should include flushing ofthe filter loop to return solids to the tank.

Other Considerations: This technology is the same as WTP and has undergone safety evaluations for
much more hazard materials.

I R</.,=", Noo<

Attachments: None

Assessment Summary: The CFF can be shut down quickly; a long term shutdown should include
flushing ofthe recirculation loop/tank back to TF.

Prepared by: GaIT Dunford

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (CFF-1.1.6)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Safety -1.0
Process Safety - 1.1
Process that does not create a new or exacerbate an existing Tank Farm hazard is
preferred to one that does - 1.1.6

Assessment Scope: The assessment evaluates potential accident initiators. Objectively, it is desired to
demonstrate that the technology does not create a new or exacerbate an existing Tank Farm hazard.

Conditions: The cross-flow filtration (CFF) technology was reviewed against the candidate accident
scenarios and underlying hazard evaluations (see the attachment).

Above ground structure failure: Performing maintenance on CFF equipment creates a potential to drop
equipment that subsequently both damages the component or another system component and results in a
radioactive release e.g., aboveground transfer lines.

Mixing of incompatible materials: CFF is expected to use nitic acid during non-routine flushes.
Introduction of such incompatible materials with tank waste could exacerbate the existing Tank Farms
hazards.

References: RPP-13033 - "Tank Farm Documented Safety Analysis"

Attachments: Table 1 - Evaluation ofImpacts on Tank Farms Hazards

Assessment Summary: The CFF unit has the potential to impact hazards that would potentially
exacerbate two ofthe representative candidate accident scenarios.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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The Tank Farms documented safety analysis (DSA) discusses the selection of representative accident
scenarios for hazard evaluation. Potential hazardous conditions were collected into candidate accident
groups sharing similar accident phenomenology. With the candidate accident scenarios defined, accident
scenarios were developed representative ofthe characteristics of each candidate accident phenomena.
Reevaluation ofthe scenarios was performed, subsequent to development, to determine if each candidate
accident was unique for all other candidate accidents. Candidate accidents were then combined to form
the final set of representative accidents.

Candidate accidents that were grouped into a representative accident and a brief description ofthe hazard
associated with each include:

• Flammable gas accidents: includes deflagrations initiated by the ignition of flammable gases in the
headspace of a DST/SST.

• Nuclear criticality: includes assessment of fissile material and the favorability ofthe geometry to
result in a criticality.

• Vacuum exhaust line rupture: release of waste aerosols to the atmosphere resulting from a rupture
ofthe vacuum exhaust line during vacuum retrieval operations.

• Release from contaminated facility: flammable gas deflagration in a waste transfer-associated
structure that results in an uncontrolled release of radioactive and other hazardous material.

• Tank failure due to excessive loads: waste tank dome failure caused by excessive concentrated or
uniform load external to the tank, load drop, and internal loads caused by waste storage.

• Above ground structure failure: encompasses drops of contaminated equipment (e.g., the dropping
of a contaminated pump as it is being withdrawn from a tank with subsequent release from the pump)
and other releases from contaminated above ground structures (e.g., waste leaking from a pump as it
is removed from a tank, a crane load drop onto a HEPA filter housing, or a facility collapse caused by
aging or natural phenomena.

• Mixing of incompatible materials: initiated by the addition of an incompatible material with tank
waste resulting in the release oftoxic components.

• Waste transfer leak: encompasses all waste transfer-related leaks; two candidate leak scenarios
were selected as most representative, a fine spray leak and a large pipe break into a pit.

• Unplanned excavation I drilling: accident initiated by accidentally excavating or drilling into an
active or inactive liquid disposal site (e.g., crib, ditch, or pond), an unplanned release site, or an
underground waste tank contaminated plume column in the 200 Area.

Table 1 - Evaluation orIm act on Tank Farms Hazards

Evaluation of Impact on Tank Farms Hazards

Potential to Impact on Accident I HazardTank Farms Representative
Accident Scenarios

Flammable Gas Accidents

Nuclear Criticality

Vacuum Exhaust Line Rupture

Release from Contaminated Facility

Tank Failure Due to Excessive Loads

Above Ground Structure Failure

Mixing ofincompatible Materials

Waste Transfer Leak

Unplanned Excavation I Drilling

CFF
No

No

No

No

No

Yes

Yes

No

No
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RM
No

No

No

No

No

Yes

Yes

No

No

CSSX
No

No

No

No

No

Yes

Yes

No

No

FC
No

No

No

No

No

Yes

No

No

No

RFIX
No

No

No

No

No

Yes

Yes

No

No
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Assessment Summary Form (CFF-1.1.7)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Safety - 1.0
Process Safety -1.1
Less fire hazard - 1.1.7

Assessment Scope: Evaluation ofthe combustible loading inherent to the technology. This includes, but
is not limited to, the presence of combustible materials, the production of flammable gas, or flammable
by-products.

Conditions: The proposed cross-flow filter (CFF) process is a passive filter process that uses multiple
0.1 Om sintered metal tubes enclosed within a shell. A high capacity pump circulates waste supernate
from the Filter Feed Tank through the CFF unit, removing suspended solids as the filtrate passes through
the filter elements to the shell side ofthe tube bundles. CFF does not produce a combustible environment
or include flammable materials in the design.

None

I

References: None

Attachments: None

Assessment Summary: The CFF units do not produce a combustible or flammable gas environment
based on being a passive filter process relying only on differential pressure to remove suspended solids
from the waste supernate.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford

27

Date: 05/12/08

Date: 5/27/08



RPP-RPT-37741, Rev 0

Assessment Summary Form (CFF-1.1.8)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Safety - 1.0
Process Safety - 1.1
Reactive Chemicals - 1.1.8

Assessment Scope: Evaluate the overall process for the presence of reactive chemicals. This evaluation
will include the potential for reactive chemical combination during the process cycle.

Conditions: The cross-flow filtration (CFF) does not use any chemicals during normal processing.
Flushes and filter cleaning (as needed) are expected to use water or caustic solutions. These chemicals do
not react with the existing waste. There is the potential the periodic nitric acid or other chemical flushes
will be needed to clean the filters. Careful controls and further evaluation and changes to the TF DSA
will be required to implement this type of flushing.

Other Considerations: DSA currently prohibits bulk chemical additions to TF (e.g. acids)

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions")
RPP-13033, "Tank Farm Documented Safety Analysis"

Attachments: None

Assessment Summary: There is no anticipated chemical reactivity. However, nitric acid cleaning will
require controls and further evaluation and changes to the TF DSA before implementing this type of
flushing.

Prepared by: GaIT Dunford

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-1.2.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Safety - 1.0
Criticality Safety - 1.2
A Process that is inherently subcritical is preferred over a process that relies on criticality
controls -1.2.1

Assessment Scope: Sub-bullets for this definition are:
+ Does the process have less than the minimum critical mass?
+ Does the process alter the form and distmbution ofthe TF waste

Conditions: Criticality under the existing tank farm conditions has been determined to be not credible,
because the fissile material concentration is too low and the neutron absorbers are too abundant. The
entrained solids that are removed in the CFF under processing conditions are not changed from the
conditions in TF. The fissile concentration in the solids is not increased, the neutron absorbers are still
dispersed throughout the solids and the waste is still wet (over-moderated). The geometry ofthe solids
can change slightly during filtration or as returned to the DST and the weight fraction of solids of in the
return stream will increase, however this does not impact the conclusion. The fissile material hold up in
the CFF based on supernatant concentration is well below 15 grams (fissile exempt) per the attached table
(grams of 239pu in each full feed batch).
Cleaning ofthe filters can dissolve selected compounds, but this process would affect only a tiny fraction
ofthe solid and the bulk solids returned to a DST will still be critically safe.

Other Considerations: The actual composition of entrained solids (following decant operations) will be
transferred to the CFF is not defined in the feed vectors. However, even if it was the same concentration
as tank sludge (as opposed to salts and Al precipitates) it would still not create a criticality safe concern.

References: RPP-13033, "Tank Farm Documented Safety Analysis"

Attachments: Table 1 - 239pU content in feed vectors

Assessment Summary: The process is sub critical under expected conditions, a criticality is not credible
because the fissile material concentration is too low and the neutron absorbers are too abundant. This
process does not change the result ofthe TF DSA evaluation.

Prepared by: G. Dunford

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Table 1- Pu-239 Content in Feed Vectors

Feed Isotope Ci/hr to Cs Sep Total Ci Total Grams
AN-I04 239Pu 4.94E-05 3.46E-Ol 5.58E+OO
AP-IOI 239Pu 1.47E-03 1.03E+Ol 1.66E+02
AP-I02 239Pu 2.07E-04 1.45E+OO 2.34E+Ol
AP-I03 239Pu 8.87E-04 6.22E+OO 1.00E+02
AP-I04 239Pu 4.66E-04 3.27E+OO 5.27E+Ol
AP-I05 239Pu 1.93E-04 1.35E+OO 2.19E+Ol
AP-I07 239Pu 3.54E-03 2.48E+Ol 4.01E+02
AP-I08 239Pu 2.48E-04 1.74E+OO 2.81E+Ol

Total values are in the complete tank/feed vector to be processed
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Assessment Summary Form (CFF-1.3.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Safety - 1.0
Industrial Safety and Hygiene - 1.3
Less hazards/less severe hazardous is better - 1.3.1

Assessment Scope: Evaluate the technology flow sheet and layout to identifY potential hazards to
personnel including: walking/elevated working surfaces, access/egress, temperature/pressure extremes,
ergonomic hazards, and atmospheric hazardous/industrial hygiene sampling.

Conditions: The Cross-flow Filtration (CFF) equipment will be co-located with the cesium separation
equipment in a below-grade facility. Thus, access and egress is only from above and would be considered
a confined space entry into a radiation zone (once operations begin).

Heat is not applied during filtration; however, a low shear high capacity pump circulates LAW solution
through the filter elements (RPP-RPT-30160 §A.1.3). A pressurized back-pulse vessel is used to
periodically clean the filter elements with water and sodium hydroxide (NaOH) to minimize solids
accumulation and filter membrane fouling (RPP-RPT-30160 §A.1.3). A less frequent nitric acid (RNO,)
cleaning is also expected. Sampling is performed downstream ofthe filtration system in the Feed Receipt
Tank.

Other Considerations: Cesium separation facility layouts do not have enough detail to identifY
ergonomic hazards at this time but it is assumed that final equipment layout would maximize accessibility
by maintenance personnel to the extent possible. The recirculation pump may have routine maintenance
requirements; the filters are unlikely to fail during the project lifetime but an upset condition may require
removal and replacement.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Facility Layout for CSSX.pdf dated 5/5/08
IX Plan, Draft.pdf dated 5/5/08
Facility Layout for FC.pdf dated 5/8/08

Attachments: None

Assessment Summary:
• CFF equipment located below-grade in confined space radiation zone

• Low shear high capacity pump circulates LAW through the filter

• NaOH and RNO, periodically used to clean filters

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: Garv Dunford
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Assessment Summary Form (CFF-2.1.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Regulatory/Stakeholder Acceptance
Achieve Tribal Nations/Stakeholder's Acceptance - 2.1
Early waste treatment enabled - 2.1.1

Assessment Scope: Can the technology be ready by the target start date? This includes completion of
testing, design, construction, permitting, and operational readiness review. (Only technology dependent
issues will be considered.)

Conditions: Construction and operational readiness are theoretically possible within the timeframe
necessary to make early pretreatment viable. The mission support schedule scenarios support Tank Farm
pretreatment operation prior to the target start date. (RPP-RPT-30160 §5.3.2.1 and 5.3.2.2) See
Assessments PROG-5.2.3 for programmatic permitting risks.

From a regulatory/permitting perspective it is possible for all the necessary permits and compliance
documents to be completed within the timeframe necessary to make early pretreatment viable. The
elapsed time from permit application preparation to receipt of permit is highly variable. It is assumed that
a RCRA permit for a new TSD facility will require the most time - approximately 2 years. All schedules
assume a 2 year period to complete all necessary permits. (RPP-RPT-30160 §3.6.5.4)
Industry standards are adequate for all equipment; no special design or development is required for use at
the Hanford Site.

Other Considerations: Due to space limitations within the 242-A Evaporator Building, a crossflow
filtration unit must be housed in a shielded module adjacent to an existing DST.(RPP-PRT-30160,
§3.1.3.2)
Two CFF tests have been conducted with actual LAW solutions. The WTP flow sheet bases document
includes test results for lab-scale tests with actual LAW and HLW samples, pilot-scale test with
simulants, and provides a description ofthe WTP cross-flow filter system. (RPP-PRT-30160, §A.1.3)

CFF has been used successfully to separate entrained solids for radioactive waste services at ORNL, SRS,
and West Valley Demonstration Project. (RPP-PRT-30160, §A.1.3)

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary:
• Industry standards are adequate for all equipment so no special design or development is

required.

• Possible to complete permitting, construction and operational readiness for startup by the target

start date.

Prepared by: Kim Sheldon, Vista Engineering

Reviewedby:~P~.~S~.~S~ch~a~u~s~ ___

32

Date: 5/23/08

Date: 5/23/08



RPP-RPT-37741, Rev 0

Assessment Summary Form (CFF-2.1.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Regulatory/Stakeholder Acceptance
Achieve Tribal Nations/Stakeholder's Acceptance - 2.1
Land usage (more contaminated ground) - 2.1.2

Assessment Scope: Estimate the footprint ofthe facility including piping to/from the facility.

Conditions: The Cross-flow Filtration (CFF) equipment will be located within an underground vault
similar in construction to the typical tank vaults and collocated with the cesium separation process (RPP
RPT-37551, §8.2) Approximately 400 ft' has been allocated for the filtration system in the s-RF and
CSSX facility layouts; ~OO ft' at the FC facility (RPP-RPT-37551, Figures 8-1, 8-3, & 8-6).

Other Considerations: There are two possible site locations for the IPS Facility (see Site Evaluation
2E-08-11). Both sites passed the site evaluation; however, Site #1 is the preferred location. The footprint
ofthe transfer piping to/from the IPS Facility will vary depending upon which site is chosen, but is
independent ofthe filtration and cesium separation technologies.

References: RPP-RPT-37551, May 2008, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions, Rev. A (Draft), CH2MHILL Hanford Group Inc., Richland, Washington.

Site Evaluation 2E-08-11 dated 4/30/08

Attachments: None

Assessment Summary: The CFF system will be co-located with cesium separation process equipment

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-2.2.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Regulatoryl Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Compliance with applicable regulations (RCRA, NEPA/SEPA, NESHAPS, NPDES,
CAA, DOE Orders) - 2.2.1

Assessment Scope: Has this technology previously been permitted for use? Are there factors related to
the use ofthis technology that would affect the permitting process?

Conditions: Cross-flow Filtration (CFF) has been used at multiple DOE sites. CFF has been tested on
both actual and simulated Hanford wastes. There is a base of information to support the permit
application process. For schedule and planning purposes it is assumed that the permitting process will
take 28 - 33 months for all technology choices. CFF has not been previously permitted for use on the
Hanford Site.
RCRA - The Interim Pretreatment System (IPS) and temporary tank storage units will constitute RCRA
treatment, storage, and disposal (TSD) units, and will require submittal of a Part B Permit Application
pursuant to WAC 173-303-806, and Ecology issuance of a final status RCRA Part B permit prior to
operation (WAC 173-303-840). (RPP-RPT-30160 §3.6.5.4)
CAA/NESHAPS - Three Notices of Construction (NOC) will be required for the Interim Pretreatment
System and temporary tank storage units: A radioactive air emissions NOC submitted to the State of
Washington Department ofHealth pursuant to WAC 246-247 and a non-radioactive NOC submitted to
Washington State Department of Ecology pursuant to WAC 173-400 and 460, with a copy provided to
US EPA. (RPP-RPT-30160 §3.6.5.4)
NEPA - It is assumed that any early LAW pretreatment will be covered by the Tank Closure and Waste
Management (TC&WM) Environmental Impact Statement (expected 12/2009) and issuance of its Record
of Decision (expected 1/2010). Based on the ROD, an evaluation ofthe CFF technology will need to be
performed to determine whether it is adequately covered or additional NEPA coverage is required (e.g.,
Environmental Assessment). In the event that completion ofthe TC&WM-EIS is significantly delayed
beyond its expected completion date of 12/2009, an alternate NEPA option may be required, e.g., an
Interim Action Environmental Assessment.
SEPA - DOE needs to submit a SEPA Checklist along with the RCRA permitting documentation for the
proposed activities. Ecology will compare the impacts ofthe proposed activities to the analysis
performed in the applicable NEPA document and determine whether that analysis adequately addresses
the proposed activities. (RPP-RPT-30160 §3.7)
NPDES - Not applicable to this activity.

Other Considerations: State regulators have been amenable, in the past, to expediting the permit process
to accelerate cleanup (e.g., IDF).
Unless the NEPA evaluation determined that one ofthe technologies required an EA, while none ofthe
others did, regulatory compliance does not appear to be a discriminator.

Assumes a ROD on the TC&WM-EIS is completed on the expected date of January 2010 so the rest of
the permitting effort can go forward.
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References: RPP-RPT-30l60, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Tank Closure & Waste Management EIS, draft.

Attachments: None

Assessment Summary:
• Cross-flow Filtration (CFF) has been used at multiple DOE sites.

• Because CFF has been tested on both actual and simulated Hanford wastes, there is a base of
information to support the permit application process.

• CFF has not been previously permitted for use on the Hanford Site, but there is no inherent
obstacle to prohibit obtaining a permit for this technology.

• Assumes a ROD on the TC&WM EIS is completed so the rest of the permitting effort can go
forward.

Prepared by: Kim Sheldon, Vista Engineering

Reviewed by: ---"P~.-"S"-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-2.2.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Regulatoryl Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Impact to Disposal System Performance - 2.2.2

Assessment Scope: Does the technology create an additional need for disposal of secondary waste? Is
the nature ofthe secondary waste such that constituents of potential concern (COPC) are mobilized that
increase long term storage risk?

Conditions: Items such as PPEs, failed equipment, etc. are commonly disposed of during Tank Farms
operations. COPCs are not applicable.

None

I

References: None

Attachments: None

Assessment Summary:
• Items such as PPEs, failed equipment, etc. are commonly disposed of during Tank Farms

operations

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (CFF-2.2.3)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Regulatoryl Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Secondary Waste Fonn and Quantity - 2.2.3

Assessment Scope: IdentifY the nature ofwaste(s) that cannot be returned to the Tank Farms. Estimate
the quantity of each waste stream.

Conditions: The Cross-flow Filtration (CFF) process does not produce any secondary wastes that
requires disposal. The clarified LAW supernatant is transferred to the cesium separation process, while
the solids concentrate is returned to an adjacent DST. Other secondary wastes of unknown quantities that
will need disposal include failed equipment (filter elements, valves, etc.); these are off-normal
occurrences and difficult to estimate.

Other Considerations: It is assumed that the caustic and acid solutions used to periodically clean the
filters will either be routed with the LAW supernatant to the cesium separation process or with the solid
concentrate back to the DST (RPP-RPT-37551, §5.2.4). Chemical adjustment may be required for
cleaning solutions returned to the DSTs to meet compatibility requirements.

References: RPP-RPT-37551, May 2008, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions, Rev. A (Draft), CH2MHILL Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary:
• No secondary wastes are produced by the Cross-flow Filtration process

• Unknown quantity of failed equipment for disposal

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: --"P~...cS,,-."'S"'ch"'a"'u"'s'--- _
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Assessment Summary Form (CFF-2.2.4)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Regulatoryl Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Potential impacts to other permitted facilities - 2.2.4

Assessment Scope: Evaluate the impact ofthe technology on the operations of other permitted facilities
on the Hanford Site. This includes any impacts to waste acceptance criteria (WAC), safety basis and
permit requirements.

Conditions:
LERF/ETF
No secondary liquid wastes requiring ETF processing are generated as a result of Cross-flow Filtration
CFF) activities. (See assessment CFF-REG-2.3)
WTP
Assuming certain plant modifications are completed, the current WTP Project commissioning approach
will support commissioning and operation ofthe LAW vitrification facility without the support ofthe
Pretreatment facility. It further assumes that the required services from Balance of Facilities (BOF) and
the WTP Laboratory (LAW) are provided consistent with facilities being commissioned and operated.
(RPP-RPT-30160 §3.5.2) The start of radioactive operations prior to completion ofWTP construction
may impact productivity ofthe construction work force. Due to the close proximity ofthe construction
areas to operating areas and potential for chemical or radiological releases affecting construction,
additional hazard controls may be required. (RPP-RPT-30160 §3.6.4)
Tank Farms and 242-A Evaporator
The modifications to the Tank Farms required to support LAW Pretreatment include waste transfer
system modifications and construction! installation of processing equipment. At this time it is
undetermined whether permit modifications will be necessary for existing operations or whether permits
for the pretreatment process will be sufficient for all interfaces. (RPP-RPT-30160 §3.5.1)
222-8 Lab
At this time it is undetermined whether permit modifications will be necessary for existing operations due
to the increased volume of samples that will be sent to the lab as a result ofInterim Pretreatment.

Other Considerations: Assumptions include that all secondary solid waste is suitable for onsite disposal
and will meet the current waste acce tance criteria.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary:
• The current WTP Project commissioning approach will support commissioning and operation of

the LAW processing facility, without the support ofthe Pretreatment facility.

• Evaluation is needed to confirm secondary wastes meet the waste acceptance criteria.

Prepared by: Kim Sheldon, Vista Engineering

Reviewed by: -!P~.-"S,,-."'S"'ch"'a"'u"'s'--- _
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Assessment Summary Form (CFF-3.1.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Technical Matnrity/Flexibility - 3.0
Technology Readiness Level - 3.1
TRL Number - 3.1.1

Assessment Scope: Determine a Technology Readiness Level (TRL) number for the subject technology.

Conditions: Establish number on the assumption of statns as of May 30, 2008, consistent with guidance
in DOE Process Guide (DOE 2008).

Other Considerations: Determination is based upon initial Technology Readiness Assessment ofthe
subject technology performed by DOE (DOE 2007); the technology was rated a TRL of 3. This
assessment evaluated technology, programmatic, and manufactnring related questions consistent with the
then draft DOE Process Guide. Some questions were modified in the final issued Process Guide (DOE
2008) but are not significant to the conclusions ofthe DOE 2007 assessment. A TRL level was qualified
if all questions in that level were concluded as "Yes" with documented results. Several "No" answers
were indicated on level 4 ofthe DOE Assessment, documented in table C2.

References:
DOE 2007, Technology Readiness Assessment/or the Supplemental Treatment Program, DOE/ORP
2007-01, US DOE Office of River Protection, October 2007.

DOE 2008, Technology Readiness Assessment (TRA) / Technology Maturation Plan (TMP) Process
Guide, US DOE Office of Environmental Management, March 2008.

Attachments: Re-examined table C2 from DOE 2007.

Assessment Summary:
TRL~3

TRL workshop with senior management personnel was conducted on May 13 - 15, 2008 to review past
DOE Assessment (DOE 2007) and consider if conditions have changed since the previous year to warrant
increase in TRL number. Personnel in the workshop concluded that there were still sufficient negative
responses to the queries associated with TRL-4 such as to maintain the same conclusions as the DOE
Assessment (DOE 2007). TRL-4 query documentation is attached.

Prepared by: A. R. Tedeschi Date: May 23, 2008

Reviewed by: ---"P~.",S,,-."'S"'ch"'a..,u"'s'- _
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TABLE I

Annotated Table C2 "Technology Readiness Level 4 Summary for the Cross-Flow Filtration System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 1. Cross-technology issues (if any) have No change from prior Basis determination
been fully identified Criterion in DOE 2008 was changed to

following question: "1. Key process
variable/parameters have been fully identified
and preliminary hazard evaluations have been
performed." Results would be "No" for this
question since a preliminary hazard evaluation
has not yet been documented; this would not
affect the final conclusion ofthe assessment
since several "No's" have already been
identified.

Y 2. Laboratory components tested are No change from prior Basis determination
surrogates for system components

Y 3. Individual components tested in No change from prior Basis determination
laboratory/by supplier (contractor's
component acceptance testing)

Y 4. Subsystems composed of multiple No change from prior Basis determination
components tested at laboratory scale
using simulants

N 5. Modeling and simulation used to No change from prior Basis determination
simulate some components and
interfaces between components

N 6. Customer publishes requirements No change from prior Basis determination
document Criterion in DOE 2008 was slightly reworded

to "Overall system requirements for end user's
application are known." In this case revision to
the concept of "known" would revise the
answer to this question to a "Yes." Solids
concentration data is known through internal
memo communication from WTP. This would
not affect the overall conclusion because of the
other "No's" in the table.

N 7. Overall system requirements for end No change from prior Basis determination-
user's application are documented answer is still a No because there is no CH2M

HILL publishedfunctional system requirements
document.

Criterion in DOE 2008 underlined the word
"documented," to distinguish it from question
#6 above.
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TABLE 1

Annotated Table C2 "Technology Readiness Level 4 Summary for the Cross-Flow Filtration System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 8. System performance metrics No change from prior Basis determination
measuring requirements have been
established

N 9. Laboratory testing requirements No change from prior Basis determination
derived from system requirements are
established

Y 10. Available components assembled No change from prior Basis determination
into laboratory-scale system

Y 11. Laboratory experiments with No change from prior Basis determination
available components show that they
work together (laboratory kludge)

Y 12. Analysis completed to establish No change from prior Basis determination
component compatibility

N 13. Science and technology exit criteria No change from prior Basis determination
established

Y 14. Technology demonstrates basic No change from prior Basis determination
functionality in simulated environment

Y 15. Scalable technology prototypes have No change from prior Basis determination
been produced

N 16. Draft conceptual designs have been No change from prior Basis determination-
documented This question could be answered as "Yes"

considering the draft system descriptions,
process flow diagrams, material balance, and
arrangement drawings are being preparedjor
RPP-RPT-37551, but this document is not yet
released. This consistent interpretation will be
applied to all technologies, unless previously
documented as "Yes" (e.g., Fractional
Crystallization).

N 17. Equipment scale-up relationships No change from prior Basis determination
are understood/accounted for in
technology development program

Y 18. Controlled laboratory envirornnent No change from prior Basis determination
used in testing

Y 19. Initial cost drivers identified No change from prior Basis determination

Y 20. Integration studies have been started No change from prior Basis determination

N 21. Formal risk management program No change from prior Basis determination
initiated
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TABLE I
Annotated Table C2 "Technology Readiness Level 4 Summary for the Cross-Flow Filtration System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 22. Key manufacturing processes for No change from prior Basis determination
equipment systems identified

Y 23. Scaling documents and designs of No change from prior Basis determination
technology have been completed

Y 24. Key manufacturing processes No change from prior Basis determination
assessed in laboratory

N 25. Functional work breakdown No change from prior Basis determination
structure developed (functions
established)

Y 26. Low-fidelity technology "system" No change from prior Basis determination
integration and engineering completed
in a laboratory envirornnent

Y 27. Mitigation strategies identified to No change from prior Basis determination
address manufacturability/producibility
shortfalls

Y 33. (See Note) Technology availability No change from prior Basis determination
dates established

N Functional work breakdown structure No change from prior Basis determination-
developed (functions established) duplicate question from #25 as an artifact of

the Excel spreadsheet calculator - this
question is qualified as "technology" vs.
"programmatic" in question #25.

Note: The final DOE Process Guide (DOE 2008) included additional questions (#28 - #32) from those
previously documented in 2007 DOE Assessment (DOE 2007). They are included below in Table 2 for
completeness with a short summary conclusion by the author (without documented evidence); they were
not evaluated by the TRL Workshop team. They would not affect the TRL # determination, since several
"No's" have already been identified.
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Criteria Criteria
Satisfied (numbers added consistent with DOE Conclusion
YIN 2008)

Y 28. Key physical and chemical Simulants were developed based upon data/or
properties have been characterized for a AN-105 (Envelope A) andAN-107 (Envelope
range of wastes C) wastes

Y 29. A limited number of simulants have Simulants were developed based upon data/or
been developed that approximate the AN-105 (Envelope A) andAN-107 (Envelope
range ofthe waste properties C) wastes

Y 30. Laboratory-scale tests on a limited Emphasis on limited: two crossflow filtration
range of simulants and real waste have tests have been conducted with actual LA W
been completed solutions/rom tanks AW-101 andAN-104

(WSRC-TR-2002-00530 and WSRC-RT-2003-
00295).

N 31. Process/parameterlimits and safety Limited safety issue being examined/or
control strategies are being explored technology down-select but control strategies

and/or limits not being explored.

Y 32. Test plan documents for Actual prototypical lab-scale test completed.
prototypical lab-scale tests completed
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Assessment Summary Form (CFF 3.1.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Technical Matnrity/Flexibility - 3.0
Technology Readiness Level - 3.1
Effort to mature technology (cost and schedule) - 3.1.2

Assessment Scope: Determine rough order of magnitnde (ROM) cost and schedule for developing this
technology to technology readiness level (TRL) Level 6, allowing transition into final design (consistent
with DOE 2007). This effort covers testing for technology matnrity only, i.e., development and
qualification testing. It does not include factory acceptance, construction acceptance, or operational
testing costs; these three project testing activities and all other project costs are covered by other
assessments. This is a ROM estimate for comparison purposes only; final estimates will be documented
in the Technical Matnration Plan.

Conditions: The base condition is established by TRL level 3, identified in the same technology
assessment form TM-1.1. TRL 6 is defined in the DOE Process Guide (DOE 2008).

Other Considerations: Major scope for achieving TRL 6 was defined in a TRL workshop of senior
management May 13 -14, 2008.

References:
DOE 2007, Technology Readiness AssessmentJor the Supplemental Treatment Program, DOE/ORP

2007-01, US DOE Office of River Protection, October 2007.
DOE 2008, Technology Readiness Assessment (TRA) / Technology Maturation Plan (TMP) Process

Guide, US DOE Office of Environmental Management, March 2008.

Attachments: None

Assessment Summary:
ROM Cost ~ $ 2.0 M
ROM Schedule ~ 30 months
Major scope:

1. Complete testing with a broader range of actual DST waste samples.

2. Determine filter response to various chemical cleaning alternates

3. Perform additional simulant testing to understand filter loading

4. Update model and validate against design assumptions

Base Assumptions:
1. Matt cross-flow filter (used at ORNL) is still available for radioactive sample testing

2. Non-radioactive engineering scale unit (used for testing AN-lOS simulant) is still available

Prepared by: A. R. Tedeschi

Reviewed by: -!P~.-"S,,-."'S"'ch"'a"'u"'s'--- _
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Assessment Summary Form (CFF-3.1.3)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Technical Matnrity/Flexibility - 3.0
Technology Readiness Level - 3.1
Probability of Success - 3.1.3

Assessment Scope: IdentifY technology matnration risks for the subject technology identified in the
technology description document (Draft CH2M HILL 2008), and from the technology readiness
assessment workshop, May 13 - 14, 2008.

Conditions: This is a subjective analysis of risk. Major risks will be identified and evaluated for the
following impacts to cost and schedule, resulting in the classic ranking. The following ranking table will
be used from the tank farm risk management procedure (CH2M HILL 2008), providing relative
Probability of Success binning as follows:
High Probability of Success: Worst case risk is Medium
Medium Probability of Success: Worst case risk is High
Low Probability of Success: Worst case risk is Very High

Risks will be listed in the Assessment Summary section. The worst case risk will be used as the final
qualifier for this assessment.

QUALITATIVE RISK VALUES

CONSEQUENCE

Very High
>$5M
>3 Mo

[3] Medium

High
>$1M <5M,

>1 Mo < 3Mos

[3] Marginal >0.4 to :0;0.6 [2] Low
[2] Unlikely >0.25 to .;0.4
[1] ery n ley «0.25)

[4] Likely >0.6 to ';.85 [2] Low

Very Low Low Medium
<$250K, >$250K <$500K, >$500K <$1 M,

F.P""R;.:O;:;B:::A,::B:;I;;L1~T.;,y,...,--=.,.---=+ ....",<,.,5.,;D;.;a;"y,;,S"...-I-_>.;.5..,Days <~2~W:k:S:t::>2=i!WkS < 1 Mo.
[5] Very Likely >.85 to 1.0 [3] Medium ill

Other Considerations: The technology readiness assessment workshop May 13 -14, 2008 gathered two
senior technical managers and multiple technical personnel to identifY risk items. The consequence and
probability values ofthese risk items (similarly for those items noted in the technology description) are
the determination ofthe author. This risk evaluation will only consider those risks associated with
technology development, and not include risks from design or operation.

References:
Draft - CH2M HILL 2008, May, T.H. et ai, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008
CH2M HILL 2008, RiskManagement, TFC-PRJ-PC-C-13, Rev B-6, April 2008, CH2M HILL Hanford

Group Inc., Richland, WA

Attachments: None
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Probability of Success ~ High

RPP-RPT-3774l, Rev 0

(Worst Case Technology Maturation Risk is "Medium")

Risks identified in draft RPP-RPT-37551:
No technology maturation risks identified.

Risks identified from technology readiness workshop May 13 - 14:
1. Uncertainty offinalflux rates through additional testing and modeling during technical maturation
may require significant model revision and/or additional tests.

Consequence: Medium
Probability: Marginal
Risk: Medium

Prepared by: A. R. Tedeschi

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-3.2.1)

Technology: Crossflow Filtration
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Ability to process a variety of feeds - 3.2.1

Assessment Scope: Evaluate general flexibility of system to process tank farm input streams that
vary in critical characteristics.

Conditions: This is a subjective evaluation of current capability based upon existing
configuration information, past test results, and understanding of the unit operations. This effort
supports determination of the overall Technology Readiness Level. Critical input stream
characteristics include:

• Solids concentration

• Solids type/structure (e.g., round or elongated crystals, flocculent or sludge)

• Solids size

Other Considerations: While some laboratory and engineering prototypical effort has been
performed, testing bounding all actual DST waste and simulants is not completed. Technical
data on some solids concentration variation is available but does not cover the wide variation of
Hanford wastes.

References:
CH2M HILL 2008, May, T. H. et aI, Project W-551, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008, CH2M
HILL Hanford Group Inc., Richland WA.

WSCRC 2003, Poirier, M. R. et aI, Filtration ofa HanfordAN-104 Sample (U), WSRC-TR
2003-00295, September 2003, Rev 0, Westinghouse Savannah River Company, Aiken,
SC

ORNL 2001, Kent, T. E. et aI, Development and Deployment ofa Full-Scale Cross-Flow
Filtration System for Treatment ofLiquid Low-Level Waste at Oak Ridge National
Laboratory, ORNL/TM-2000/27, June 2001, Rev 0, Oak Ridge National Laboratory, Oak
Ridge, TN

Attachments: None

Assessment Summary:
Summary information is organized by critical input stream characteristics.

Solids concentration - Oak Ridge testing showed cross-flow filtration testing flux rates with
simulated Savannah River tank wastes in the range of 0.02 to 0.14 gpm/ft2 for feed suspended
solid concentrations of 0.1 to 15 wt% (ORNL 2001). Oak ridge testing also qualified controlling
factors for filter flux depending upon solid concentrations: in the Mott filter flux was controlled
by transmembrane filter drop for concentrations <5 wt % and by axial velocity for solids at 10 
15 wt %.

47



RPP-RPT-3774l, Rev 0

Solids shape - Cross-flow filtration is sensitive to particle shape only at small particle sizes;
spherical particles tend to clog the filter pores. Chemical cleaning systems are successful in
resolubilizing or breaking up sludge mass. Chemical cleaning is planned for IPS design.

Solids size - Cross-flow filtration is sensitive to particle size. Small particles at the size or
smaller of the filter pores tend to decrease filter flux by accumulating within the pore structure.
Normal design resolution is the installation of air backpulsing, low-shear pumps to avoid
reducing solids particle size and/or minimizing particle uniformity, and chemical cleaning
systems - these types of controls are maximized in the IPS design.

Savannah River testing of AN-104 tank waste measured an average filter flux rate of 0.085
gpm/ft2 particle sizes of 0.8 - 1.7 micron (WSCRC 2003).

Prepared by: A. R. Tedeschi

Reviewed by: ...P~.-,S,,-. -'S"'c""h""au"'s"---- _
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Assessment Summary Form (CFF-3.2.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Technical Matnrity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Ability to adjust process rate - 3.2.2

Assessment Scope: Conclude general flexibility of system to handle varying process feed/output rate.

Conditions: This is a subjective evaluation ofthe ability to adjust the subject technology input feed rate
while maintaining stable technology operation, based upon existing configuration information, past test
results, and understanding ofthe unit operations. The technology shall be binned into the following
categories:
High Rate Flexibility ~ Can adjust process feed rate across wide range while having minimal effect on
operation.
Medium Rate Flexibility ~ Can only slightly adjust feed rates while maintaining stable operation.
Low Rate Flexibility ~ Slight feed rate adjustment will have high probability ofprocess upsets and
require significant effort to recover technology stability.

Other Considerations: All systems are operated by a similar pumping design. It is assumed that the
optimum design will be selected for feed rate control dependent upon the technology, i.e., valving,
pressure monitoring, automatic flow-control valves, and/or variable speed drives will be used as
appropriate. Since these support systems are extraneous to the technology, the specific feed control
scheme application will not be weighted - only the response ofthe technology to varying conditions.
Also, theoretically, process rate adjustment is a matter of design risk. Overcapacity could be designed
into the filtration system to handle rate fluctnations, by increasing the number of units. It is assumed that
the current pre-conceptnal design as noted in the design description will be adequate to meet specified
flow capacities.

References:
Draft - CH2M HILL 2008, May, T. H. et aI, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008
BNF 2000, Duigan, M. R., Final report: Pilot-scale Cross-flow Ultrafiltration Test Using a Hanford Site

Tank 24I-AN-I05 Waste Simulant- Envelope A + Entrained Solids, BNF-003-98-0221, February
2000, Westinghouse Savannah River Company, Aiken, SC.

Attachments: None

Assessment Summary: Process Rate Adjustment Flexibility ~ High
Flexibility is defined as High because of two technical bases identified through testing (BNF 2000). First,
the natnre of cross-flow filter testing establishes a degree offreedom between the pressure and axial
velocity flow.

"A cross-jlow filter (XF) is significantly different from a dead-endfilter in that the main slurry flow is not
forced through the filter medium. Instead, the slurry flows parallel to the filter substrate while allowing
the filtrate to be removed perpendicularly, as a result ofthe transmembrane pressure (TMP). In this w0'
the XF is basically selfcleaning as the turbulent slurry flow tend to shear solids ow0' from the filter wall
as thev try to adhere. However, because ofthis cross flowinz stream, there is an added dezree of
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freedom. For instance, an increase in slurry velocity may, but not necessarily, lead to an increase in
filtrate flux. This is because the slurry system pressure can be made to decrease. That is, the slurry system
pressure can be controlled independently from the slurry axial velocity and both of these quantities will
affect the rate offiltrate flow." (BNF 2000 page 22)

Both parameters affect perpendicular transport ofthe filtrate across the transmembrane. It is possible to
fluctuate filter pressures in addition to changing flowrates to affect the filter flux. This provides
significant flexibility of process operations with varied feed rates.

Secondly, changing feed rates affect the shearing of solids thus providing a self-cleaning value to varying
flow rates. It is possible to adjust feed flow rates to compensate for solids buildup in the filter membrane
pores.

Prepared by: A. R. Tedeschi
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Assessment Summary Form (CFF-3.2.3)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Technical Matnrity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Flexibility to modifY product - 3.2.3

Assessment Scope: Determine technology design and process control flexibility.

Conditions: This is a subjective evaluation based upon the technology and applied process control
ability. The following binning is arbitrarily defined to establish flexibility based upon degrees offreedom
oftechnology choices and process control parameters.
High filtration product flexibility ~ > 12 degrees of freedom.
Medium filtration product flexibility ~ < 12 and> 5 degrees offreedom
Low filtration product flexibility ~ < 5 degree offreedom.

Other Considerations: Testing thus far on filtration systems has shown a high probability for technology
to remove 99.99% solids to achieve WTP feed conditions. (The referenced WTP criteria memorandum
(BN! 2008 pg 1) also notes the general filtration criteria of "removal of almost all compounds comparable
to the WTP pretreatment facility ultrafiltration system." Maximum particle size of all product is assumed
to be less than the maximum limit established for Low Activity Waste feed of 31.1 microns. (BN! 2008
pg 4). The maximum solids requirement value of:S 3.8 wt % is also documented in Interface Control
Document #19 between the Tank Farm Contractor and the Waste Treatment Plant.)

References:
BN! 2008, Robert Hanson to S.A. Saunders, Early LAW Waste Receipt Criteria Revision, Memorandum,

CCN #155899, April 8, 2008, Bechtel National, Inc. Richland, WA.
Draft - CH2M HILL 2008, May, T.H. et ai, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Filtration Product Flexibility ~ Medium
Design and operating degrees of freedom ~ 9

1. Filter pore size

2. Filter area

3. Sintered material thickness

4. Filter material of construction

5. Number of filters

6. Feed flow rate/pressure

7. Feed temperature

8. Flush timing

9. Flush material chemistry

Prepared by: A. R. Tedeschi
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Assessment Summary Form (CFF-3.2.4)

Technology: Crossflow Filtration
Criteria: Technical Maturity/Flexibility
Measure: Process Flexibility and Robustness
Definition: Ability to expand

Assessment Scope: Evaluate flexibility of system to handle additional waste volume

Conditions: This is a subjective evaluation of current capability based upon existing
configuration information, past test results, and understanding of the unit operations. This effort
supports determination of the overall Technology Readiness Level. Critical expansion
characteristics include:

• Ability of existing design to handle additional feed volumes

• Ability for installation of addition separation unit operations into existing footprint

Evaluation assumes this flexibility is based upon additional volume/mass only with all other
waste conditions remaining constant.

None.

References:
CH2M HILL 2008, May, T. H. et aI, Project W-551, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008, CH2M
HILL Hanford Group Inc., Richland WA.

Attachments: None

Assessment Summary:

Technology is sized to meet required filtrate rates with minimal extra capacity for ion exchange
and caustic side solvent extraction and slight over-capacity for fractional crystallization based
upon predicted filtration rates (CH2M HILL 2008):
Excess Capacity IX~O %, FC~11 %, CSSX~2 %

Footprint has additional capacity for additional filters in horizontal configuration or if system
was realigned to vertical configuration. Footprint has capability to be easily modified for
additional filters if needed.

Prepared by: A. R. Tedeschi
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Assessment Summary Form (CFF-3.2.5)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Technical Matnrity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Recover from out of spec product - 3.2.5

Assessment Scope: Define flexibility of system to address product that does not meet specification
requirements.

Conditions: This is a subjective analysis based upon the current process flow sheet, without specific
systems assumed for recycle and storage to address out of specification product. Flexibility is defined by
the following binning:
High flexibility for recovery ~ existing system will allow recycle ofproduct for convergence to proper
specifications without additional hardware systems (assumes minimal software changes).
Medium flexibility for recovery ~ system requires minimal storage or processing or software
modifications to allow for convergence of recycle streams to proper specifications (e.g., $lM - $5M)
Low flexibility for recovery ~ system requires significant storage or processing or software modifications
to allow convergence of recycle streams to proper specifications. (e.g., $5M - $20M)
Very Low flexibility for recovery ~ final product can no longer be further processed to improve
specification; out-of specification material must be segregated for special disposal handling or blending
for other treatment processes.

Other Considerations: Key design basis has cross-flow filtration system installed within cesium removal
system footprint.

References:
Draft - CH2M HILL 2008, May, T.H. et ai, Project W-551, "Interim Pretreatment System," Pre
conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Recovery flexibility ~ Medium

Current process flow sheet establishes a feed receipt tank for collection of filtered product. A recycle line
could be installed from feed receipt tank to allow re-filtration of product material, using existing tanks
and pumps. A rough order-of-magnitude estimate is a recycle line and valves would cost less than $5M.

Prepared by :_~A",,--.R"",-.-"T-"e"de",s",c",hi,,-· _
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Assessment Summary Form (CFF-3.2.6)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Technical Matnrity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Technology applicability to other DOE complex projects - 3.2.6

Assessment Scope: Define technology interface in relationship to other pretreatment activities occurring
across the DOE complex.

Conditions: This is a subjective analysis providing a ranked perspective of interfaces. Binning shall be
defined as follows:
High applicability to other DOE complex projects ~ Identical technology was or is being deployed in
other DOE site(s) for full scale operation.
Medium applicability to other DOE complex projects ~ Identical technology is under investigation at
other DOE site(s) for deployment.
Low applicability to other DOE complex projects ~ Identical technology is planned for investigation at
other DOE site(s).
No applicability ~ No further planning of deploying this technology is being considered at any other DOE
complex site.

I Other Considerations: None

References: Draft - CH2M HILL 2008, May, T.H. et aI, Project W-55I, "Interim Pretreatment System,"
Pre-conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Technical applicability is High.

This technology is being employed by the Hanford Waste Treatment Plant. This technology has been
successfully deployed at West Valley Demonstration Project (WVDP), the Savannah River Site (SRS)
and Oak Ridge National Laboratory (ORNL).

Prepared by :_~A",,-.R","-.-"T.>:e",de",s",c",hiL· _
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Assessment Summary Form (CFF-4.1.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number and frequency of surveillances - 4.1.1

Assessment Scope:
The number and frequency of routine process parameters that must be recorded on procedure data sheets

during operating and shutdown periods.

Conditions:
There are at least twenty two (22) process parameters that require monitoring and recording once per shift
during routine equipment operation.

Other Considerations:
As the detailed design ofthe CFF system is developed there may be more process parameters and
instruments identified that will require monitoring and recording.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: Table 1- Instrument and process parameters to be monitored

Assessment Summary:
The process parameters to be monitored are comparable to current waste transfer operations and process
operations similar to the waste retrieval from the 200 Series tanks.
There are 22 process parameters currently identified for operating periods. During shutdown periods,
tank levels and leak detectors along with building ventilation flows would require monitoring.

Prepared by: Paul Kison, _
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Table 1 - List ofrnstrument and Process Parameters

1. Waste Feed Pump Amps

2. Waste Feed Pump Windings Temperature

3. Waste Feed Pump Discharge Pressure

4. Waste Feed Flow Rate

5. Filter Differential Pressure

6. Filter Temperature

7. Feed Tank Level

8. Receiver Tank Level

9. Leak Detector Pump Pit

10. Leak Detector Filtrate Line

11. Leak Detector Feed Line

12. Receiver Tank Pressure

13. Filtrate Solids Detector

14. Filtrate Line Radiation Monitor

15. Filter Building Ventilation Flow

16. Air Pressure to Filter Blowback

17. Air Flow to Filter Blowback

18. 241-AP-102 Tank Level

19. Waste Transfer Pump Amps

20. Waste Transfer Pump Winding Temperature

21. Waste Transfer Pump Discharge Pressure

22. Waste Transfer Pump Flow Rate
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Assessment Summary Form (CFF-4.1.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number ofpeople to operate - 4.1.2

Assessment Scope: Determine the minimum number of personnel required to operate the CFF system
with components located in two different locations.

Conditions: The three main components of the CFF system, the waste transfer pump, waste feed pump
and the filter system, will probably be located at two different and separate sites. The most probable
configuration will have the waste transfer pump in the 241-AP-I02 and the waste feed pump and filter
system will be located in the IPT facility.

Other Considerations: The monitoring of the waste transfer pump could be incorporated into the control
room ofthe IPS facility and eliminate the need for specifically assigned personnel at the 241-AP farm for
monitoring the waste transfer.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: A list of personnel for co-located conditions is attached.

Assessment Summary:
The minimum number of operating personnel is six (6) for the operation and monitoring ofthe three main
components ofthe CCF system with the monitoring performed in the IPS facility.

Prepared by: Paul Kison
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Personnel Requirements for Equipment in One Location

RPP-RPT-3774l, Rev 0

Operators-IPS Facility

Supervisor

Engineer

2 each

1 each

1 each (part time or on call)

Health Physics Technician 1 each (surveillance in the farm)
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Assessment Summary Form (CFF-4.1.3)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Ease of startup and shutdown - 4.1.3

Assessment Scope: Determine the complexity of startup and shutdown ofthe components of CFF filter
system and its ancillary equipment.

Conditions: The CFF system has only two (2) moving components, those being the waste transfer pump
and the waste feed pump. There are the requisite transfer routes, valve sequences, instrument checks, and
filter blowback checks to be completed prior to startup but the actual operation is very simple. The
temporary or emergency shutdown would require only stopping the waste transfer pump and the waste
feed pump.

Other Considerations: Water flushing ofthe filter system would be prudent following a shutdown for an
extended period (>5 days) but may not be mandatory for short shutdown periods. The flushing operation
could be as simple as emptying the receiver tank back to the DST and adding solution to the receiver tank
and re-circulating the flush solution through the filter back to the receiver tank.
The removal and installation of administrative locks for startup and shutdown would be required but that
is required for all Safety Basis equipment within the tank farms.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: The CFF system is easy to startup and shutdown based on a small number of
moving components and a very simple process.

Prepared by: Paul Kison
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Assessment Summary Form (CFF-4.1.4)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize system complexity - 4.1.4

Assessment Scope: Determine the system complexity by measurement ofthe number of parts and transfer
routes.

Conditions: The CFF system includes a waste transfer pump, waste feed pump, filter, air blowback
system and four (4) primary transfer lines (line from waste transfer pump to feed storage tank, line from
feed tank to filter via waste feed pump, filtrate line to storage tank and solids return line from filter to
DST tank). The instrumentation associated with the CFF includes tank levels, differential pressures, leak
detection and, liquid flow rates. The only unique part ofthe filter system is the pulsed blowback which is
routinely used with many filter systems to reduce solids buildup on the filter tubes.

Other Considerations: The only limitation may be the overall filter efficiency with respect to the
percentage of solids in the feed stream which may require additional equipment to control or reduce
excessive solids buildup on the filter tubes. Further full scale testing with actual waste should identifY
orocess limits with resoect to solids content ofthe feed stream.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: The pumping systems are no more complex than any of the existing waste
transfer systems currently used in the tank farms. The CFF system has only three (3) moving components
and four (4) primary transfer lines. The CFF operating requirements are simple unit operations of
pumping, filtration, liquid transfers and monitoring of process parameters.

Prepared by: Paul Kison
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Assessment Summary Form (CFF-4.1.5)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number of chemicals needed - 4.1.5

Assessment Scope: Determine the number and types of chemicals required for operation ofthe CFF
system and components.

Conditions: There are two chemicals, sodium hydroxide and nitric acid, that may be routinely used for
the cleaning ofthe filter tubes. The reference document indicates that a caustic flush after each waste
campaign is recommended.

Other Considerations: The filter flushing could require up to 500 gallons of 0.1 M sodium hydroxide
solution. The flush solution could be prepared at a central location and transported by truck to the filter
building or in the IPS facility and pumped to the filter cell and routed to the waste receiver tank for
recirculation or directly into the filter. The flush solution may require chemical treatment to meet waste
compatibility requirements (hydroxide, nitrate, and nitrite) for transfer back to the DST tanks..
It is possible that during the course of processing tank waste that some other chemicals may be required
for cleaning or decontamination purposes, but none have been delineated to date. If other chemicals are
required, their compatibility with the CFF and the waste storage tanks would require evaluation.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: The CFF process chemical requirements are sodium hydroxide and nitric acid for
filter flushing. Both are common chemicals that have been used at Hanford for many years. Any other
chemicals used for cleaning or decontamination will require a capability assessment prior to their use to
preclude damage to the CFF system or the waste storage tanks. Any solutions transferred to the DST
must meet waste tank specifications for hydroxide, nitrate and nitrite requirements.

Prepared by: Paul Kison
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Assessment Summary Form (CFF-4.1.6)

Technology:
Criteria:
Measure:
Definition:

Cross-flow Filtration
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number of process and regulatory samples - 4.1.6

Assessment Scope: Determine the number and frequency of process samples required for normal
operation and the samples required to meet regulatory requirements.

Conditions: The feed solution for the CFF should be sampled to determine chemical composition and
percent solids content to determine the process parameters to achieve the best efficiency of the CFF
system. There are no waste streams from the process that require sampling for regulatory purposes.

Other Considerations: Samples ofthe filtrate from the CFF would be beneficial for process control and
monitoring purposes but the handling and potential radiation hazards may not justifY the effort. The
addition of filtrate sampling point in the process could also introduce additional safety issues and
requirements.
There may be samples of flush solution required to assure chemical strength prior to use. Also samples of
spent flush solutions will be required to determine chemical compatibility with DST and following any
chemical adjustments to assure compatibility.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: There is only one (I) process sample (filter system feed) and no regulatory
samples required for the CFF system. There may be flush solution samples required prior to use and for
compatibility prior to transfers to the DST tanks.

Prepared by: Paul Kison
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Assessment Summary Form (CFF-4.1.7)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Batch verses continuous - 4.1.7

Assessment Scope: Determine the most productive and efficient method of operation for the CFF system.

Conditions: The CFF system can be operated as a batch or continuous process. The only limitation is the
availability of waste feed, waste feed storage and tank space for the filtrate. The most probable mode of
operation is continuous mode for each tank ofDST waste or campaign. The composition and
characteristics of the feed material will be required prior to the startup of the CFF system to define the
process parameters required for processing.

Other Considerations: The 241-AP-102 tank has been designated as the waste feed storage tank. The
waste will be transferred to a smaller interim storage tank in the IPS facility. The waste feed for the CFF
will be pumped from the interim storage tank to the filter system. Filtrate from the CFF will be stored in
the IPS facility as feed for the cesium removal system. The solids from the filter will be routed to a
designated DST for storage until future treatment. The time required to obtain and analyze samples ofthe
material in 241-AP-102 or other DST's prior to processing can be a limiting factor to the continuous
operation ofthe CFF system.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: The CFF system can be operated on continuous basis for each campaign of
characterized feed material provide there is tank storage space within the IPS facility. The CFF system
could also be operated on a "short batch" basis to accommodate limited storage space which may result in
increased shutdowns and startups.

Prepared by: Paul Kison
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Assessment Summary Form (CFF-4.1.8)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Ease of entry and exit from standby - 4.1.8

Assessment Scope: Evaluate impact oftemporary shutdown and requirements for restart ofthe CFF
system operation.

Conditions: The shutdown ofthe CFF system requires the cessation offeed flows and installation of
administrative locks on valves and pumps. The filter system can remain partially filled with solids and/or
liquids. The impact would be minimal as excessive solids would be purged back to the waste feed tank
upon restart and recycled back to the filter. Any filtrate would either remain in the filter or drain to the
product receiver tank. Since the two (2) waste pumps, and the air blowback system are the only "active"
components in the CFF system, shutdown would be very simple. The restart or exit from standby would
require removal of administrative locks and reactivation ofthe feed pumps and air blowback system if it
were shutdown.

Other Considerations: Depending upon it duration, shutdown period could provide an opportunity to
perform a filter flushing sequence earlier than recommended in the operating plan but that could allow an
extended operating period after restart by taking advantage ofthe shutdown.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: The CFF system can be shutdown and restarted will relative ease and with
minimal process disruption.

Prepared by: Paul Kison
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Assessment Summary Form (CFF-4.1.9)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Wide operating margin - 4.1.9

Assessment Scope: Evaluate the range of waste feed chemicals and solids that the CFF can efficiently
process.

Conditions: The CFF system should readily process waste feed with a solids content of 2 to 20 wt %
solids with 99.99% solids removal.

Other Considerations: The filter system throughput may be reduced with higher solids content feed
material. An increase in velocity ofthe feed material through the tubes may help reduce the buildup of
solids on the tubes and increased filter blowback frequencies may be required to reduce buildup.
Chemical flushing with sodium hydroxide may also be required on a more frequent basis if excessive
filter fouling occurs. There may be some wastes in tank farms that would require dilution or some form
oftreatment to make them compatible with the CFF system. Some ofthe wastes may simply not be
treatable with filter svstems.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: The CFF system has an acceptable operating range for the majority ofthe tank
wastes present in the tank farms. The CFF system capacity is acceptable for interim pretreatment of feed
to the LAW facility.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (CFF-4.1.10)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Complexity oftransfers to, from and within Tank Farms - 4.1.10

Assessment Scope: IdentifY any special equipment or processes required for the transfer oftank wastes
to and from the CFF system.

Conditions: There are no special processes required for the transfer oftank waste. The hose-in-hose
transfer line (HIHTL) may be considered a special equipment item, but HIHTLs have been in use for the
past eight years at the Hanford site and should be considered a standard equipment item. The CFF
transfers are standard tank to tank, and tank to equipment which are routine transfers for Tank Farm
Operations.

Other Considerations: The HIHTLs have a seven (7) year operating life and if used, could requirement
replacement during the IPS.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: All transfers for the CFF system are considered standard tank farm transfers and
require no special equipment or processes to accomplish the transfers.

Prepared by: Paul Kison
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Assessment Summary Form (CFF-4.2.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
ALARA-4.2
Less required contact maintenance is better, etc. - 4.2.1

Assessment Scope: Evaluate the number of system components containing radioactive waste or
hazardous chemicals that require hands-on maintainence.

Conditions: The waste transfer pump, waste feed pump, waste transfer piping and the filter assembly are
the primary equipment items that will contain radioactive waste and hazardous chemicals. The chemical
flushing system will utilize sodium hydroxide and nitric acid which are considered hazardous materials.
Ifthe CFF system is located in a separate facility, the facility will require a ventilation filter or ventilation
system can potentially contain tank waste constituents. The majority ofthe instrument lines, leak
detectors, flow meters, and radiation detectors are potentially contaminated by tank waste constituents but
do not represent a significant hazard for routine calibrations and operability checks. Their replacement
would expose personnel to radiological and chemical hazards.

Other Considerations: In the event of failure, a waste transfer pump or waste feed pump will be replaced
in total but will require some contact work to complete the task. The failure frequency for the waste
transfer pumps has been after pumping to two to three million gallons of waste. However, the IPS
program will be pumping only supernatant so the life expectancy ofthe pumps should be significantly
increased to six to seven million gallons. The same is true for the waste feed pump in the IPS facility. In
the case of a tube failure in the CFF system, the replacement ofthe tube bundle will be a contact
maintenance activity, however; the frequency is projected to be only once per five (5) years. The filter
shell and tube bundle can be chemically cleaned to remove the majority ofthe radiological hazards but
there will still be a risk of exposure to radiological and chemical contamination during maintenance
activities.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: The waste feed pump, waste transfer pump and the filter tube bundle will require
contact maintenance for all repair and replacement activities. The expected frequency ofthe waste
transfer pump and the waste feed pump should be nominally once per 6-7 million gallons pumped since
they will be transferring primarily supernatant solutions rather than significant quantities of solids. The
expected frequency for the filter tube bundle is once per five (5) years.
The instrumentation and control systems will involve work within the tank farms, but the exposure to
radiological and chemical hazards can be minimized. Their replacement would require contact
maintenance but on an infrequent basis.

Prepared by: Paul Kison
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Assessment Summary Form (CFF-4.3.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Reliability - 4.3
Number of active components - 4.3.1

Assessment Scope: Determine the number of active components and estimated frequency offailure.

Conditions: The number ofmajor active components is three (3): the waste transfer pump, the waste feed
pump and the filter blowback system. There are flow control valves that would be considered as active
components if they are equipped with diaphragm or hydraulic operators to control the valve position
during operation.

Other Considerations: The average operating life of an active waste transfer pump is two to three million
gallons pumped, or five (5) years, based on transfer frequency. Since the waste transfer and waste feed
pumps will be processing primarily supernatant, the pumps should remain serviceable for six to seven
millions gallons pumped before failure occurs within the same five (5) year frequency. Ifthe pump is
inactive for an extended period oftime, the pump shaft bearings can fill with waste material or the motor
bearings tend to seize and at the present time the Safety Analysis does not allow periodic rotation ofthe
pump motors and shafts without all ofthe transfer controls active and monitored during a periodic 10-15
second "pump bump". The filter blowback system should not fail more than once per ten (10) years,
however; the experience with air compressors in continuous service is failure is every one to t\vo years.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: The only three (3) active components in the CFF system are the waste transfer
pump, the waste feed pump and filter blowback system. The waste pumps should not fail before
completing the pumping of 6-7 million gallons of supernatant or once per five (5) years in active service.
The filter blowback system failure frequency should be once per ten (10) years.
The reliability ofthe CFF system should be outstanding.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-4.3.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Reliability - 4.3
Reliability of analogous systems - 4.3.2

Assessment Scope: Compare the CFF with comparable systems previously used at the Hanford site,
other DOE sites or commercial facilities.

Conditions: The waste feed pump is comparable with other tank waste transfer pumps used in the tank
farms for the past 20-25 years. Their reliability has been acceptable as long as the pumps do not remain
idle for extended periods.
There is no documented use of a large shell and tube filtration system, however; there have been
numerous small shell and tube equivalent filters used in PUREX, Plutonium Finishing Plant and Waste
Encapsulation. The performance ofthe small single element filters has been satisfactory.

Other Considerations: There should be additional laboratory testing performed with tank waste or
simulated waste to assure that the filter efficiency is acceptable for the anticipated range of solids and
chemicals found in the waste tanks which will be supplying feed to the CFF system.
Shell-and-tube filter systems are commercially used in the paint, paper, beverage, food processing and
water softening industrial applications. The technology is well defined and equipment can be procured
from a variety of suppliers to meet the specifications for the CFF system.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: While there is no experience with shell-and-tube filter systems at the Hanford site
for processing material similar to the tank waste, they are widely used in commercial facilities for similar
operations.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-4.4.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize number of support systems - 4.4.1

Assessment Scope:
Count and evaluation of support systems required by the technology:

• Minimal or extensive number of services needed

Conditions:
The cross-flow filters (CFF) are passive units feed by an external pump. Differential pressure is regulated
by a valve on the concentrate discharge, which is assumed to be air operated. Periodically (assume at a
given dP), the filtrate will be pulsed back through the filter membranes to dislodge accumulated solids,
via a back pulse vessel and air reservoir. Therefore, air service is needed for the reservoir. Additionally,
the filters may be subject to a chemical wash (sodium hydroxide and/or nitric acid) to remove embedded
solids.

I o~uC.,""","".=
None.

References:
• RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and

Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

• RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate Technology
Descriptions", Section 5.2

Attachments: None.

Assessment Summary: The CFF technology will require minimal services (air, sodium hydroxide and/or
nitric acid) for normal operations.

Prepared by: Anthony Cutrona

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (CFF-4.4.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize number and frequency ofPMs - 4.4.2

Assessment Scope:
Determine number of components for the technology that will require Preventive Maintenance (PM), and
evaluate for frequency that PM will be performed. The PM activities considered are those that would be
performed to operate the equipment and maintain the equipment operable, while the equipment is in
operation.

Conditions:
The CFF and associated back pulse vessels are passive in operation, with no moving parts. PM activities
are anticipated to be minimal and routine, such as:

• Visual inspection for leaks (once a month)
• Monitoring of dP across unit: dP reading can be monitored in the control room via the facility

control system. Estimate two gauges (one per CFF unit), with yearly calibration required.

Other Considerations:
Zone classification ofroom where equipment is located could add complexity to performance of the PM
activities.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None.

Assessment Summary: PM activities for CFF are anticipated to be routine (visual inspection, operating
parameter monitoring), however, if the equipment is located in-zone, a level of complexity is added (PPG
for personnel entry, provisions for remote monitoring, etc)

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-4.4.3)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize maintenance in zone entries - 4.4.3

Assessment Scope: Evaluate technology for activities which requires hands-on maintenance.

Conditions: PM activities, repair/replacement, and surveillances are typically the activities which would
require in zone entry. Assuming that PM activities and surveillances can be performed remotely (DCS
monitoring, in-room cameras, etc), then in-zone entry is limited to repair/replacement activities. The filter
is anticipated to last for the projected 5 year service life ofthe facility, however, assume an upset
condition occurring over the service life which will require entry for repair/replacement.

Other Considerations: The amount and nature ofthe incoming solids can affect service life due to
abrasion, plugging ofthe filter screens, etc.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 5.2

Attachments: None

Assessment Summary: Estimate in zone entry needed once over 5 year service life of plant for
repair/replacement of filter tube bundle.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-4.4.4)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize specialized equipment and parts - 4.4.4

Assessment Scope: Evaluate teclrnology for custom designed, one-of-a-kind components versus
established, commercially available designs.

Conditions: Cross-flow filters (CFF) are an established, commercially available product. However, for
radioactive service, certain components (filter media, gaskets, etc) may be other than manufacturer's
standard offering. This does not necessarily make the part unique, but not readily available. Therefore,
advanced ordering and storing of spare parts may be required.

None.

I R</.,=", Noo<

Attachments: None.

Assessment Summary: Technology is commercially available and not specialized equipment. However,
for radioactive service some components may not be readily available when needed for
repair/maintenance, and may need to be advanced ordered and warehoused.

Prepared by: Anthony Cutrona

Reviewed by: ---"P~.-"S"-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-4.4.5)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability
Ease and frequency of maintenance
Minimize tank entries

Assessment Scope: Evaluate teclrnology for placement on/in tanks.

Conditions: The proposed CFF will be located in the IPS facility, and will receive tank waste feed via an
adjacent supply tank. However, the feed pump will be located in the DST.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.
RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate Teclrnology
Descriptions", Section 8.3 (CSSX facility layout sketch)

Attachments: None

Assessment Summary: The filter assembly will be located in the IPS facility, but the waste feed pump
will be in the DST. Therefore, tank entry is required for maintenance ofthe feed pump.

Prepared by: Anthony Cutrona

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'--- _
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Assessment Summary Form (CFF-4.5.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Ease oftraining - 4.5.1

Assessment Scope: Evaluate teclrnology for complexity of operation which would require extensive
training.

Conditions: The cross-flow filter (CFF) is a passive unit with an uncomplicated operating principle that
requires only basic control. Any personnel familiar with pump and filter operations would quickly learn
this teclrnology.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington.

Attachments: None.

Assessment Summary:
No complexity is identified for this technology that would require extensive training.

Prepared by: Anthony Cutrona

Reviewed by: ---"P~.-"S"-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-4.5.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Complexity of procedures - 4.5.2

Assessment Scope: Evaluate technology for complexity of design or operation that would require
extensive procedures.

Conditions: Other than procedure for work on radioactive equipment, the procedures covering operation
and maintenance should be uncomplicated, as the CFF is a straight forward design which does not
introduce complexity that personnel familiar with pump and filter operations would not understand.

I R</.,=", Noo<

Attachments: None.

Assessment Summary: No complexity for O&M procedures is anticipated for this technology.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-4.5.3)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Similar to other process facilities on site - 4.5.3

Assessment Scope: Evaluate technology to determine if currently/previously used at Hanford.

Conditions: As far as can be ascertained, this technology has not been used at Hanford, but it is the
selected technology that will be used in the WTP-PTF ultra-filtration system.

Other Considerations: Operation of CFF at the IPS would provide operating experience input, lessons
learned, etc, for the WTP.

I R</.,=", NIA

Attachments: None.

Assessment Summary: Not similar to other technologies on site.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-4.6.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Liquid/solid secondary waste - 4.6
Waste handling compatible with existing systems (DOE Order 420.1B) - 4.6.1

Assessment Scope: Evaluate technology for features that would fall under the requirements for 420.1B

Conditions: Order 420.1B is the general aspects of safety to be included in DOE facilities, and covers
Nuclear and Explosion safety design, Fire Protection, Criticality Safety, NPH Mitigation, and the System
Engineer Program. Review ofthe order finds no feature ofthe technology which would not fall under the
requirements.

References: DOE Order 420.1B

Attachments: None

Assessment Summary: The technology is compatible with DOE Order 420.1B.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (CFF-4.6.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Operability and Maintainability - 4.0
Liquid/solid secondary waste - 4.6
Minimize operational impacts associated with hazardous waste handling - 4.6.2

Assessment Scope: Evaluate technology for impacts on process operations during secondary waste
handling.

Conditions: The secondary waste generated by the technology is the filtered solids from the raw DST
incoming feed. The unit is designed for continuous operation, and the cross-flow promotes self cleaning
ofthe filter membranes by sloughing off the filtered solids, which are returned to DSTs. No impact to
process operations is anticipated during normal operation. Upon failure, when replacement of components
is required, will operations need to be suspended, which will require handling and disposal of
contaminated equipment. Failure is estimated to happen once (1) during the 5 year service life ofthe
facility.

I R</.,=", Noo<

Attachments: None

Assessment Summary: The technology is suited for continuous operation, with no impact for handling of
secondary waste during normal operation. Suspension of operations is estimated to be once during 5-year
service life of facility for replacement and disposal of failed equipment.

Prepared by: Anthony Cutrona

Reviewed by: --"P~...cS,,-.-"S"'ch"'a"'u"'s'--- _
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Assessment Summary Form (5.1.1)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Capital costs - 5.1.1

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. The construction costs are based on
take-offs from the equipment lists, layouts, and data developed in RPP-RPT-3775l, Project W
551 Interim Pretreatment System Pre-conceptual Candidate Technology Descriptions.

The estimates are for comparison of options and are not complete project costs. Costs for items
such as control trailer, transformer, switchgear, motor control center, power transmission lines,
water supply lines, and sanitary waste removal have not been included as they have been
assumed to be similar costs for each option.

Capital costs associated with deactivation, decontamination, and demolition at the end of a 5
year operating period are included.

Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design @ 10%
• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor is applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
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be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRF/CFF @ 27 months
• FC/RMF @ 32 months
• FC/CFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro-filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
In order to meet its throughput demands, RMF paired with FC requires 3 times as many RMF
units as when paired with IX-sRF and CSSX. Engineering cost for the FC/RMF option
calculated as a percentage of the total construction costs, including the additional RMF units,
was considered disproportionately inflated. Consequently, the engineering cost for the FC/RMF
option is calculated assuming the reduced number of RMF units as when paired with IX-sRF and
CSSX.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates,"
6/18/08

Assessment Summary: The combination of Cross-Flow Filtration for entrained solids removal
and Ion Exchange using spherical Resorcinol-Formaldehyde resin provides the lowest capital
costs, while the capital costs for the other combinations range as much as 50% higher (CSSX
paired with RMF).
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Project W-551 IPS Options
Class 4 Capital Cost Estimate Summary

IX-sRFI 54 120
CFF

IX-sRFI 59 130
RMF

C>
<: FCI 64 140
~ CFF

'"D..
<: FCI 75 160
0 RMF-ts CSSXI 82 180

CFF

CSSXI 87 190
RMF

0 50 100 150 200 250

Expected Accuracy Range -30% to +50% ($M)

Prepared by: w. E. Bryan Date: 6118108

Reviewed by: -"Pe,.",S",.S"'c"'ha"'u"'s'--- _ Date: 6/22/08
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Assessment Summary Form (5.1.2)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Life cycle costs - 5.1.2

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The life cycle costs include capital costs, operation and maintenance costs over a 5-year period,
and D&D costs. The estimates are based on take-offs from the equipment lists, layouts, and data
developed in RPP-RPT-3775l, Project W-551 Interim Pretreatment System Pre-conceptual
Candidate Technology Descriptions.

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. Capital costs associated with
deactivation, decontamination, and demolition at the end of a 5-year operating period are
included.

The operation and maintenance costs include specific work crews based on 24-7 operation over a
5-year period, the major chemicals and utility usage, planned equipment replacements, and any
incremental costs associated with a given technology required to satisfy the 5-year LAW
delivery mission.

The D&D costs include the site clean up costs.

The estimates are for comparison of options and are not complete project costs. Capital costs for
items such as control trailer, transformer, switchgear, motor control center, power transmission
lines, water supply lines, and sanitary waste removal have not been included, as they have been
assumed to be similar costs for each option. Costs for the development of procedures have not
been included, as they have been assumed to be similar costs for each option.

Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design (iiJ 10%
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• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor was applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRFICFF @ 27 months
• FC/RMF @ 32 months
• FCICFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
RMF paired with FC requires 3 times as many RMF units as when paired with IX-sRF and
CSSX. Engineering cost for the FC/RMF option calculated as a percentage of the total
construction costs, including the additional RMF units, was considered disproportionately
inflated. Consequently, the engineering cost for the FC/RMF option is calculated assuming the
reduced number ofRMF units as when paired with IX-sRF and CSSX.
The maximum capacity of the fuel oil heated steam supply system estimated for the two options
incorporating the fractional crystallization technology is driven by the high throughput
requirement of one of the original eight DST Tank waste streams. It is acknowledged that the
boiler will not operate and consume fuel at this maximum capacity during the total operating
time. Consequently, average annual fuel consumption has been incorporated into the estimate.
It is noted in RPP-RPT-37751 that the assumed design life of the rotary micro-filters is three
vears. Consequentlv, an out-year operating cost for replacement of the RMF units has been
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included in the fourth operating year in the estimates of the three options incorporating the rotary
microfiltration technology.

Costs for the following incremental Tank Farms waste transfers and SST retrievals are
incorporated into the operation estimates for the FC options, as additional Tank Farms waste
must be processed to satisfy the IPS requirement of delivering 1,175 MT Nalyr to WTP over 5
years.
• Sixteen (16) tank-to-tank transfers
• Two (2) SST retrievals
• Three (3) cross-site transfers

Estimates for the incremental transfers and retrievals associated with the FC options are derived
from the existing Tank Farms baseline. The "Interim Pretreatment Systems Options, 5 Year Life
Cycle Cost Estimates," 6/18/08, calculates add-on costs (e.g., escalation, productivity
adjustment, sales tax, contingency, etc.) against these activities. However, these add-on costs
associated with the incremental SST retrievals have been removed from the cost values depicted
in the life cycle summary charts and spreadsheet report.

Incremental operation of the 242-A Evaporator is required for the CSSX options. The "Interim
Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates," 6/18/08, does not include this
activity. Estimates for the incremental evaporator operation are derived from the existing Tank
Farms baseline and incorporated into the cost values depicted in the life cycle summary charts
and spreadsheet report. Add-on costs (e.g., escalation, productivity adjustment, sales tax,
contingency, etc.) are not applied to the incremental evaporator operation.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, Life Cycle Cost Estimates for 5-Year
Mission," 6/18/08

Assessment Summary: The combination of Cross-Flow Filtration for entrained solids removal
and Ion Exchange using spherical Resorcinol-Formaldehyde resin for Cs separation provides the
lowest life cycle costs for the IPS 5-year mission. Life-cycle costs for the five other
combinations of technologies for solids removal and Cs separation range upward to more than
50% higher (e.g., for CSSX/RMF when cost of further waste volume reduction using the 242-A
Evaporator is included and for the FC options when the incremental costs of waste transfers and
SST retrievals are included).
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Project W-551 IPS Options
Class 4 Life Cycle Cost Estimate Summary
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Expected Accuracy Range ($M)
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Prepared by: w. E. Bryan Date: 6118/08

Reviewed by: -,Pc.."S,,-."S"'cha""'u"-s _ Date: 6/22/08
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Assessment Summary Form (5.1.3)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF,
CSSX/RMF
Criteria: Programmatic Aspects - 5.0
Measure: Cost Impact - 5.1
Definition: Cost profile - 5.1.3

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The cost profiles present project year expenditures of the life cycle costs. The life cycle costs
include capital costs, operation and maintenance costs over a 5-year period, and D&D costs.
The estimates are based on take-offs from the equipment lists, layouts, and data developed in
RPP-RPT-37751, Project W-551 Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions.

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. Project year loading of the capital
expenditures follows the durations identified in the "Conditions" section. Capital costs
associated with deactivation, decontamination, and demolition at the end of a 5-year operating
period are included.

The operation and maintenance costs include specific work crews based on 24-7 operation over a
5-year period, the major chemicals and utility usage, planned equipment replacements, and any
incremental costs associated with a given technology required to satisfy the 5-year LAW
delivery mission. Project year loading of the operation and maintenance costs follows the
durations identified in the "Conditions" section.

The D&D costs include the site clean-up costs.

The estimates are for comparison of options and are not complete project costs. Capital costs for
items such as control trailer, transformer, switchgear, motor control center, power transmission
lines, water supply lines, and sanitary waste removal have not been included, as they have been
assumed to be similar costs for each option. Costs for the development of procedures have not
been included, as they have been assumed to be similar costs for each option.
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Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design @ 10%
• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor was applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRFICFF @ 27 months
• FC/RMF @ 32 months
• FCICFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

There has been no attempt at level loading the expenditures in the estimates.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro-filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
RMF paired with FC requires 3 times as many RMF units as when paired with IX-sRF and
CSSX. Engineering costs for the FC/RMF option calculated as a percentage of the total
construction costs, including the additional RMF units, were considered disproportionately
inflated. Consequently, the engineering costs for the FC/RMF option are calculated assuming
the reduced number ofRMF units as when paired with IX-sRF and CSSX.
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The maximum capacity of the fuel oil heated steam supply system estimated for the two options
incorporating the fractional crystallization technology is driven by the high throughput
requirement of one of the original eight DST Tank waste streams. It is acknowledged that the
boiler will not operate and consume fuel at this maximum capacity during the total operating
time. Consequently, average annual fuel consumption has been incorporated into the estimate.
It is noted in RPP-RPT-37751 that the assumed design life of the rotary micro-filters is three
years. Consequently, an out-year operating cost for replacement of the units has been included
in the fourth operating year in the estimates of the three options incorporating the rotary
microfiltration technology.

Costs for the following incremental Tank Farms waste transfers and SST retrievals for the FC
options are incorporated into the operation and maintenance estimates, as additional Tank Farms
waste must be processed to satisfY the 5-year LAW delivery mission.
• Sixteen (16) tank-to-tank transfers
• Two (2) SST retrievals
• Three (3) cross-site transfers

Estimates for the incremental transfers and retrievals associated with the FC options are derived
from the existing Tank Farms baseline. The "Interim Pretreatment Systems Options, 5 Year Life
Cycle Cost Estimates," 6/18/08, calculates add-on costs (e.g., escalation, productivity
adjustment, sales tax, contingency, etc.) against these activities. The add-on costs associated
with the incremental SST retrievals is removed from the cost values depicted in the cost profile
summary charts and spreadsheet report.

Incremental operation of the 242-A Evaporator is required for the CSSX options. The "Interim
Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates," 6/18/08, does not include this
activity. Estimates for the incremental evaporator operation are derived from the existing Tank
Farms baseline and incorporated into the cost values depicted in the cost profile summary charts
and spreadsheet report. Add-on costs (e.g., escalation, productivity adjustment, sales tax,
contingency, etc.) are not applied to the incremental evaporator operation.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, Cost Profiles for the 5-Year IPS
Mission," 6/18/08

Assessment Summary: See graphs below
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Project W-551 Base Life Cycle Cost Profile
Ion Exchange using spherical Resorcinol-Formaldehyde resin &

Crossflow Filtration
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Fractional Crystallization & Crossflow Filtration

(includes incremental transfers & SST retrievals)
(no mark-ups applied to SST retrievals)
(no expected accuracy range applied)

60-a50- I:IIPSSU&T
~- 40
~ I:IIPSD&D

.5- 30 _Tran sfer ops
W

W CRetrieval
~ 20
W [lIPS ops
~ C- c-al 10 M clPS Capital

...n-
O

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Project Year

Project W-551 Base Life Cycle Cost Profile
Fractional Crystallization & Rotary Microfiltration

(includes incremental transfers & SST retrievals)
(no mark-ups applied to SST retrievals)
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Caustic-Side Solvent Extraction & Crossflow Filtration

(includes incremental 242-A Evaporator runs)
(no mark-ups applied to evaporator runs)

(no expected accuracy range applied)
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Caustic-Side Solvent Extraction & Rotary Microfiltration
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Prepared by: w. E. Bryan

Reviewed by: -,Pc.,,,S,,-,"S"'chal!!!!U"-S _
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Assessment Summary Form (CFF-5.2.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Overall schedule (confidence) - 5.2.1

Assessment Scope: This assessment evaluates the impact ofthe Cross-flow Filtration (CFF) technology
on the overall implementation schedule duration for IPS, including its level of confidence.

Conditions: An estimate of overall schedule duration is comprised of 6 major activity elements - design
(3 phases), testing, permitting, safety and licensing, construction, and startup, 4 Critical Decision
milestones, and the expected Record of Decision milestone for the Tank Closure and Waste Management
Environmental Impact Statement. Based on the estimated durations for each ofthe 6 major activities, an
initial overall schedule for implementing CFF was drafted. This schedule was then modified to include
both optimistic «25% probability of on-time completion) and pessimistic (>75% probability of on-time
completion) durations so that a simplified Monte Carlo simulation could be performed. When these
estimates were compared with those for the Rotary Micro-filtration (RMF) system, they were deemed
sufficiently similar that it was decided to treat this IPS process as a generic filtration system, rather than
separately. This reduced the number of overall schedule assessments from 6 (one for each pair of Cs
separation and solids filtration technologies) to 3 (one for each Cs separation technology + generic
filtration).

I Other Considerations: None

References: See CSSX-5.2.1, FC-5.2.1, and SRF-5.2.1 for results and analyses ofthe overall
implementation schedule for each ofthe 3 candidate Cs separation technologies.

Attachments: Durations of Major IPS Activities (months)

Assessment Summary: The estimated durations for the two candidate filtration technologies were nearly
the same, so that it was decided to treat filtration generically for purposes ofthe evaluating the overall IPS
implementation schedule.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv"-'E"'rv=in"- _
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Durations ofMajor IPS Activities (Months)
Design. Testing. RCRA Safety & Construction Startup

Pennitting4 Licensing
CSSX+ 46 (12/16/18)' 38 32 Same 37 21
filtration' most durations as
probable' design'
CSSX+ 46 (12/16/18) 32 28 Same 33 17
filtration durations as
optimistic design
CSSX+ 53 (14/18/21) 48 33 Same 48 24
filtration durations as
pessimistic design
FC + filtration 46 (12/16/18) 38 32 Same 33 17
most probable durations as

design
FC + filtration 46 (12/16/18) 24 28 Same 31 14
optimistic durations as

design
FC + filtration 53 (14/18/21) 46 33 Same 40 20
pessimistic durations as

design
IX-SRF + 46 (12/16/18) 38 32 Same 27 14
filtration most durations as
probable design
IX-SRF + 46 (12/16/18) 36 28 Same 25 11
filtration durations as
optimistic design
IX-SRF + 53 (14/18/21) 48 33 Same 34 17
filtration durations as
pessimistic design
, Differences m schedule duratIOn mputs for the two filtratIOn technologies were mmor; therefore, genenc
filtration is included with each ofthe three Cs separations technologies
, Most probable ~ 50/50 of on time completion; optimistic < 25% probability of on time completion;
pessimistic> 75% probability of on time completion
3 (xx/yy/zz) are the estimated months to complete conceptual, preliminary, and detailed designs,
respectively
4 Optimistic/pessimistic durations were taken from TPA-approved pennitting schedule of activities
, Completion of Safety & Licensing activities is tied to and driven by infonnation corning out ofthe 3
design phases
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Assessment Summary Form (CFF-5.2.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Licensing - 5.2.2

Assessment Scope: This assessment evaluates the schedule impact ofthe Crossflow Filtration (CFF)
process on completion ofthe IPS safety analysis.

Conditions: The primary focus ofthe safety analysis for the CFF process will be the high axial flow rates
ofliquid waste through the filter housing and the operating pressures across the filter media. However,
the CFF has been successfully used at multiple DOE sites, including West Valley, Savannah River, and
Oak Ridge. Facility confinement to contain potential leaks will be appropriately provided for in its
design.

Other Considerations: The CFF process has been selected as the baseline filtration method for WTP.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2

Attachments: None

Assessment Summary: Because there is considerable experience with this filtration process at other DOE
sites and it has been extensively incorporated into the WTP design, the IPS schedule for completing its
safety analysis should not be impacted by the CFF process. Leak containment will be addressed during
design.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv"-'E"'rv=in"- _
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Assessment Summary Form (CFF-5.2.3)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Permitting - 5.2.3

Assessment Scope: This assessment evaluates the schedule impact ofthe cross-flow filtration (CFF)
process for completing the environmental permitting.

Conditions: The key events in assessing whether there will be a schedule impact from CFF is the
completion ofthe Tank Closure and Waste Management (TC&WM) Environmental Impact Statement
(expected 12/2009) and issuance of its Record of Decision (expected 1/2010). Based on the ROD, an
evaluation ofthe RMF technology will need to be performed to determine whether it is adequately
covered or additional NEPA coverage is required (e.g., Environmental Assessment).
Once the NEPA process is completed, the draft RCRA permit can be issued for public review and
comment by the regulatory agency. In accordance with the Tri-Party Agreement, the overall schedule for
the permitting process is 32 months. The RCRA Part B permit must be approved before IPS construction
can start.
Because CFF is a preliminary process step that does not generate waste streams requiring disposal, it is
unlikely that this technology will cause any significant delays in the RCRA Part B permitting process.

Other Considerations: In the event that completion ofthe TC&WM-EIS is significantly delayed beyond
its expected completion date of 12/2009, an alternate NEPA option may be required, e.g., an Interim
Action Environmental Assessment.
In the past, the Washington State Department ofEcology has shown a willingness to accelerate the
permitting schedule, particularly when the resulting permit allows waste treatment and/or disposal to
proceed.

References: Tank Closure & Waste Management EIS, draft; RCRA Part B permit application; Tri-Party
Agreement

Attachments: None

Assessment Summary: In accordance with the Tri-Party Agreement, the RCRA Part B permitting
process requires 28 - 33 months to complete. Assuming that the TC&WM-EIS is issued in 12/2009 as
expected, permitting of the CFF does not appear to impact IPS start of construction.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL-'E"'rv'-"'in"--- _
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Assessment Summary Form (CFF-5.2.4)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Schedule Impact - 5.2
D&D - 5.2.4

Assessment Scope: This assessment evaluates the schedule impact ofthe Cross-Flow Filtration (CFF)
equipment on completion ofthe D&D ofthe IPS facility.

Conditions: The CFF equipment will be installed in the IPS facility. Appropriate considerations for
accommodating its eventual D&D will be included during IPS design.

Other Considerations: The eventual removal and D&D ofthe CFF equipment will be completed
sometime after the completion ofthe IPS mission.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2

Attachments:

Assessment Summary: Considerations for the eventual D&D ofthe CFF equipment will be
accommodated during the IPS design. It is anticipated that D&D will have negligible impact on the IPS
schedule.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'-"'in"--- _
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Assessment Summary Form (CFF-5.3.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
DST Space - 5.3
How fast DST space is made available - 5.3.1

Assessment Scope: This assessment evaluates the net rate at which double-shell tank (DST) space will
be made available as a result ofthe cross-flow filtration (CFF) process.

Conditions: As shown by the process flow sheets, the net rate at which DST space will become available
is determined by the rate at which Cs is separated from the waste, not the rate at which solids are filtered
from the waste feed (see Assessment Summary Forms SRF-PROG-3.1, CSSX-PROG-3.1, FC-PROG-3.1
for detailed estimates of rates).

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2

Attachments: None

Assessment Summary: The net rate at which DST space will become available is not a function ofthe
rate at which solids are filtered from the waste feed.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'-"'in"--- _
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Assessment Summary Form (CFF-5.3.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
DST Space - 5.3
Amount ofDST space - 5.3.2

Assessment Scope: This assessment evaluates the impact ofthe solids removed by the cross-flow
filtration (CFF) process on DST space.

Conditions: While the actual concentration of suspended solids in the 8 candidate tanks is thought to be
much less, for flow sheet planning purposes it has been assumed that these wastes on average contain 0.5
w/o solids. It is further assumed that the CFF process removes essentially all ofthe suspended solids, and
that these solids would be concentrated to the waste transfer limit of20 wt %. Assuming that the density
ofthe suspended solids is 1.4 glee and given that the total volume of waste in the 8 candidate tanks is
slightly more than 9 million gallons, this will result in ~200,000 gallons of suspended solids at 20 wt %
being stored in the AP-104 feed tank after the waste from all 8 tanks has been processed in IPS.

Other Considerations: The estimate ofDST space required to store the filtered solids is thought to be a
very conservative bounding case, because ofthe estimate used for weight percent of suspended solids.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A

Attachments: None

Assessment Summary: It is estimated that (worst case) the CFF process will generate ~200 kgal of
suspended solids at the waste transfer limit of 20 wt %.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL2E"'rv!..!.lin"-- _
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Assessment Summary Form (CFF-5.4.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Production rate impact - 5.4.1

Assessment Scope: This assessment evaluates whether Cross-Flow Filtration (CFF) has any impact on
the production rates of WTP and/or Supplemental Treatment.

Conditions: CFF is a preliminary processing step in the IPS. As a result, it has no impact on the
production rates of either WTP or Supplemental Treatment.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2

Attachments: None

Assessment Summary: No impact to WTP or Supplemental Treatment production rates.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'-"'in"--- _
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Assessment Summary Form (CFF-5.4.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
Mission duration - 5.4.2

Assessment Scope: This assessment evaluates whether Cross-Flow Filtration (CFF) has any impact on
the WTP LAW treatment mission duration.

Conditions: CFF is a preliminary processing step in the IPS. As a result, it has no impact on the WTP
LAW treatment mission duration.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2

Attachments: None

Assessment Summary: No impact to WTP LAW treatment mission duration.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv'"'-'E"'rv'-'-"in"--- _
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Assessment Summary Form (CFF-5.4.3)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Number of high and low level packages - 5.4.3

Assessment Scope: This assessment evaluates whether Cross-Flow Filtration (CFF) has any impact on
the number ofhigh- and low-level packages produced.

Conditions: CFF is a preliminary processing step in the IPS. As a result, it has no direct impact on the
number of high- and low-level packages produced.

Other Considerations: The 20 wt % solids stream (based on maximum solids concentration for waste
transfers) that is created by CFF and returned to AP-104 will eventually be transferred to WTP and the
solids will be vitrified as IHLW following pretreatment.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2

Attachments: None

Assessment Summary: No direct impact the number of high- and low-level packages produced.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv'"-'E"'rv'-"Cin"-- _
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Assessment Summary Form (CFF-5.4.4)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
Lessons Learned benefits for WTP pretreatment - 5.4.4

Assessment Scope: This assessment evaluates whether Cross-Flow Filtration (CFF) provides any lessons
learned benefits for WTP Pretreatment.

Conditions: CFF has been selected as the baseline filtration technology for WTP Pretreatment. The
operation and maintenance ofthe CFF equipment in IPS will provide valuable data and experience for the
startup and operation/maintenance of similar equipment in WTP, as well as for long-term processing
capability.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2

Attachments: None

Assessment Summary: Lessons learned from operations and maintenance of CFF equipment in IPS will
benefit WTP, both in its near-term startup phase and for its long-term processing capability.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'-"'in"--- _
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Assessment Summary Form (CFF-5.4.5)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Teclrnology transfer to WTP - 5.4.5

Assessment Scope: This assessment evaluates whether Cross-Flow Filtration (CFF) will potentially
provide transfer of teclrnology to WTP.

Conditions: Because CFF has already been selected as the baseline filtration technology for WTP
Pretreatment, no technology transfer to WTP will occur.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Teclrnology
Descriptions", Rev. 0

Attachments: None

Assessment Summary: Baseline filtration teclrnology for WTP - no teclrnology transfer

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'-"'in"--- _
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Assessment Summary Form (CFF-5.4.6)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
ALARA - 5.4.6

Assessment Scope: This assessment evaluates how much Cross-Flow Filtration (CFF) will impact
ALARA in WTP's ILAW facility or in Supplemental Treatment.

Conditions: The primary source of radioactivity in the supernatant liquids is Cs. Therefore, removal of
the suspended solids by CFF will not significantly reduce the radioactivity ofthe Cs-depleted supernatant
being sent to WTP or Supplemental Treatment. The filtered solids will eventually impact WTP when
they are transferred to WTP's Pretreatment facility. However, the amount of radioactivity that is present
in the filtered solids has not been estimated in the mass balance spreadsheets, so its eventual impact to
WTP cannot be quantified at this time.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2

Attachments: None

Assessment Summary: CFF has no immediate impact on ALARA in WTP; its eventual impact cannot be
estimated at this time.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL2E"'rv!..!.lin"-- _
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Assessment Summary Form (CFF- 5.4.7)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Diversity oftechnology - 5.4.7

Assessment Scope: This assessment evaluates whether Cross-Flow Filtration (CFF) provides any
opportunities for diversifYing WTP's technology portfolio.

Conditions: CFF has been selected as the baseline filtration technology for WTP Pretreatment.
Therefore, the use ofCFF in IPS does not initially provide an opportunity for diversifYing WTP's
technology portfolio. However, in the event that significant problems are encountered with CFF during
IPS operations, WTP could explore alternative filtration technologies prior to its start up, if deemed
necessary.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2

Attachments: None

Assessment Summary: The use of CFF in IPS does not provide an opportunity for diversifYing WTP's
technology portfolio, unless significant problems with it are encountered during IPS operations.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv"-'E"'rv=in"- _
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Assessment Summary Form (CFF-5.4.8)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Positive programmatic impacts and opportunties - 5.4.8

Assessment Scope: This assessment evaluates whether Crossflow Filtration (CFF) provides any positive
programmatic impacts and opportunities to WTP and Supplemental Treatment. Programmatic
considerations will focus on the potential to reduce costs, accelerate schedules, and mitigate
programmatic risks or uncertainties to the WTP and Supplemental Treatment projects.

Conditions: Deployment of CFF technology in IPS will provide opportunities to reduce some ofthe costs
that the WTP Program would otherwise have spend on its development. For example, full-scale use of
CFF in IPS will provide performance data on this technology that WTP would otherwise obtain through
its pilot-scale testing program. Furthermore, the IPS experience will be with radioactive wastes, rather
than cold simulants, so that technical uncertainties about CFF performance are significantly reduced.
The experience gained from the use of CFF in IPS will also reduce the uncertainty in WTP's cost
estimates for operation and maintenance ofthis system, and may even allow some acceleration in WTP's
startup schedule for its Pretreatment facility.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2

Attachments: None

Assessment Summary: Deployment of CFF in IPS has the potential to positively impact the WTP Project
through shared development costs, reduced cost uncertainties for operation and maintenance, reduced
uncertainty in startup schedules, and reduced technical risk.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv"-'E"'rv=in"- _
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Assessment Summary Form (CFF-5.5.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Analytical equipment, methods, and capacity - 5.5.1

Assessment Scope: This assessment evaluates the impacts ofthe cross-flow filtration (CFF) on the
analytical services (equipment, methods, capacity) available at the Hanford site, e.g., WTP's analytical
laboratory, 222-S Analytical Laboratory.

Conditions: The process description for CFF was reviewed to determine what, if any, analytical services
would be required to support this process, including analysis the resulting filtered liquid (filtrate) being
transferred to the Cs separation process, and the concentrated solids being transferred back to the DSTs.
The number and type of samples (for process control, feed certification and compliance) are not currently
defined. Therefore, no estimate ofthe impact ofthe CFF technology on the analytical equipment,
methods and capacity can be made at this time.

Other Considerations: The total turnaround times typically required for sampling, sampling transport,
and analyses will also need to be evaluated in order to ensure the adequacy of the IPS lag storage
capacity.
Per HNF-SD-WM-OCD-015, waste transfers to the DSTs cannot exceed 20 wlo concentrated solids.

References: (RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Rev. 0)

HNF-SD-WM-OCD-015, "Tank Farms Waste Transfer Compatibility Program"

Attachments: None

Assessment Summary: The number and types of samples (for process control, feed certification and
compliance) are not currently defined. Therefore, no estimate ofthe impact ofthe IX-SRF technology on
the analytical equipment, methods and capacity can be made at this time. The amount oflag storage may
need to be adjusted to accommodate the typical turnaround times for sampling and analysis.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'-'--"in"--- _
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Assessment Summary Form (CFF-5.5.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Compliance to ETF WAC - 5.5.2

Assessment Scope: This assessment evaluates whether there are any liquid effluents generated by the
Cross-flow Filtration (CFF) process that will be disposed directly to the Effluent Treatment Facility
(ETF), and if so, whether those liquid effluents meet the ETF's Waste Acceptance Criteria (WAC).

Conditions: A review ofthe process flow diagram for CFF showed that there are no process condensates
generated by this process requiring direct disposal to ETF.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A

Attachments: None

Assessment Summary: Because it generates no liquid effluents, the cross-flow filtration process has no
direct impact on the Effluent Treatment Facility.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv'"-'E"'rv'-"Cin"-- _
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Assessment Summary Form (CFF-5.5.3)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects
Impacts to other facilities (5.5)
ALARA (5.5.3)

Assessment Scope: This assessment evaluates whether the principle of ALARA (As Low As Reasonably
Achievable) will be impacted by the Cross-Flow Filtration (CFF) process with respect to support facilities
such as the will be the Effluent Treatment Facility (ETF), the 242-A Evaporator, and the analytical
laboratories.

Conditions: Because CFF is being incorporated into a new facility for IPS, the ALARA principle will be
actively addressed during the facility and process design to ensure that Waste Acceptance Criteria for
supporting facilities are met, less hazardousiless toxic materials are used wherever possible, sampling and
analysis requirements at the analytical laboratories are minimized, etc.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2

Attachments:

Assessment Summary: Because CFF is being included as part ofthe new IPS facility, ALARA will be
more easily incorporated into its process design.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv""-'E"'rv...,..in"- _
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Assessment Summary Form (CFF-5.5.4)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Number of Evaporator campaigns - 5.5.4

Assessment Scope: This assessment evaluates the impacts ofthe cross-flow filtration (CFF) process on
the 242-A Evaporator facility.

Conditions: The CFF process description was reviewed to determine how much, if any, liquid waste
requiring evaporative volume reduction will be generated by this process. The CFF process requires "a
pressurized back-pulse vesseL .. to periodically clean the cross-flow filter elements with filtrate to
minimize solids accumulation and fouling offilter membrane. Chemical cleaning ofthe filter with sodium
hydroxide may also be used to remove deep fouling from the filter tubes. The cleaning fluids are
collected in the filter feed vessel" (i.e., in AP-I04). Based on the recommended frequency of cleaning
and the estimated volume of cleaning liquid required and assuming 5 years of operation for IPS, it has
been estimated that a total of 15k gallons ofO.1M NaOH and 2.5K gallons of 2M nitric acid would be
required if CFF were used with either CSSX or IX-SRF. When used with the FC process, a total of 45K
gallons of O.IM NaOH and 7.5K gallons of 2M nitric acid would be required). These relatively small
volumes of waste will be neutralized and transferred back to the feed tank (AP-I04), but eventually will
become part ofthe waste stream being transferred into the DST system. However, no waste streams from
the CFF are sent directlv to the 242-A Evaporator.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.2.8

Attachments: None

Assessment Summary: Because it generates no waste streams that are directly transferred to the DST
system, the CFF process has no direct impact on the 242-A Evaporator facility.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL-'E"'rv'-"Cin"-- _
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Assessment Summary Form (CFF-5.6.1)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Resources and materials - 5.6
Availablility of Key Skills, Critical Materials, Qualified Vendors - 5.6.1

Assessment Scope: IdentifY major required resources such as professional (engineering and
technological), construction and operation support personnel, required key components and chemical and
assess availability ofthese items for the project on a regular as well as emergency need basis. Review
and identifY vendors (multiple is better than a single source vendor). IdentifY any major lead time or
material and its availability impacts.

Conditions: A table of all major resources was developed and is attached with this form. Engineering
and construction forces are going to be in a critical need at Hanford due to on going WTP construction
and overall U. S. Market conditions. Cross-flow filter (CFF) assembly can be fabricated by many
vendors. No specific vendor related issue exists. WTP cross-flow filtration experience should help.
Simulant testing will be required with support from Hanford technology personnel. Cross flow system
requires much higher capacity 1000-3000 gpm recirculation pump.

References: None.

Attachments: See attached Table, Resource Assessment

Assessment Summary: The CFF system can be provided by multiple ofvendors and WTP experience
and knowledgeable resources would be beneficial in implementation for IPS facility. IPS specific testing
will be required. No difficulty is anticipated in obtaining right quality ofvendors. Large capacity
recirculation pump is needed but it can be procured commercially.

Prepared by: Kishor Shah

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Description Rotarv Micro Filtration Crossflow Filtration
Key Skills:

Engineering forces Overall general concern for Overall general concern for
availability of engineering forces availability of engineering forces
due to market conditions and due to market conditions and
existing work at Hanford. existing work at Hanford.

Teclrnology Development Test facilities and simulant Test facilities and simulant
resources definition to support technology definition to support teclrnology

development. Vendor has development. WTP has
limited capability for radiation experienced for this teclrnology
type development development and support.

Construction Forces Competing with WTP forces at Competing with WTP forces at
the Hanford Site the Hanford Site

Laboratory Needs Will need Hanford Specific WTP has developed the
demonstration facilitv technology

Critical Material:
Special Material!equipment Need sintered metal disks Need sintered metal tubes
Material Suppliers Multiple suppliers of single disks Multiple suppliers of metal tubes
Fabrication So far fabrication has been Potential multiple fabricators

demonstrated by joint forces of
WSRC and SpinTek, a sole
source company

Ouantitv ofmaterial No maior large auantitv impact No maior large auantitv impact
Qualified Vendors

Suppliers Quality of a single supplier is Many suppliers are available, but
unknown. N-stamp capability is N-stamp capability is unknown.
unknown.

Vendor Support Significant vendor support will General vendor support will be
be required to modify rotary needed.
micro-filters for Hanford
application.

Stability of Critical Pricing
Engineering forces Overall pricing may be higher Overall pricing may be higher

due to limited resources and due to limited resources and
competition competition

Equipment Due to limited application, costs No major difficulty in the
may be higher, but ca be procurement
accommodated with a proper
planning and higher spare items
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Assessment Summary Form (CFF-5.6.2)

Technology:
Criteria:
Measure:
Definition:

Crossflow Filtration
Programmatic Aspects - 5.0
Resources and materials - 5.6
Stability of Critical Resource Pricing - 5.6.2

Assessment Scope: Review previously identified critical resources (such as professional skilled
personnel, chemicals, specific raw materials, etc.) against current and potentially future pricing. Review
competition for these resources within Hanford and general market. IdentifY any shortfall or abnormal
condition requirin!! a soecial attention or miti!!ation.

Conditions: In our engineering judgment, engineering and technological resources are going to be hard to
find at certain times in the future due to competitive activities in the market. Since this cross-flow
filtration (CFF) system does not require any special type of exotic or hard to obtain material, overall
pricing bounds can be established using standard cost estimating practices. Difficulty in getting vendors
qualified for N-stamo fabrication mav imoact resource oricin!!.

References: Engineering Judgment

Attachments: None.

Assessment Summary: For the CFF system, no special material resource pricing issue was found.
Engineering critical resources are scarce and N-stamp qualified fabricators are scarce or unavailable.
This may impact overall implementation approach.

Prepared by: Kishor Shah

Reviewed by: -,P~...cS,,-."'S"'ch"'a"'u"'s'--- _

114

Date: May 22,2008

Date: 5/26/08



ATTACHMENT C

Rotary lVIicro-Filtration Assessment Forms
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Assessment Summary Form (RMF-1 .1. 1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Safety - 1.0
Process Safety - 1.1
Quantity ofmaterial at risk (MAR) - radiological and chemical- 1.1.1

Assessment Scope: Evaluate the quantity of radiological material at risk (MAR), which is the
amount of radionuclides (in grams or curies of activity for each radionuclide) available to be
acted on by a given physical stress, and the quantity of chemical MAR.

Conditions: The rotary microfilter (RMF) unit with feed pumps is housed in a module that is
inserted through an existing riser on an existing DST. LAW feed solution contained within the
DST is transferred through the RMF units. The clarified LAW supernatant is transferred to the
cesium separation process, while the solids concentrate is discharged back into the DST. This
configuration exposes the RMF unit to the full source term ofthe DST on the microfilter
suction, while retuming a concentrate to the DST that is dependent on the filtration process
efficiency.
The MAR for RMF is high level radioactive liquid waste, hazardous materials evolved from
radioactive waste, and non-radioactive toxic materials.

Other Considerations: There is no relative change to the chemical MAR due to this technology.

References:
1. IPS Feed Datasheet (Excel spreadsheet)
2. Mass Balance for CSSX, FC, IX

Attachments: Table 1 - Activity Concentration at RMF Unit Inlet

Assessment Summary: The quantity of radiological material at risk in the RMF unit is
relatively unaffected by the cesium separation technology that is being supplied.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Table 1 - Activity Concentration (Ci/L) at Rotary Microfiltration Unit Inlet

Radionuclide 241-AP-104
241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP-

241-AN-104
102 101 103 105 108 107

Ru-I06 5.71E-12 3.50E-12 4.55E-06 5A4E-12 3.17E-07 3.29E-II IA3E-05 l.73E-1O
Cd-113m 309E-05 2.30E-05 3.66E-05 302E-05 2.78E-05 6AIE-05 4. I 8E-05 --

Sb-125 7.84E-06 6.90E-06 l.OOE-04 8.88E-06 I AIE-05 2.30E-05 2.96E-04 3.68E-07
Sn-126 IA3E-06 9.17E-07 l.54E-06 l.29E-06 1.14E-06 2.65E-06 l.31E-06 2.76E-07
1-129 U9E-07 307E-07 UIE-07 3.25E-07 2.67E-07 3.35E-07 IA8E-07 8.54E-08
Cs-134 2.15E-06 l.78E-07 4.89E-05 1.13E-06 3.51E-06 4.99E-06 IA5E-04 l.02E-06
Cs-137 l.92E-OI 2AIE-OI 309E-OI 2AOE-OI 2.73E-OI 2.90E-OI 6.30E-OI l.89E-OI
Ba-137m l.81E-OI 2.27E-OI 2.92E-OI 2.27E-OI 2.58E-OI 2.73E-OI 5.94E-OI l.78E-OI
C-14 I AIE-06 2.72E-06 4.32E-06 6.53E-06 2.54E-06 3.54E-06 3AIE-06 204E-06
Sm-151 6. 81E-03 4.52E-03 7.30E-03 6.34E-03 5.56E-03 l.31E-02 6.68E-03 l.OOE-09
Eu-152 l.51E-06 l.lOE-06 2. I 8E-06 l.51E-06 l.31E-06 307E-06 3.25E-06 6.80E-14
Eu-154 799E-06 3.12E-05 2.26E-05 IA2E-05 4.73E-05 2.12E-05 3.55E-05 3.21E-12
Eu-155 200E-05 U6E-05 385E-05 l.87E-05 4.17E-05 2.28E-05 6.IIE-05 l.23E-12
Ra-226 8.88E-II 5.70E-II 8.72E-II 8.67E-II 7.28E-II l.72E-1O 8.18E-II 8.89E-13
Ac-227 IA2E-09 9.12E-1O l.61E-09 9.85E-1O 8.89E-1O 202E-09 8.74E-1O 6.36E-16
Ra-228 l.87E-08 7.55E-08 l.92E-08 3.51E-08 5.IOE-08 l.17E-07 2.IOE-08 2.52E-1O
Th-229 l.21E-09 2A8E-09 9.89E-1O 207E-09 2.32E-09 709E-09 1.18E-09 l.17E-12
Pa-23 I 6.89E-09 l.58E-09 9.26E-09 2.27E-09 202E-09 4.64E-09 2.37E-09 8.34E-09
Th-232 7.79E-1O l.lOE-08 l.84E-09 7.14E-09 2.34E-09 4.83E-09 l.86E-09 4.23E-12
U-232 3.20E-09 6.37E-09 IA8E-09 3A6E-09 l.28E-09 5.22E-09 l.03E-09 8.20E-II
U-233 2.23E-08 2.70E-08 l.90E-08 IA7E-08 5.64E-09 2.17E-08 IA9E-08 5.02E-09
U-234 l.21E-08 5.00E-09 l.30E-08 l.06E-08 l.88E-09 l.51E-08 l.21E-08 3.57E-09
U-235 4.66E-1O l.98E-1O 4.8IE-1O 4.52E-1O 7.64E-II 5.90E-1O 4.9IE-1O I AIE-1O
U-236 5A8E-1O l.6IE-1O 7AIE-1O 297E-1O 6.75E-II 9A4E-1O 5.77E-1O 2AIE-1O
No-237 5.11E-08 4.75E-07 2.28E-07 5.06E-08 5.17E-07 7.15E-08 l.98E-07 706E-09
Pu-238 l.26E-07 807E-09 I AOE-07 l.94E-07 IA9E-08 3A8E-08 3.97E-07 3.87E-09
U-238 l.02E-08 4A5E-09 9.75E-09 l.08E-08 l.68E-09 l.17E-08 l.03E-08 2.80E-09
Pu-239 6.59E-07 3.IOE-07 l.94E-06 I AIE-06 2.92E-07 5.61E-07 4.30E-06 5.33E-08
Pu-240 1.12E-07 5.25E-08 4.54E-07 2.38E-07 5.82E-08 l.07E-07 1.15E-06 l.39E-08
Am-241 203E-06 U4E-06 6AOE-07 6.93E-06 2.19E-06 2.65E-06 7.52E-07 8.8IE-07
Pu-241 7.61E-07 3.72E-07 9.38E-06 l.72E-06 8.70E-07 l.35E-06 2.80E-05 2A4E-07
Cm-242 7A2E-09 5.60E-09 l.07E-09 2.26E-08 8.59E-09 7.99E-09 9.26E-1O U5E-09
Pu-242 6.50E-12 3.20E-12 4.61E-11 l.53E-II 5.27E-12 l.OIE-11 l.35E-1O IA7E-12
Am-243 8AOE-II 6.37E-II 4.53E-II 2.57E-1O 8.3IE-II l.02E-1O l.28E-1O 5.90E-1O
Cm-243 2AIE-08 7.17E-1O IA2E-09 l.59E-08 IA4E-09 U6E-09 5.33E-1O 9.64E-II
Cm-244 5.65E-07 l.04E-08 3.18E-08 3A9E-07 2A8E-08 2.96E-08 1.16E-08 2.28E-09
H-3 IA3E-06 l.08E-05 4.29E-05 3. 13E-05 7A8E-06 U6E-05 4.15E-05 3A7E-06
Ni-59 1.13E-06 3.12E-07 l.37E-06 5.06E-07 3.22E-07 l.59E-06 7.74E-07 304E-08
Co-60 6.63E-06 3.75E-06 5.88E-06 9.63E-06 7.33E-06 5.64E-06 9.14E-06 609E-08
Ni-63 l.04E-04 2.90E-05 l.26E-04 4.69E-05 2.98E-05 l.31E-04 7. 13E-05 2.81E-06
Se-79 707E-07 l.72E-06 7.69E-07 l.29E-06 2.21E-06 l.77E-06 8.80E-07 5.67E-07
Sr-90 l.39E-03 3.87E-04 9.IIE-04 2.16E-03 l.82E-03 IA3E-03 U5E-03 7. I 8E-04
Y-90 l.39E-03 3.87E-04 9.IIE-04 2.16E-03 l.82E-03 IA3E-03 U5E-03 7. I 8E-04
Nb-93m 9.72E-06 7.32E-06 IA7E-05 6.88E-06 5.90E-06 l.55E-05 l.61E-05 2.22E-06
Zr-93 1.16E-05 8.50E-06 l.91E-05 8.36E-06 6.56E-06 l.85E-05 2A3E-05 l.54E-06
Tc-99 l.66E-04 l.63E-04 l.65E-04 2.21E-04 2.26E-04 2.16E-04 203E-04 I AIE-04

Note: the maximum activity concentration of 1.24 Ci/L (total) was recorded for tank 241-AP-I07.
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Assessment Summary Form (RMF-1.1.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Safety - 1.0
Process Safety - 1.1
Concentration of radiological and chemical MAR - 1.1.2

Assessment Scope: Evaluate the concentration of radiological (unit liter dose) and chemical
(unit sum offractions) material at risk (MAR), which is the amount of material available to be
acted on by a given physical stress.

Conditions: The rotary micro-filter unit (RMF) with feed pumps is housed in a module that is
inserted through an existing riser on an existing DST. LAW feed solution contained within the
DST is transferred through the RMF unit. The clarified LAW supernatant is transferred to the
cesium separation process while the solid concentrate is discharged back into the DST.
Radiological MAR concentration was evaluated for the concentrate returned to the DST and the
clarified LAW supernatant.

Other Considerations: There is no relative change to the chemical MAR due to this technology.

References: None

Attachments: Table 1 - Radiological MAR concentration for the RMF unit

Assessment Summary: Based on CH2M HILL input both technologies do not affect the
concentration of MAR, because the entrained solid have not been quantified. However
even if entrained solid were characterized both technologies would have the same affect
on the concentration of MAR. Temporary Emergency Exposure Limits (TEELs) were
used for the short-term chemical concentration limits; specifically consideration was
given to TEEL-3 values. Both technologies have similar sum of fractions values for the
chemical MAR as in tank farm waste.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Radiological material at risk (MAR) was evaluated for the concentrate returned to the DSTs and the
clarified LAW supernatant transferred to the cesium separation process, as shown in the very simplified
sketch below.

Concentrate (returned to

Waste Feed

D8T)

Filter,
Clarified LAW Supernatant

(Filtrate)

Tabular representation ofthe calculated radiological material at risk is given in Table for each ofthe
cesium separation processes. The values provided are the total unit liter doses (Sv/L) for the separation
processes.

Table 1- Radiological Material at Risk Concentration (Sv/L) for Rotary Micro-filter Unit

Tank
CSSX FC IX
Concentrate Filtrate Concentrate Filtrate Concentrate Filtrate

AN-I04 48.7 48.7 48.7 48.7 48.7 48.7
AP-I0l 82.8 82.8 82.8 82.8 82.8 82.8
AP-I02 63.2 63.2 63.2 63.2 63.2 63.2
AP-I03 72.4 72.4 72.4 72.4 72.4 72.4
AP-I04 53.6 53.6 53.6 53.6 53.6 53.6
AP-I05 73.5 73.5 73.5 73.5 73.5 73.5
AP-I07 167.7 167.7 167.7 167.7 167.7 167.7
AP-I08 56.4 56.4 56.4 56.4 56.4 56.4

[Temporary Emergency Exposure Limits (TEELs) were used for the short-term chemical concentration
limits; specifically, consideration was given to TEEL-3 values. The TEEL is the maximum concentration
in air below which it is believed nearly all individuals could be exposed without experiencing or
developing life-threatening health effects].

This technology has similar sum ofthe fractions values as the MAR is tank farm waste.
C

Sum of fractions = L '
, TEEL,
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Assessment Summary Form (RMF-1.1.3)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Safety - 1.0
Process Safety - 1.1
Dispersability of the MAR - 1.1.3

Assessment Scope: The scope ofthe assessment is determination ofthe dispersability of
radiological and chemical material at risk (MAR) with particular attention given to the physical
form ofthe MAR.

Conditions: The proposed rotary micro-filter (RMF) unit with feed pumps is housed in a
module that is inserted through an existing riser on an existing DST. LAW feed solution
contained within the DST is transferred through the RMF unit. The clarified LAW supernatant
is transferred to the cesium separation process while the solid concentrate is discharged back
into the DST. The MAR remains in an aqueous state as a supply to the RMF unit and as
clarified LAW supernatant leaving the filter.

Other Considerations: Ifthe solid concentrate returned to the DST is discharged in the head
space ofthe DST it is possible that the dispersible form ofthe MAR could change from an
aqueous state to an aerosol. This depends on the engineered configuration and the height of
discharge above tank contents.

I

References: None

Attachments: None

Assessment Summary: The dispersible form ofthe MAR in the RMF is liquid with the
potential to become an aerosol under certain circumstances. Engineered features can be
implemented to prevent creation of an aerosol, however.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Assessment Summary Form (RMF-1.1.4)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Safety -1.0
Process Safety - 1.1
Dispersive energy - 1.1.4

Assessment Scope: The scope ofthis assessment is focused on evaluating the dispersive energy
inherent in process parameters (e.g., heat, off gassing, pressure). Focus will be placed on
interally initiated events and process-initiated events only. Consideration may be given to
parametric factors such as temperature, flow rate, pressure, kinetic energy, etc.

Conditions: The rotary micro-filter (RMF) unit with feed pumps is housed in a module that is
inserted through an existing riser on an existing DST. LAW feed solution contained within the
DST is transferred through the RMF unit. The clarified LAW supernatant is transferred to the
cesium separation process while the solid concentrate is discharged back into the DST.
Rotational kinetic energy is supplied by the action ofthe rotating filter plates in the RMF
housing. Dispersive energy is limited to leaks and ruptures resulting in a spray or spill hazard
scenario. The system pressure is similar to routine tank transfers and the disk rotate above
1000rpm but the disks have onlv a 5 inch radius.

Other Considerations: None

I

References: None

Attachments: None

Assessment Summary: Dispersive energy is minimal due to the construction ofthe RMF unit
and the low flow. The motive force for dispersion of MAR is supplied by the rotational kinetic
energy ofthe rotating sintered metal disks that provide the method of filtration.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Assessment Summary Form (RMF-1.1.5)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Safety - 1.0
Process Safety - 1.1
Process Stability - 1.1.5

Assessment Scope:

The scope ofthe assessment includes evaluation ofthe inherent process stability including the
proposed process control system, method of shutdown, and ease of shutdown. Rapid response
to a safe shut down configuration is the desired end state.

Conditions: The RMF process operates under pressurized conditions (40 psi for the filtration)
and at normal tank temperatures (~40C). The rapid shut down is accomplished by shutting of
the feed pump. The low hold up ofthe RMF should not create any problems. The preferred
shut down should include flushing ofthe filter housing to return solids to the tank. This
solid/liquid separation step has very little inventory and shutting off the power and a quick flush
should put them in a safe configuration.

I R</.,=", Noo<

Attachments: None

Assessment Summary: The RMF can be shut down quickly; a long term shutdown should
include flushing ofthe housing.

Prepared by: GaIT Dunford

Reviewedby:~P~.~S~.~S~ch~a~u~s~ ___
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Assessment Summary Form (RMF-1.1.6)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Safety - 1.0
Process Safety - 1.1
Process that does not create a new or exacerbate an existing Tank Farm hazard is
preferred to one that does - 1.1.6

Assessment Scope: Evaluate potential accident initiators. Objectively, it is desired to demonstrate that
the technology does not create a new or exacerbate an existing Tank Farm hazard.

Conditions: The proposed technology was reviewed against the candidate accident scenarios and
underlying hazard evaluations (see the attachment).

Above ground structure failure: performing maintenance on RMF equipment creates a potential to drop
equipment that subsequently both damages the component or another system component and results in a
radioactive release.

Mixing of incompatible materials: RMF is expected to use nitic acid during non-routine flushes.
Introduction of such incompatible materials with tank waste could exacerbate the existing Tank Farms
hazards.

Other Considerations: The RMF units are small and not expected to impact dome loading.

References: RPP-13033, Tank Farm Documented Safety Analysis

Attachments: Table 1 - Evaluation ofImpacts on Tank Farms Hazards

Assessment Summary: The rotary micro-filter unit has the potential to impact hazards that would
exacerbate two ofthe representative candidate accident scenarios.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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The Tank Farms documented safety analysis (DSA) discusses the selection of representative accident
scenarios for hazard evaluation. Potential hazardous conditions were collected into candidate accident
groups sharing similar accident phenomenology. With the candidate accident scenarios defined, accident
scenarios were developed representative ofthe characteristics of each candidate accident phenomena.
Reevaluation ofthe scenarios was performed, subsequent to development, to determine if each candidate
accident was unique for all other candidate accidents. Candidate accidents were then combined to form
the final set of representative accidents.

Candidate accidents that were grouped into a representative accident and a brief description ofthe hazard
associated with each include:

• Flammable gas accidents: includes deflagrations initiated by the ignition of flammable gases in the
headspace of a DST/SST.

• Nuclear criticality: includes assessment of fissile material and the favorability ofthe geometry to
result in a criticality.

• Vacuum exhaust line rupture: release of waste aerosols to the atmosphere resulting from a rupture
ofthe vacuum exhaust line during vacuum retrieval operations.

• Release from contaminated facility: flammable gas deflagration in a waste transfer-associated
structure that results in an uncontrolled release of radioactive and other hazardous material.

• Tank failure due to excessive loads: waste tank dome failure caused by excessive concentrated or
uniform load external to the tank, load drop, and internal loads caused by waste storage.

• Above ground structure failure: encompasses drops of contaminated equipment (e.g., the dropping
of a contaminated pump as it is being withdrawn from a tank with subsequent release from the pump)
and other releases from contaminated above ground structures (e.g., waste leaking from a pump as it
is removed from a tank, a crane load drop onto a HEPA filter housing, or a facility collapse caused by
aging or natural phenomena.

• Mixing of incompatible materials: initiated by the addition of an incompatible material with tank
waste resulting in the release oftoxic components.

• Waste transfer leak: encompasses all waste transfer-related leaks; two candidate leak scenarios
were selected as most representative, a fine spray leak and a large pipe break into a pit.

• Unplanned excavation I drilling: accident initiated by accidentally excavating or drilling into an
active or inactive liquid disposal site (e.g., crib, ditch, or pond), an unplanned release site, or an
underground waste tank contaminated plume column in the 200 Area.

Table 1 - Evaluation oflm act on Tank Farms Hazards

Evaluation oflmpact on Tank Farms Hazards

Potential to Impact on Accident I HazardTank Farms Representative
Accident Scenarios

Flammable Gas Accidents

Nuclear Criticality

Vacuum Exhaust Line Rupture

Release from Contaminated Facility

Tank Failure Due to Excessive Loads

Above Ground Structure Failure

Mixing ofincompatible Materials

Waste Transfer Leak

Unplanned Excavation I Drilling

CFF
No

No

No

No

No

Yes

Yes

No

No
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RMF
No

No

No

No

No

Yes

Yes

No

No

CSSX
No

No

No

No

No

Yes

Yes

No

No

FC
No

No

No

No

No

Yes

No

No

No

IX-SRF
No

No

No

No

No

Yes

Yes

No

No
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Assessment Summary Form (RMF-1.1.7)

Technology
Criteria:
Measure:
Definition:

Rotary Microfiltration
Safety - 1.0
Process Safety - 1.1
Less fire hazard - 1.1.7

Assessment Scope: Evaluation ofthe combustible loading inherent to the technology. This includes, but
is not limited to, the presence of combustible materials, the production of flammable gas, or flammable
by-products.

Conditions: The proposed rotary micro-filter (RMF) process uses multiple O.l-Dm sintered metal welded
disks. The disks are hollow with the submicron membrane on each disk surface. The disks are spaced
along a hollow central shaft that spins inside a pressurized housing and the differential pressure between
the housing and the inside ofthe disks drives filtrate across the membrane. Movement ofthe feed slurry
into the RMF and subsequent flow across the external surface ofthe rotating filter disks does not create a
combustible environment or facilitate the development of flammable gas.

Other Considerations: Location of the RMF units in existing tank risers places a potential combustible
material source in very close proximity to the tank and tank contents. Although highly unlikely, a
flammable gas environment in the tank that is exposed to an electrical fire presents a fire hazard that at a
minimum requires evaluation.

I

References: None

Attachments: None

Assessment Summary: The RMF process does not produce combustible or flammable gas conditions
during operations.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Assessment Summary Form (RMF-1.1.8)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Safety - 1.0
Process Safety - 1.1
Reactive Chemicals - 1.1.8

Assessment Scope:

Evaluate the overall process for the presence of reactive chemicals. This evaluation will include the
potential for reactive chemical combination during the process cycle.

Conditions: The RMF does not use any chemicals during normal processing. Flushes and filter cleaning
(as needed) are expected use water or caustic solutions. These chemicals have no reactivity with the
existing waste. There is the potential the periodical nitric acid or other chemical flushes will be needed to
clean the filter disks. This does create the potential of acid being introduced into the DST. Careful
controls and further evaluation and changes to the TF DSA will be required to implement this type of
flushing.

Other Considerations: DSA currently prohibits bulk chemical additions to TF (e.g. acids)

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 5.1
RPP-13033, Tank Farm Documented Safety Analysis

Attachments: None

Assessment Summary: There is no anticipated chemical reactivity from the routine processing.
However, nitric acid cleaning will require controls and further evaluation and changes to the TF DSA
before implementing this type offlushing.

Prepared by: GaIT Dunford

Reviewedby:~P~.~S~.~S~ch~a~u~s~ ___
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Assessment Summary Form (RMF-1.2.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Safety - 1.0
Criticality Safety - 1.2
Process that is inherently subcritical is preferred over a process that relies on criticality
controls - 1.2.1

Assessment Scope: Sub-bullets for this definition are:
+ Does the process have less than the minimum critical mass?
+ Does the process alter the form and distmbution ofthe TF waste

Conditions: Criticality under the existing tank farm conditions has been determined to be not credible,
because the fissile material concentration is too low, the neutron absorbers are too abundant, the waste
geometry is unfavorable, and the waste is over moderated. The entrained solids that are removed in the
RMF under processing conditions are not changed from the conditions in TF. The fissile concentration in
the solids is not increased, the neutron absorbers are still dispersed throughout the solids and the waste is
still wet (over-moderated). The geometry of the solids can change slightly during filtration or as returned
to the DST however this does not impact the conclusion. The fissile material hold up in the RMF based
on supernatant concentration is well below 15 grams (fissile exempt) per the attached table (grams of
239pU in each full feed batch).
Cleaning ofthe filters can dissolve selected compounds but this process would affect only a tiny fraction
ofthe solid and the bulk solids returned to a DST will still be critically safe.

Other Considerations: The actual composition of entrained solids (following decant operations) will be
transferred to the RMF is not defined in the feed vectors. However, even if it was the same concentration
as tank sludge (as opposed to salts and Al precipitates) it would still not create a criticality safe concern.

References: TF DSA

Attachment: Table of 239pu content in feed vectors

Assessment Summary: The process is sub-critical under expected conditions, a criticality is not credible
because the fissile material concentration is too low, the neutron absorbers are too abundant, the waste
geometry is unfavorable, and the waste is over moderated. This process does not change the result ofthe
TF DSA evaluation.

Prepared by: GaIT Dunford

Reviewedby:~P~.~S~.~S~ch~a~u~s~ ___
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AP-I08
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Table 1- Pu-239 Content in Feed Vectors

Isotope Ci/hr to Cs Sep Total Ci Total Grams
239Pu 4.94E-05 3.46E-Ol 5.58E+OO
239Pu 1.47E-03 l.03E+Ol 1.66E+02
239Pu 2.07E-04 1.45E+OO 2.34E+Ol
239Pu 8.87E-04 6.22E+OO l.OOE+02
239Pu 4.66E-04 3.27E+OO 5.27E+Ol
239Pu 1.93E-04 l.35E+OO 2.19E+Ol
239Pu 3.54E-03 2.48E+Ol 4.01E+02
239Pu 2.48E-04 1.74E+OO 2.81E+Ol

Total values are in the complete tank/feed batch to be processed
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Assessment Summary Form (RMF-1.3.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Safety - 1.0
Industrial Safety and Hygiene - 1.3
Less hazards/less severe hazardous is better - 1.3.1

Assessment Scope: Evaluate the technology flow sheet(s) and layout to identifY potential hazards to
personnel including: walking/elevated working surfaces, access/egress, temperature/pressure extremes,
ergonomic hazards, and atmospheric hazardous/industrial hygiene sampling.

Conditions: The Rotary Microfiltration (RMF) equipment will be housed in a module that is inserted into
an existing riser on the DST thus allowing access via entry at the tank farm. However, for the Fractional
Crystallization (FC) cesium separation process, the RM may be co-located with the FC equipment in a
below-grade facility. In this case access and egress is only from above and would be considered a
confined space entry into a radiation zone (once operations begin).
Heat is not applied during filtration, however, the filter disks in the RMF unit spin around a central shaft
within a pressurized vessel; rotation speed ofthe disks is adjustable (RPP-RPT-30160 §A.1.4). The filter
elements are periodically cleaned with water and sodium hydroxide (NaOH) to minimize solids
accumulation and filter membrane fouling (RPP-RPT-30160 §A.1.4). A less frequent nitric acid (RNO,)
cleaning is also expected. Sampling is performed downstream ofthe filtration system in the Feed Receipt
Tank.

Other Considerations: Cesium separation facility layouts do not have enough detail to identifY
ergonomic hazards at this time but it is assumed that final equipment layout would maximize accessibility
by maintenance personnel to the extent possible. Layouts ofthe RMF module are not available at this
time however; the modular design has all components with the potential for failure in a removable filter
pack (filter disks, bearings, seals rotary ioints etc.).

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Facility Layout for FC.pdf dated 5/8/08
Attachments: None

Assessment Summary:
• Equipment mounted above-grade on an existing DST riser allowing relatively easy access

• Equipment may be located below-grade in confined space radiation zone for FC

• Rotating filter disks in a pressurized vessel

• NaOH and RNO, periodically used to clean filters

• Removable modular filter pack houses components with the potential for failure

Prepared by: Cary Ervin, Vista Engineering

Reviewed by: Garv Dunford
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Assessment Summary Form (RMF-2.1.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Regulatory/Stakeholder Acceptance - 2.0
Achieve Tribal Nations/Stakeholder's Acceptance - 2.1
Early waste treatment enabled - 2.1.1

Assessment Scope: Can the technology be ready by the target start date? This includes completion of
testing, design, construction, permitting, and operational readiness review. (Only technology dependent
issues will be considered.)

Conditions: Construction and operational readiness are theoretically possible within the timeframe
necessary to make early pretreatment viable. The mission support schedule scenarios support Tank Farm
pretreatment operation prior to the target start date. (RPP-RPT-30160 §5.3.2.1 and 5.3.2.2) See
Assessments PROG-5.2.3 for programmatic permitting risks.
From a regulatory/permitting perspective it is possible for all the necessary permits and compliance
documents to be completed within the timeframe necessary to make early pretreatment viable. The
elapsed time from permit application preparation to receipt of permit is highly variable. It is assumed that
a RCRA permit for a new TSD facility will require the most time - approximately 2 years. All schedules
assume a 2 year period to complete all necessary permits. (RPP-RPT-30160 §3.6.5.4)
The Spin Tek rotary rnicrofilter (RM) has been demonstrated for separating solids from SRS alkaline
waste solutions. The filter module would need to be redesigned to fit within a 42-inch diameter riser on a
Hanford DST and the pump suction legs would need to be extended. (RPP-PRT-30160, §A.1.4)

Other Considerations: When used to support the IX-SRF and CSSX separations processes, the RMF unit
with feed pumps is housed in a module that is inserted through an existing riser on an existing DST.
RMF has not been tested for separating solids from Hanford LAW solutions however; results from SRS
wastes and Hanford wastes are anticipated to be comparable. (RPP-PRT-30160, §A.1.4)

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary:
• Use ofRM technology requires re-design and development of a module that will fit the 42

inch diameter risers on Hanford DSTs.

• Possible to complete permitting, construction and operational readiness for startup in by the

target start date, however, re-design and development ofthe filter module may delay the
permitting process and/or operational readiness.

Prepared by: Kim Sheldon, Vista Engineering

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (RMF-2.1.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Regulatory/ Stakeholder Acceptance - 2.0
Achieve Tribal Nations/Stakeholder's Acceptance - 2.1
Land usage (more contaminated ground) - 2.1.2

Assessment Scope: Estimate the footprint ofthe facility including piping to/from the facility.

Conditions: The modular rotary micro-filter (RMF) design developed by SRS will be modified to fit in a
Hanford DST such that the filter units can be installed directly into 42 inch tank risers. This will require
installation of an additional pit around an existing riser, similar in construction to the existing central
pump pit. The Fractional Crystallization option requires more RMF units than can be installed into tank
risers, so they would need to be co-located with the cesium separation process. In this case, the same
modular filter pack design would be utilized and installed in an underground vault similar in construction
to the typical tank vaults described above. The footprint allocation is 3.5-ft x 3.5-ft for each RMF unit
(RPP-RPT-37551, §8.1). Approximately 500 ff has been allocated for the filtration system in the FC
facility layout (RPP-RPT-37551, Figure 8-4).

Other Considerations: There are two possible site locations for the IPS Facility (see Site Evaluation
2E-08-11). Both sites passed the site evaluation; however, site #1 is the preferred location. The footprint
ofthe transfer piping to/from the IPS Facility will vary depending upon which site is chosen (but is
independent ofthe filtration and cesium separation technologies).

References: RPP-RPT-37551, May 2008, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions, Rev. A (Draft), CH2MHILL Hanford Group Inc., Richland,
Washington.

Site Evaluation 2E-08-11 dated 4/30/08

Attachments: None

Assessment Summary:
• The RMF unit is inserted through an existing riser into a DST

• IfFC process used, a larger capacity RMF system would need to be collocated with FC

equipment

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: --"P~.-"S,,-."'S"'ch"'a"'u"'s'--- _
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Assessment Summary Form (RMF-2.2.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Regulatoryl Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Compliance with applicable regs (RCRA, NEPA/SEPA, NESHAPS, NPDES, CAA,
DOE Orders) - 2.2.1

Assessment Scope: Has this technology previously been permitted for use? Are there factors related to
the use ofthis technology that would affect the permitting process?

Conditions: The Rotary Micro-filtration (RMF) technology has been demonstrated for separating solids
from SRS alkaline waste solutions. RMF has not been tested for separating solids from Hanford LAW
solutions. However, results from SRS wastes and Hanford wastes are anticipated to be comparable.
(RPP-RPT-30160 §A.1.4) There is a base of information to support the permit application process. For
schedule and planning purposes it is assumed that the permitting process will take 28 - 33 months for all
technology choices. RMF has not been previously permitted for use on the Hanford Site.
RCRA - The Interim Pretreatment System (IPS) and temporary tank storage units will constitute RCRA
treatment, storage, and disposal (TSD) units, and will require submittal of a Part B Permit Application
pursuant to WAC 173-303-806, and Ecology issuance of a final status RCRA Part B permit prior to
operation (WAC 173-303-840). (RPP-RPT-30160 §3.6.5.4)
CAA/NESHAPS - Three Notices of Construction (NOC) will be required for IPS and temporary tank
storage units: A radioactive air emissions NOC submitted to the State of Washington Department of
Health pursuant to WAC 246-247 and a non-radioactive NOC submitted to Washington State Department
of Ecology pursuant to WAC 173-400 and 460, with a copy provided to US EPA. (RPP-RPT-30160
§3.6.5.4)
NEPA - It is assumed that any early LAW pretreatment will be covered by the Tank Closure and Waste
Management (TC&WM) Environmental Impact Statement (expected 12/2009) and issuance of its Record
of Decision (expected 1/2010). Based on the ROD, an evaluation ofthe RM technology will need to be
performed to determine whether it is adequately covered or additional NEPA coverage is required (e.g.,
Environmental Assessment). In the event that completion ofthe TC&WM-EIS is significantly delayed
beyond its expected completion date of 12/2009, an alternate NEPA option may be required, e.g., an
Interim Action Environmental Assessment.
SEPA - DOE needs to submit a SEPA Checklist along with the RCRA permitting documentation for the
proposed activities. Ecology will compare the impacts ofthe proposed activities to the analysis
performed in the applicable NEPA document and determine whether that analysis adequately addresses
the proposed activities. (RPP-RPT-30160 §3.7)

NPDES - Not applicable to this activity.

Other Considerations: State regulators have been amenable, in the past, to expediting the permit process
to accelerate cleanup (e.g., demo bulk vit and IDF).
Unless the NEPA evaluation determined that one ofthe technologies required an EA, while none of the
others did, regulatory compliance does not appear to be a discriminator.

Assumes a ROD on the TC&WM EIS is completed so the rest ofthe permitting effort can go forward.
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References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Tank Closure & Waste Management EIS, draft.

Attachments: None

Assessment Summary:
• RMF has been demonstrated for separating solids from SRS alkaline waste solutions.

• RMF has not been tested for separating solids from Hanford LAW solutions. However, results

from SRS wastes and Hanford wastes are anticipated to be comparable.

• RMF has not been previously permitted for use on the Hanford Site, but there is no inherent

obstacle to prohibit obtaining a permit for this technology.

• There is a base of information to support the pennit application process.

• Assumes a ROD on the TC&WM EIS is completed so the rest ofthe permitting effort can go
forward.

Prepared by: Kim Sheldon, Vista Engineering

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (RMF-2.2.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Impact to Disposal System Performance - 2.2.2

Assessment Scope: Does the technology create an additional need for disposal of secondary waste? Is
the nature ofthe secondary waste such that constituents of potential concern (COPC) are mobilized that
increase long term storage risk?

Conditions: Items such as PPEs, failed equipment, etc. are commonly disposed of during Tank Farms
operations. COPCs are not applicable.

None

I

References: None

Attachments: None

Assessment Summary:
• Items such as PPEs, failed equipment, etc. are commonly disposed of during Tank Farms

operations

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (RMF-2.2.3)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Regulatoryl Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Secondary Waste Fonn and Quantity - 2.2.3

Assessment Scope: IdentifY the nature ofwaste(s) that cannot be returned to the Tank Farms. Estimate
the quantity of each waste stream.

Conditions: The Rotary Microfiltration (RMF) process does not produce any secondary wastes that
requires disposal. The clarified LAW supernatant is transferred to the cesium separation process while
the solid concentrate is returned to an adjacent DST. Other secondary wastes of unknown quantities that
will need disposal include failed equipment (filter elements, valves, etc.); these are off-normal
occurrences and difficult to estimate.

Other Considerations: It is assumed that the acid solutions used to periodically clean the filters will
either be routed with the LAW supernatant to the cesium separation process or with the solid concentrate
back to the DST. Chemical adjustment may be required for cleaning solutions returned to the DSTs to
meet compatibility requirements. Frequency of cleaning is likely to be much less than that ofthe
crossflow filters (RPP-RPT-37551, §5.1.2.2).

References: RPP-RPT-37551, May 2008, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions, Rev. A (Draft), CH2MHILL Hanford Group Inc., Richland,
Washington.

Attachments: None

Assessment Summary:
• No secondary wastes are produced by the RMF process

• Unknown quantity of failed equipment for disposal

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: -"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (RMF-2.2.4)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Potential impacts to other permitted facilities - 2.2.4

Assessment Scope: Evaluate the impact ofthe technology on the operations of other permitted facilities
on the Hanford Site. This includes any impacts to waste acceptance criteria (WAC), safety basis and
permit requirements.

Conditions:
LERF/ETF
No secondary liquid wastes requiring ETF processing are generated as a result of Rotary Micro-filtration
(RMF) activities. (See assessment RM-REG-2.3)
WTP
Assuming certain plant modifications are completed, the current WTP Project commissioning approach
will support commissioning and operation ofthe LAW vitrification facility without the support ofthe
Pretreatment facility. This assumes that the required services from Balance of Facilities (BOF) and the
WTP Laboratory (LAW) are provided consistent with facilities being commissioned and operated. (RPP
RPT-30160 §3.5.2) The start of radioactive operations prior to completion of WTP construction may
impact productivity ofthe construction work force. Due to the close proximity ofthe construction areas
to operating areas and potential for chemical or radiological releases affecting construction, additional
hazard controls may be required. (RPP-RPT-30160 §3.6.4)
Tank Farms and 242-A Evaporator
The modifications to the Tank Farms required to support IPS include waste transfer system modifications
and construction! installation of processing equipment. At this time it is undetermined whether permit
modifications will be necessary for existing operations or whether permits for the pretreatment process
will be sufficient for all interfaces. (RPP-RPT-30160 §3.5.1)
222-8 Lab
At this time it is undetermined whether permit modifications will be necessary for existing operations due
to the increased volume of samples that will be sent to the lab as a result ofInterim Pretreatment.

Other Considerations: Assumptions include:
• All secondary solid waste is suitable for onsite disposal and will meet the current waste

acceptance criteria.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Attachments: None
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Assessment Summary:
• The safety basis impacts will need to be evaluated regardless ofthe technology combination that

is finally selected.

• The current WTP Project commissioning approach will support commissioning and operation of
the LAW processing facility, without the support ofthe Pretreatment facility.

• Evaluation needed to confirm secondary waste meets the waste acceptance criteria.

Prepared by: Kim Sheldon, Vista Engineering

Reviewed by: --"P~...cS,,-.-"S"'ch"'a"'u"'s'--- _
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Assessment Summary Form (RMF-3.1.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Technical Matnrity/Flexibility - 3.0
Technology Readiness Level - 3.1
TRL Number - 3.1.1

Assessment Scope: Determine a Technology Readiness Level (TRL) number for the subject technology.

Conditions: Establish number on the assumption of status as of May 30,2008, consistent with guidance
in DOE Process Guide (DOE 2008).

Other Considerations: Determination is based upon initial Technology Readiness Assessment ofthe
subject technology performed by DOE (DOE 2007); the technology was rated a TRL of 3. This
assessment evaluated technology, programmatic, and manufactnring related questions consistent with the
then draft DOE Process Guide. Some questions were modified in the final issued Process Guide (DOE
2008) but are not significant to the conclusions ofthe DOE 2007 assessment. A TRL level was qualified
if all questions in that level were concluded as "Yes" with documented results. Several "No" answers
were indicated on level 4 ofthe DOE Assessment, documented in table C1.

References:
DOE 2007, Technology Readiness Assessment/or the Supplemental Treatment Program, DOE/ORP

2007-01, US DOE Office of River Protection, October 2007.
DOE 2008, Technology Readiness Assessment (TRA) / Technology Maturation Plan (TMP) Process

Guide, US DOE Office of Environmental Management, March 2008.

Attachments: Re-examined table Cl from DOE 2007.

Assessment Summary:
TRL~3

TRL workshop with senior management personnel was conducted on May 13 -15, 2008 to review past
DOE Assessment (DOE 2007) and consider if conditions have changed since the previous year to warrant
increase in TRL number. Personnel in the workshop concluded that there were still sufficient negative
responses to the queries associated with TRL-4 such as to maintain the same conclusions as the DOE
Assessment (DOE 2007). TRL-4 query documentation is attached.

Prepared by: A. R. Tedeschi Date: May 23, 2008

Reviewed by: ---"P~.-"Sc..-"S"'ch"'a"'u"'s'- _
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TABLE I

Annotated Table Cl "Technology Readiness Level 4 Summary for the "Rotary Microfiltration System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 1. Cross-technology issues (if any) have No change from prior Basis determination
been fully identified Criterion in DOE 2008 was changed to

following question: "1. Key process
variable/parameters have been fully identified
and preliminary hazard evaluations have been
performed." Results would be "No" for this
question since a preliminary hazard evaluation
has not yet been documented; this would not
affect the final conclusion ofthe assessment
since several "No's" have already been
identified.

Y 2. Laboratory components tested are No change from prior Basis determination
surrogates for system components

Y 3. Individual components tested in No change from prior Basis determination
laboratory/by supplier (contractor's
component acceptance testing)

Y 4. Subsystems composed of multiple No change from prior Basis determination
components tested at laboratory scale
using simulants

N 5. Modeling and simulation used to No change from prior Basis determination
simulate some components and
interfaces between components

N 6. Customer publishes requirements No change from prior Basis determination
document Criterion in DOE 2008 was slightly reworded

to "Overall system requirements for end user's
application are known." In this case revision to
the concept of "known" would revise the
answer to this question to a "Yes." Solids
concentration data is known through internal
memo communication from WTP. This would
not affect the overall conclusion because of the
other "No's" in the table.

N 7. Overall system requirements for end No change from prior Basis determination-
user's application are documented answer is still a No because there is no CH2M

HILL publishedfunctional system requirements
document.

Criterion in DOE 2008 underlined the word
"documented," to distinguish it from question
#6 above.
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TABLE 1

Annotated Table C1 "Technology Readiness Level 4 Summary for the "Rotary Microfiltration System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 8. System performance metrics No change from prior Basis determination
measuring requirements have been
established

N 9. Laboratory testing requirements No change from prior Basis determination
derived from system requirements are
established

Y 10. Available components assembled No change from prior Basis determination
into laboratory-scale system

Y 11. Laboratory experiments with No change from prior Basis determination
available components show that they
work together (laboratory kludge)

Y 12. Analysis completed to establish No change from prior Basis determination
component compatibility

N 13. Science and technology exit criteria No change from prior Basis determination
established

Y 14. Technology demonstrates basic No change from prior Basis determination
functionality in simulated environment

Y 15. Scalable technology prototypes have No change from prior Basis determination
been produced

N 16. Draft conceptual designs have been No change from prior Basis determination-
documented This question could be answered as "Yes"

considering the draft system descriptions,
process flow diagrams, material balance, and
arrangement drawings are being preparedjor
RPP-RPT-37551, but this document is not yet
released. This consistent interpretation will be
applied to all technologies, unless previously
documented as "Yes" (e.g., Fractional
Crystallization).

N 17. Equipment scale-up relationships No change from prior Basis determination
are understood/accounted for in
technology development program

Y 18. Controlled laboratory envirornnent No change from prior Basis determination
used in testing

Y 19. Initial cost drivers identified No change from prior Basis determination

Y 20. Integration studies have been started No change from prior Basis determination

N 21. Formal risk management program No change from prior Basis determination
initiated
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TABLE 1
Annotated Table Cl "Technology Readiness Level 4 Summary for the "Rotary Microfiltration System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 22. Key manufacturing processes for No change from prior Basis determination
equipment systems identified

Y 23. Scaling documents and designs of No change from prior Basis determination
technology have been completed

Y 24. Key manufacturing processes No change from prior Basis determination
assessed in laboratory

N 25. Functional work breakdown No change from prior Basis determination
structure developed (functions
established)

Y 26. Low-fidelity technology "system" No change from prior Basis determination
integration and engineering completed
in a laboratory envirornnent

Y 27. Mitigation strategies identified to No change from prior Basis determination
address manufacturability/producibility
shortfalls

Y 33. (See Note) Technology availability No change from prior Basis determination
dates established

N Functional work breakdown structure No change from prior Basis determination-
developed (functions established) duplicate question from #25 as an artifact of

the Excel spreadsheet calculator - this
question is qualified as "technology" vs.
"programmatic" in question #25.

Note: The final DOE Process Guide (DOE 2008) included additional questions (#28 - #32) from those
previously documented in 2007 DOE Assessment (DOE 2007). They are included below in Table 2 for
completeness with a short summary conclusion by the author (without documented evidence); they were
not evaluated by the TRL Workshop team. They would not affect the TRL # determination, since several
"No's" have already been identified.
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Criteria Criteria
Satisfied (numbers added consistent with DOE Conclusion
YIN 2008)

Y 28. Key physical and chemical Simulants were developed based upon data for
properties have been characterized for a AN-105 (Envelope A) andAN-107 (Envelope
range of wastes C) wastes

Y 29. A limited number of simulants have Simulants were developed based upon data for
been developed that approximate the AN-105 (Envelope A) andAN-107 (Envelope
range ofthe waste properties C) wastes

Y 30. Laboratory-scale tests on a limited Yes
range of simulants and real waste have
been completed

N 31. Process/parameterlimits and safety Limited safety issue being examinedfor
control strategies are being explored technology down-select but control strategies

and/or limits not being explored.

Y 32. Test plan documents for Actual prototypical lab-scale test completed.
prototypical lab-scale tests completed
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Assessment Summary Form (RMF 3.1.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Technical Matnrity/Flexibility - 3.0
Technology Readiness Level - 3.1
Effort to mature technology (cost and schedule) - 3.1.2

Assessment Scope: Determine rough order of magnitude (ROM) cost and schedule for developing this
technology to technology readiness level (TRL) Level 6, allowing transition into final design (consistent
with DOE 2007). This effort covers testing for technology maturity only, i.e., development and
qualification testing. It does not include factory acceptance, construction acceptance, or operational
testing costs; these three project testing activities and all other project costs are covered by other
assessments. This is a ROM estimate for comparison purposes only; final estimates will be documented
in the Technical Matnration Plan.

Conditions: The base condition is established by TRL level 3, identified in same technology assessment
form TM-l.l. TRL 6 is defined in the DOE Process Guide (DOE 2008).

Other Considerations: Major scope for achieving TRL 6 was defined in a TRL workshop of senior
management May 13 -14, 2008.

References:
DOE 2007, Technology Readiness Assessment/or the Supplemental Treatment Program, DOE/ORP

2007-01, US DOE Office of River Protection, October 2007.
DOE 2008, Technology Readiness Assessment (TRA) / Technology Maturation Plan (TMP) Process

Guide, US DOE Office of Environmental Management, March 2008.

Attachments: None

Assessment Summary:
ROM Cost ~ $ 2.5 M
ROM Schedule ~ 36 months
Major scope:

5. Complete testing with a broader range of actual DST waste samples.

6. Determine filter response to various chemical cleaning alternates

7. Perform additional simulant testing to understand filter loading

8. Obtain data for run-time reliability

9. Update model and validate against design assumptions

Base Assumptions:
3. Spin-tek filter(used at SRNL) is still available for radioactive sample testing

4. Non-radioactive single engineering scale unit (used for testing simulant at SRNL) is still available

5. A double unit will need assembled to test prototypical Hanford design

Prepared by: A. R. Tedeschi

Reviewedby:~P~.S~S~c~h~au~s~ __
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Assessment Summary Form (RMF-3.1.3)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Technical Matnrity/Flexibility - 3.0
Technology Readiness Level - 3.1
Probability of Success - 3.1.3

Assessment Scope: IdentifY technology matnration risks for the subject technology identified in the
technology description document (Draft CH2M HILL 2008), and from the technology readiness
assessment workshop, May 13 - 14, 2008.

Conditions: This is a subjective analysis of risk. Major risks will be identified and evaluated for the
following impacts to cost and schedule, resulting in the classic ranking. The following ranking table will
be used from the tank farm risk management procedure (CH2M HILL 2008), providing relative
Probability of Success binning as follows:
High Probability of Success: Worst case risk is Medium
Medium Probability of Success: Worst case risk is High
Low Probability of Success: Worst case risk is Very High

Risks will be listed in the Assessment Summary section. The worst case risk will be used as the final
qualifier for this assessment.

QUALITATIVE RISK VALUES

CONSEQUENCE

Very High
>$5M
>3 Mo

[3] Medium

High
>$1M <5M,

>1 Mo < 3Mos

[3] Marginal >0.4 to :0;0.6 [2] Low
[2] Unlikely >0.25 to .;0.4
[1] ery n ley «0.25)

[4] Likely >0.6 to ';.85 [2] Low

Very Low Low Medium
<$250K, >$250K <$500K, >$500K <$1 M,

F.P""R;.:O;:;B:::A,::B:;I;;L1~T.;,y,...,--=.,.---=+ ....",<,.,5.,;D;.;a;"y,;,S"...-I-_>.;.5..,Days <~2~W:k:S:t::>2=i!WkS < 1 Mo.
[5] Very Likely >.85 to 1.0 [3] Medium ill

Other Considerations: The technology readiness assessment workshop May 13 -14, 2008 gathered two
senior technical managers and multiple technical personnel to identifY risk items. The consequence and
probability values ofthese risk items (similarly for those items noted in the technology description) are
the determination ofthe author. This risk evaluation will only consider those risks associated with
technology development, and not include risks from design or operation.

References:
Draft - CH2M HILL 2008, May, T. H. et ai, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008
CH2M HILL 2008, RiskManagement, TFC-PRJ-PC-C-13, Rev B-6, April 2008, CH2M HILL Hanford

Group Inc., Richland, WA

Attachments: None
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Probability of Success ~ High

RPP-RPT-3774l, Rev 0

(Worst Case Technology Maturation Risk is "Medium")

Risks identified in draft RPP-RPT-37551:
1. Uncertainty offinalflux rates through additional testing and modeling during technical maturation
may require significant model revision and/or additional tests.

Consequence: Medium
Probability: Marginal
Risk: Medium

Risks identified from technology readiness workshop May 13 - 14.
1. Failure rate ofrotational equipment is not qualified resulting in inadequate design parameters or
shortened equipment life.

Consequence: Medium
Probability: Marginal
Risk: Medium

Prepared by: A. R. Tedeschi

Reviewedby:~P~.S~S~c~h~au~s~ __
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Assessment Summary Form (RMF-3.2.1)

Technology: Rotary Microfiltration
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Ability to process a variety of feeds - 3.2.1

Assessment Scope: Evaluate general flexibility of system to process tank farm input streams that
vary in critical characteristics.

Conditions: This is a subjective evaluation of current capability based upon existing
configuration information, past test results, and understanding of the unit operations. This effort
supports determination of the overall Technology Readiness Level. Critical input stream
characteristics include:

• Solids concentration

• Solids type/structure (e.g., round or elongated crystals, flocculent or sludge)

• Solids size

Other Considerations: While some laboratory and engineering prototypical effort has been
performed, testing bounding all actual DST waste and simulants is not completed. Technical
data on some solids concentration variation is available but does not cover the wide variation of
Hanford wastes.

References:
CH2M HILL 2008, May, T. H. et aI, Project W-551, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008, CH2M
HILL Hanford Group Inc., Richland WA.

WSRC 2006, Herman, D. T. et aI, Testing and Evaluation ofthe Modified Design ofthe 25-Disk
Rotary Microfilter, WSCR-STI-2006-00073, Rev 0, August 2006, Westinghouse Savannah
River Company, Aiken, Sc.

Attachments: None

Assessment Summary: Summary information is organized by critical input stream
characteristics.
Solids concentration - Savannah River testing showed that rotary micro-filtration testing flux
rates ranged between 0.12 to 0.29 gpm/ft2 for feed-suspended solid concentrations of 0.06 to 15
wt%, using simulated Savannah River tank wastes. (WSRC 2006).

Solids shape - Rotary microfiltration appears slightly sensitive to particle shape and structure
from limited testing; the filter media pores and solids transport area may become plugged
depending upon particle crystal type. Chemical cleaning systems appear successful in
resolubilizing or breaking up sludge mass. Chemical cleaning is planned for IPS design, but
requires additional design to ensure minimal impacts to the tank if the system is located in a tank
nser.
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Solids size - Rotary microfiltration appears slightly sensitive to particle structure from limited
testing; the filter media pores and solids transport area may become plugged depending upon
particle size. Normal design resolution is the installation of air backpulsing, low-shear pumps to
avoid reducing solids particle size and/or minimizing particle uniformity, and chemical cleaning
svstems - these tvpes of controls are maximized in the IPS design.

Prepared by: A. R. Tedeschi

Reviewed by: -=P~.-"S,,-.-"S"'c""h""au"'s"--- _
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Assessment Summary Form (RMF-3.2.2)

Technology: Rotary Microfiltration
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Ability to adjust process rate - 3.2.2

Assessment Scope: Conclude general flexibility of system to handle varying process feed/output
rate.

Conditions: This is a subjective evaluation of the ability to adjust the subject technology input
feed rate while maintaining stable technology operation, based upon existing configuration
information, past test results, and understanding of the unit operations. The technology shall be
binned into the following categories:
High Rate Flexibility ~ Can adjust process feed rate across wide range while having minimal
effect on operation.
Medium Rate Flexibility ~ Can only slightly adjust feed rates while maintaining stable operation.
Low Rate Flexibility ~ Slight feed rate adjustment will have high probability of process upsets
and require significant effort to recover technology stability.

Other Considerations: All systems are operated by a similar pumping design. It is assumed that
the optimum design will be selected for feed rate control dependent upon the technology, i.e.,
valving, pressure monitoring, automatic flow-control valves, and/or variable speed drives will be
used as appropriate. Since these support systems are extraneous to the technology, the specific
feed control scheme application will not be weighted - only the response of the technology to
varying conditions.
Also, theoretically, process rate adjustment is a matter of design risk. Overcapacity could be
designed into the filtration system to handle rate fluctuations, by increasing the number of units.
It is assumed that the current pre-conceptual design as noted in the design description will be
adequate to meet specified flow capacities.

References:
Draft - CH2M HILL 2008, May, T. H. et aI, Project W-551, "Interim Pretreatment System, "

Pre-conceptual Candidate Technology Descriptions, RPP-RPT-3755l, June 2008
WSRC 2006, Herman, D. T. et aI, Testing and Evaluation ofthe Modified Design ofthe 25-Disk

Rotary Microfilter, WSCR-STI-2006-00073, Rev 0, August 2006, Westinghouse Savannah
River Company, Aiken, Sc.

Attachments: None
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Assessment Summary: Process Rate Adjustment Flexibility ~ High
Flexibility is defined as High because of two technical bases identified through testing (WSRC
2006). First, the nature of rotary microfiltration testing has established a degree of freedom
between the pressure and axial velocity flow similar to cross-flow filtration.

"The SpinTek™ rotary filter is a compact filtration system that uses membrane filters mounted
on rotating disks. Theflux advantage ofthe rotary microfilter compared to other membrane
processes results from the high shear and centrifugal force acting on the boundary layer next to
the membrane. This shear greatly reduces fouling ofthe membrane surface and increases fluid
flow through the membrane. Pressure is decoupledfrom thefeedflow rate, allowing more
control over the driving force pressure and independent control ofthe shear applied to the filter
cake." (WSRC 2006 page 3)

Similar flexibility for independent control of membrane shear is provided by the RM technology.

While employing a fixed shear-inducing blade, cleaning of solids is also impacted by varying
flow rates. However, more applicable is the adjustment potential for varied disk rotation rates,
providing similar, if not slightly better, potential for solids buildup compensation with varying
feed rates.

Prepared by: A. R. Tedeschi

Reviewed by: ...P~.-"S'-'-'-"S"'c""h""au"'s"- _
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Assessment Summary Form (RMF-3.2.3)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Technical Matnrity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Flexibility to modifY product - 3.2.3

Assessment Scope: Determine teclrnology design and process control flexibility.

Conditions: This is a subjective evaluation based upon the teclrnology and applied process control
ability. The following binning is arbitrarily defined to establish flexibility based upon degrees offreedom
ofteclrnology choices and process control parameters.
High filtration product flexibility ~ > 12 degrees of freedom.
Medium filtration product flexibility ~ < 12 and> 5 degrees offreedom
Low filtration product flexibility ~ < 5 degree offreedom

Other Considerations: Testing thus far on filtration systems has shown a high probability for teclrnology
to remove 99.99% solids to achieve WTP feed conditions. (The referenced WTP criteria memorandum
(BN! 2008 pg 1) also notes the general filtration criteria of "removal of almost all compounds comparable
to the WTP pretreatment facility ultrafiltration system." Maximum particle size of all product is assumed
to be less than the maximum limit established for Low Activity Waste feed of 31.1 microns. (BN! 2008
pg 4). The maximum solids requirement value of:S 3.8 wt % is also documented in Interface Control
Document #19 between the Tank Farm Contractor and the Waste Treatment Plant.)

References:
BN! 2008, Robert Hanson to S.A. Saunders, Early LAW Waste Receipt Criteria Revision, Memorandum,

CCN #155899, April 8, 2008, Bechtel National, Inc. Richland, WA.
Draft - CH2M HILL 2008, May, T.H. et aI, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Filtration Product Flexibility ~ Medium
Design and operating degrees of freedom ~ 10

10. Filter pore size
11. Filter area

12. Filter material of construction
13. Number of filters
14. Number of filter units (systems)

15. Feed flow rate/pressure
16. Feed temperature

17. Rotation rate
18. Flush timing

19. Flush material chemistry

Prepared by: A. R. Tedeschi

Reviewedby:~P~.~S~.~S~ch~a~u~s~ ___
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Assessment Summary Form (RMF-3.2.4)

Technology: Rotary Microfiltration
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Ability to expand - 3.2.4

Assessment Scope: Evaluate flexibility of system to handle additional waste volume

Conditions: This is a subjective evaluation of current capability based upon existing
configuration information, past test results, and understanding of the unit operations. This effort
supports determination of the overall Technology Readiness Level. Critical expansion
characteristics include:

• Ability of existing design to handle additional feed volumes

• Ability for installation of addition separation unit operations into existing footprint

Evaluation assumes this flexibility is based upon additional volume/mass only with all other
waste conditions remaining constant.

None.

References:
CH2M HILL 2008, May, T. H. et aI, Project W-551, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008, CH2M
HILL Hanford Group Inc., Richland WA.

Attachments: None

Assessment Summary: Technology is sized to meet required filtrate rates with basic extra
capacity for ion exchange and caustic side solvent extraction and no over-capacity for fractional
crystallization based upon predicted filtration rates (CH2M HILL 2008):
Excess Capacity IX~41 %, FC~O %, CSSX~45 %

Footprint has no additional capacity for additional filters in tank AP-104, without significant
redesign (more platters or more than two units per riser). This would require installation of a
much larger vault area for ion exchange and caustic side solvent extraction than designed for
cross-flow filtration footprint. The footprint for fractional crystallization would need a much
larger footprint for any volume increase since there is currently no significant excess capacity.

Prepared by: A. R. Tedeschi

Reviewed by: ~P~.-"S,-,-.-"S"'c""h""au"'s"---- _
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Assessment Summary Form (RMF-3.2.5)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Technical Matnrity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Recover from out of spec product - 3.2.5

Assessment Scope: Define flexibility of system to address product that does not meet specification
requirements.

Conditions: This is a subjective analysis based upon the current process flowsheet, without specific
systems assumed for recycle and storage to address out of specification product. Flexibility is defined by
the following binning:
High flexibility for recovery ~ existing system will allow recycle ofproduct for convergence to proper
specifications without additional hardware systems (assumes minimal software changes).
Medium flexibility for recovery ~ system requires minimal storage or processing or software
modifications to allow for convergence of recycle streams to proper specifications (e.g., $lM - $5M)
Low flexibility for recovery ~ system requires significant storage or processing or software modifications
to allow convergence of recycle streams to proper specifications. (e.g., $5M - $20M)
Very Low flexibility for recovery ~ final product can no longer be further processed to improve
specification; out-of specification material must be segregated for special disposal handling or blending
for other treatment processes.

Other Considerations: Key design basis has RMF system installed within existing tank farm risers.

References:
Draft - CH2M HILL 2008, May, T.H. et ai, Project W-551, "Interim Pretreatment System," Pre
conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Recovery flexibility ~ Low

Installation within an existing tank farm riser would require extensive piping and valving, and potentially
another tank and pump, to allow recycle from the feed receipt tank back to the filtration system. Rough
order ofmagnitnde estimate is > $15M.

Prepared by :_~A",,--.R"",-.-"T-"e"de",s",c",hi,,-· _

Reviewedby:~P~.~S~.~S-"ch"a~u~s~ ___

152

Date: May 27, 2008

Date: 5/27/08



RPP-RPT-3774l, Rev 0

Assessment Summary Form (RMF-3.2.6)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Technical Matnrity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Technology applicability to other DOE complex projects - 3.2.6

Assessment Scope: Define technology interface in relationship to other pretreatment activities occurring
across the DOE complex.

Conditions: This is a subjective analysis providing a ranked perspective of interfaces. Binning shall be
defined as follows:
High applicability to other DOE complex projects ~ Identical technology was or is being deployed in
other DOE site(s) for full scale operation.
Medium applicability to other DOE complex projects ~ Identical technology is under investigation at
other DOE site(s) for deployment.
Low applicability to other DOE complex projects ~ Identical technology is planned for investigation at
other DOE site(s).
No applicability ~ No further planning of deploying this technology is being considered at any other DOE
complex site.

I Other Considerations: None

References:
Draft - CH2M HILL 2008, May, T.H. et aI, Project W-55I, "Interim Pretreatment System," Pre
conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Technical applicability is Medium.

This technology is being investigated (design, fabricate and perform testing on a full-scale rotary rnicro
filter) for potential Savannah River Site (SRS) tank farm applications. It is not deployed nor planned for
final deployment in full-scale hot operations at this time.

Prepared by:_~A=.R",.~T,",e",d"e",sc",hi",·~ _

Reviewedby:~P~,~S~,~S",ch~a",u~s~ ___

153

Date: May 23, 2008

Date: 5/27/08



RPP-RPT-37741, Rev 0

Assessment Summary Form (RMF-4.1.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Minimize number and frequency of surveillances - 4.1.1

Assessment Scope: The number and frequency of routine process parameters that must be recorded on
procedure data sheets during operating and shutdown periods.

Conditions: For the IXiRMF and CSSX/RMF systems, there will be two (2) waste feed pumps and four
(4) RMF units in a 42" tank riser. There are at least thirty-five (35) process parameters that require
measurement and recording during routine RMF equipment operation.

Because the waste feed rate requirement for the FC evaporators is higher than for IX and CSSX systems,
there will be one (1) waste feed pump and twelve (12) RMF units. The RMF units will be located in the
IPS facility because there is insufficient space within a DST tank riser to support the twelve required
RMF units. There are at least seventy one (71) process parameters to be measured and recorded during
routine RMF equipment operation.

Other Considerations:
As the detailed design ofthe RMF system is developed there may be more process parameters that will
require monitoring and recording.

References: RPP-RPT-30160, Rev 0, "Supporting Information for the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: A list ofprocess parameters to be monitored is attached for the IX/RMF and CSSX/RMF
svstems and a second list is attached for the FC/RMF svstem.

Assessment Summary: The RMF in combination with IX and CSSX has a total of at least thirty- five
(35) process parameters to be monitored.

The RMF in combination with FC has a total of at least seventy-one (71) process parameters to be
monitored.

Prepared by: Paul Kison
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List ofRMF Process Parameters with Ion Exchange and CSSX

1. Waste Feed Pump 1 Amps

2. Waste Feed Pump 1 Winding Temperature

3. Waste Feed Pump 1 Discharge Pressure

4. Waste Feed Pump 1 Flow Rate

5. Waste Feed Pump 2 Amps

6. Waste Feed Pump 2 Winding Temperature

7. Waste Feed Pump 2 Discharge Pressure

8. Waste Feed Pump 2 Flow Rate

9-12. Filter Motors 1, 2, 3, 4, Amps
13-16 Filter Motors 1,2,3,4, Rotation Speed
17-20 Filter Motor 1, 2, 3, 4, Bearing Temperature
21-24. Filter Shaft 1, 2, 3, 4, Bearing Temperature
25 Waste Feed Tank Level

26. Product Receiver Tank Level
27. Pump Pit Leak Detector
28. Receiver Tank Pit Leak Detector

29. Transfer Line Radiation Monitor (Feed)

30. Transfer Line Radiation Monitor (Filtrate)

31. Air Pressure for Bearing Cooling

32-35. Air Flow 1, 2, 3, 4, for Filter Shaft Bearing Cooling
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List ofRMF Process Parameters with Fractional Crystallization
1. Waste Transfer Tank Level

2. Waste Transfer Pump Amps

3. Waste Feed Pump Winding Temperature

4. Waste Feed Pump Discharge Pressure

5. Waste Feed Pump Flow Rate

6-17. Filter Motors 1-12, Amps
18-29. Filter Motors 1-12, Rotational Speed
30-41. Filter Motors 1-12, Bearing Temperature
42-53. Filter Shifts 1-12. Bearing Temperature
54-65. Filter Shafts 1-12, Air Flow
66. Air Pressure for Bearing Cooling

67. Product Receiver Tank Level
68. Pump Pit Leak Detector
69. Receiver Tank Pit Leak Detector
70. Transfer Line Radiation Monitor (Feed)
71. Transfer Line Radiation Monitor (Filtrate)
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Assessment Summary Form (4.1.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Minimize number ofpeople to operate - 4.1.2

Assessment Scope: The minimum number of personnel required to operate the RMF system with IX and
CSSX and to operate the RMF system with FC.

Conditions: The RMF system in combination with IX or CSSX requires two (2) transfer pumps and four
(4) rotary micro-filters in a 42" riser of a DST.
The RMF system in combination with FC requires one (1) waste transfer pump in the DST, and one (1)
waste feed pump and twelve (12) rotary micro-filters which will located in the IPS facility for fractional
distillation.

References: RPP-RPT-30160, Rev 0, "Supporting Information for the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: A list of personnel required is attached for RMF with IX and CSSX and RMF with FC.

Assessment Summary:
The minimum number of operating personnel RMF with IX and CSSX is five (5).
The minimum number of operating personnel RMF with FC is six (6) with the increase attributed to the
increase in process equipment and instrumentation to be monitored.

Prepared by: Paul Kison
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Personnel Requirements for RMF with IX and CSSX

Control Room Operators 2 each
Supervisor 1 each
Process Engineer 1 each (part time or on call)
Health Physics Technician 1 each (halftime)

Personnel Requirements for RMF with FC

Control Room Operators 3 each
Supervisor 1 each
Process Engineer 1 each (part time or on call)
Health Physics Technician 1 each (halftime)
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Assessment Summary Form (RMF-4.1.3)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Ease of startup and shutdown - 4.1.3

Assessment Scope: Determine the complexity of startup and shutdown ofthe components of the RMF
system and its ancillary equipment.

Conditions: The RMF system when coupled with IX or CSSX has two (2) waste feed pumps and four (4)
rotating filter assemblies in a 42" tank riser of a DST. There are the requisite transfer routes, valve
sequences, instrument checks, and bearing cooling air supply checks to be completed prior to startup but
the actual operation is very simple. The temporary or emergency shutdown would require only stopping
the feed pumps and rotary filter unit motors along with installation of administrative locks on the
appropriate pumps, valves and motors. Water flushing ofthe filter system would be prudent following a
shutdown for an extended period (>5 days) but may not be mandatory for short shutdown periods.
The RMF system when coupled with FC has one (1) waste transfer pump in the DST, one (1) waste feed
pump and twelve (12) rotating filter assemblies located in the IPS facility. The feed pump and rotary
micro-filters must be located in the IPS facility as there is not enough space to install the twelve filter
assemblies in a DST riser.

References: RPP-RPT-30160, Rev 0, "Supporting Information for the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: None

Assessment Summary: The RMF system coupled with IX or CSSX is relatively easy to startup and
shutdown based on only six (6) "moving" components and a simplified process.
The RMF system coupled with FC is more complex in that there are twelve (12) rotary micro-filters
rather than four (4) to be started and the startup requires work activities in two (2) work locations, such
as, valve lineups in the tank farm and IPS facility, administrative lock removal in the farm and the IPS
facility, etc.
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Reviewedby:~P~.~S~.~S~ch~a~u~s~ ___

159

Date: May 22,2008

Date: 5/30/08



RPP-RPT-3774l, Rev 0

Assessment Summary Form (RMF-4.1.4)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Minimize system complexity - 4.1.4

Assessment Scope: Determine system complexity by determining the number of parts and transfer
routes.

Conditions: The RMF system coupled with IX and CSSX includes two (2) waste transfer pumps, four (4)
RMF assemblies and two (2) transfer lines external to the DST (line from filter to the feed tank in the IPS
facility and a, line from the filter to solids receiver tank). The instrumentation associated with the RMF is
normal tank levels, differential pressures, rotational motor amps and temperatures, filter shaft bearing
temperatures and cooling air flow, leak detection and, liquid flow rates. The RMF is unique in that it is
equipped with a rotating hollow shaft with filter assemblies attached to the shaft and it is equipped with
an air cooled seal at the bottom ofthe filter shaft. The filtrate flows from the filter disks up through the
hollow shaft and on to the waste feed storage tank in the IPS facility.
The RMF system coupled with FC includes one (1) waste transfer pump in the DST, one (1) waste feed
pump in the storage tank in the IPS facility, twelve (12) RMF assemblies in the IPS facility and two (2)
transfer lines, one from the DST to IPS facility for supplying waste feed and one line from the IPS to the
solids receiver tank (DST).

I Other Considerations: None

References: RPP-RPT-30160, Rev 0 "Supporting Information for the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: None

Assessment Summary: The RMF system coupled with IX or CSSX has two (2) pumps, four (4) rotary
micro-filters and two (2) waste transfer lines external to the DST housing the RMF system.
The RMF system coupled with FC has two (2) pumps, twelve (12) rotary micro-filters and two (2) waste
transfer lines.
The RMF system coupled with FC has three times as many rotary micro-filters as compared to coupling
with IX or CSSX which increases the system complexity of operation.
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Assessment Summary Form (RMF-4.1.5)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Minimize number of chemicals needed - 4.1.5

Assessment Scope: Determine the number and types of chemicals required for operation ofthe RMF
system and components.

Conditions: There are a total of two chemicals, sodium hydroxide and nitric acid, that may be routinely
used for the cleanin of the filter disks.

Other Considerations: For the RMF system coupled with IX or CSSX, the flushing of each RMF must
be performed in the tank farms. The flush solution could be prepared at a central location or at the IPS
facility aqueous makeup area and transported by truck to the DST riser containing the RMF assemblies.
For the RMF coupled with FC, the RMF flushing will be performed in the IPS facility where the sodium
hydroxide solution would be supplied from the aqueous makeup area and routed to the filter cell.
The flushing of each RMF assembly will require ~ 50 gallons of 0.1 M sodium hydroxide solution. In
extreme cases, 0.1 M nitric acid may be required to clean the rotary filter disks. Neutralization ofthe acid
would be required prior to sending the waste to the DSTs.
It is possible that during the course of processing tank waste that some other chemicals may be required
for cleaning or decontamination purposes, but none have been delineated to date. If other chemicals are
required, their compatibility with the RMF and the waste storage tanks would require evaluation and
potential chemical adjustment prior to return to the DST as required to meet waste storage chemical
composition.

References: RPP-RPT-30160, Rev 0 "Supporting Information for the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios".

Attachments: None

Assessment Summary:
For the RMF system coupled with IX or CSSX, the rotary filter flushing would be performed in the tank
farm with inherent vehicular controls, potential contamination ofthe vehicle or equipment, flush solution
makeup at some other facility, etc.
For the RMF system coupled with FC, rotary filter flushing would be performed within the confines of
the IPS facility and would not require any vehicular support. The makeup of flush solutions would be at
the IPS facility.
The RMF system chemical requirements are sodium hydroxide and nitric acid for filter flushing. Both are
common chemicals that have been used at Hanford for many years. Any other chemicals used for
cleaning or decontamination will require a capability assessment prior to their use to preclude damage to
the RMF system or the waste storage tanks.

Prepared by: Paul Kison
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Assessment Summary Form (RMF-4.1.6)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Minimize number ofprocess and regulatory samples - 4.1.6

Assessment Scope: Determine the number and frequency of process samples required for normal
operation and the samples required to meet regulatory requirements.

Conditions: The waste feed solution for the RMF should be sampled in the appropriate DST to determine
chemical composition and percent solids content to determine the process control parameters to achieve
the best efficiency ofthe RMF system. There are no waste streams from the process that require
sampling for regulatory purposes.

Other Considerations: Samples ofthe filtrate from the RMF would be beneficial for process control and
monitoring purposes but the handling and potential radiation hazards may not justifY the effort. The
addition of filtrate sampling point in the process could also introduce additional safety issues and
requirements.

References: RPP-RPT-30160, Rev 0, "Supporting Information for the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: None

Assessment Summary: There is only one (1) process sample (waste feed) required to support the RMF
processing. Samples ofthe flush or decontamination solutions would require sampling and potential
chemical adjustment to meet DST waste storage specifications.
No regulatory samples are required for the RMF system.
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Assessment Summary Form (RMF-4.1.7)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Batch verses continuous - 4.1.7

Assessment Scope: Determine the most productive and efficient method of operation for the RMF
system.

Conditions: The RMF system can be operated on a campaign (or continuous) process. The only
limitation is the availability of waste feed and tank space for the filtrate. The most probable mode of
operation is continuous for each tank ofDSTwaste (campaign). The composition and characteristics of
the feed material will be required prior to the startup ofthe RMF system to define the process parameters
during processing.

Other Considerations: The RMF system when coupled with IX or CSSX will be designed to fit in the
42" tank riser of a specific tank and will have two (2) waste feed pumps and four (4) rotary micro-filters.
The RMF system when coupled with FC will be designed to fit into a cell in the IPS facility and will have
twelve (12) rotary micro-filters. The DST waste will be transferred to a small feed storage tank in the IPS
facility and the RMF waste feed will be oumoed from the storage tank.

References: RPP-RPT-30160, Rev 0, "Supporting Information for the Evaluation of Waste Treatment
and Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: None

Assessment Summary: The RMF system whether coupled to IX or CSSX with the pumps and rotary
filters in the DST or coupled with FC with the rotary filters in the IPS facility can be operated on
continuous basis for each campaign of characterized feed material provided there is sufficient waste feed
available and filtrate storage space available.
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Assessment Summary Form (RMF-4.1.8)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Ease of entry and exit from standby - 4.1.8

Assessment Scope: Evaluate impact oftemporary shutdown and requirements for restart ofthe RMF
system operation.

Conditions: The shutdown ofthe RMF system requires the cessation of feed flow and shutdown ofthe
filter rotation motors along with the installation of administrative locks on valves and pumps. The filter
system can remain filled with solids or liquids. The impact would be minimal as excessive solids would
be purged back to the feed tank upon restart and recycled back to the filter. Any filtrate would either
remain in the filter or drain to the product receiver tank. The restart or exit from standby would require
removal of administrative locks and reactivation ofthe feed pump and filter rotation motor.
The location ofthe RMF system, in the DST when coupled with IX or CSSX, or in the IPS facility when
coupled with FC, does not impact the shutdown or restart of the system. The availability of storage space
for filtrate would be the primary condition for the restart ofthe RMF system.

Other Considerations: The shutdown period could provide an opportunity to perform a filter flushing
sequence earlier than required during a feed campaign and would allow an extended operating period
following restart.

References: RPP-RPT-30160, Rev 0, "Supporting Information for the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: None

Assessment Summary: The RMF system can be shutdown and restarted will relative ease and with
minimal process disruption.
The coupling ofthe RMF system with IX or CSSX with the rotary filters in the DST or with FC with
filters in the IPS facility does not impact the startup or shutdown ofthe RMF system.

Prepared by: Paul Kison
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Assessment Summary Form (RMF-4.1.9)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Wide operating margin - 4.1.9

Assessment Scope: Evaluate the range of waste feed chemicals and solids that the RMF can efficiently
process.

Conditions: The RMF system should readily process waste feed with a solids content of 2 to 20 wt%
solids with 99.99% solids removal.

Other Considerations: The RMF system throughput may be reduced with higher solids content feed
material. The rotating speed ofthe filters can be increased to reduce the buildup of solids on the disks.
Chemical flushing with sodium hydroxide may also be required on a more frequent basis if excessive
filter fouling occurs. There may be some waste in tank farms that would require dilution or some form of
treatment to make them compatible with the RMF system and some ofthe waste may simply not be
treatable with filter systems.

References: RPP-RPT-30160, Rev 0, "Supporting Information for the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: None

Assessment Summary: The RMF system has an acceptable operating range for the majority ofthe tank
wastes present in the tank farms. The RMF system capacity is acceptable for interim pretreatment of feed
to the LAW facility.
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Assessment Summary Form (4.1.10)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Complexity oftransfers to, from and within Tank Farms - 4.1.10

Assessment Scope: IdentifY any special equipment or processes required for the transfer oftank wastes
to and from the RMF system.

Conditions: There are no special processes required for the transfer oftank waste. The hose-in-hose
transfer lines (HIHTL) may be considered a special equipment item but HIHTLs have been in use for the
past eight years at the Hanford site and should be considered a standard equipment item. The RMF
transfers are standard tank to tank, and tank to equipment which are routine transfers for Tank Farm
Operations.

Other Considerations: For the RMF system coupled with IX or CSSX, the RMF units are installed in a
DST riser. In order to flush the RMF units, the flush solutions may require the use ofvehicle equipped
with tanks and liquid transfer system to deliver the material within the tank farm. The chemical
additional vehicle would be a special piece of equipment.
The HIHTLs have a seven (7) year operating life and if used, could requirement replacement during the
IPS.

References: RPP-RPT-30160, Rev 0, "Supporting Information for the Evaluation of Waste Treatment
and Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: None

Assessment Summary: All routine transfers for the RMF system operations are considered to be standard
tank farm transfers and require no special equipment or processes to accomplish the transfers.
A chemical addition vehicle would be required for the RMF system coupled with IX or CSSX to deliver
flush or decontamination solutions to the rotary filters to the riser ofthe DST within the farms.
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Assessment Summary Form (RMF-4.2.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
ALARA-4.2
Less required contact maintenance is better, etc. - 4.2.1

Assessment Scope: Evaluate the number of system components containing radioactive waste or
hazardous chemicals that require hands-on maintainence for the RMF system.

Conditions: The waste transfer pump, waste feed pump, filter assemblies and the waste transfer piping
are the primary equipment items that will contain radioactive waste and hazardous chemicals. The
chemical flushing system will utilize sodium hydroxide and nitric acid which are considered hazardous
materials. The majority ofthe RMF instrument lines, leak detectors, flow meters, and radiation detectors
are potentially contaminated by tank waste constituents, but do not represent a significant hazard for
routine calibrations and operability checks. Their replacement would potentially expose personnel to
radiological and chemical hazards.

Other Considerations: For the RMF system coupled with IX or CSSX where the waste feed pumps and
rotary micro-filters are in the 42" riser ofthe DST, the failure of a waste feed pump or rotary micro-filter
component would require the entire RMF system be removed or least partially removed from the waste
tank. The equipment removal and replacement will be contact maintenance. The RMF systems can be
chemically cleaned to remove the majority ofthe radiological hazards but there will still risk of exposure
to radiological and chemical contamination during maintenance activities. The flushing and chemical
cleaning operations will require use of a chemical transport vehicle with solution pumping equipment to
deliver the flushing and cleaning solutions to the tank farms and expose personnel to hazardous materials.
The RMF system can also be washed down externally as it is removed from the waste tank to reduce risk
of contamination of the work site or personnel.

For the RMF system coupled with FC where the waste feed pump and rotary micro-filters are in the IPS
facility, equipment replacements will likely be performed remotely or semi-remotely which would reduce
the contact maintenance requirements.

References: RPP-RPT-30160, Rev 0, "Supporting Information for the Evaluation of Waste Treatment
and Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: None

Assessment Summary:
For the RMF system coupled with IX or CSSX, the failure a waste feed pump, rotary filter shaft motor, or
components ofthe rotary micro-filter will require contact maintenance for all repair and replacement
activities. The RMF system must be removed from the waste tank for component replacement. The
instrumentation and control systems will involve work within the tank farms but the exposure to
radiological and chemical hazards can be minimized. Their replacement would require contact
maintenance but on an infrequent basis.

For the RMF coupled with FC, the failure of a waste transfer pump will require contact maintenance for
all repair and replacement activities. With the failure of a waste feed pump, rotary filter shaft rotational
motor or components of a rotary micro-filter, the pump or rotary micro-filter replacement in the IPS
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facility will likely be done remotely or semi-remotely which will reduce the contact maintenance
required. The instrumentation and control systems will involve work within the tank farms and the IPS
facility but the exposure to radiological and chemical hazards can be minimized. Their replacement
would require contact maintenance but on an infrequent basis
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Assessment Summary Form (RMF-4.3.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Reliability - 4.3
Number of active components - 4.3.1

I Assessment Scope: Determine the number of active components and estimated frequency offailure.

Conditions: For the RMF system coupled with IX or CSSX, the number of major active components is
six (6) comprised ofthe two waste feed pumps and four rotary micro-filter assemblies. There are flow
control valves that would be considered as active components ifthey are equipped with diaphragm or
hydraulic operators to control the valve position during operation.
For the RMF system coupled with FC, the number of major active components is thirteen (13) comprised
ofthe waste feed pump and twelve rotary micro-filter assemblies. There are flow control valves that
would be considered as active components ifthey are equipped with diaphragm or hydraulic operators to
control the valve position during operation.

Other Considerations: The average operating life of an active waste transfer pump is approximately five
(5) years or 2-3 millions gallons of pumping.. Since the waste transfer and waste feed pumps will be
processing primarily supernatant, the pumps should remain serviceable for six to seven millions gallons
pumped before failure at the same five (5) year frequency. Ifthe pumps are inactive for an extended
period oftime, the pump shaft bearings can fill with waste material or the motor bearings tend to seize
and at the present time the Safety Analysis does not allow periodic rotation ofthe pump motors and shafts
without all ofthe transfer controls active and monitored during a periodic 10-15 second "pump bump".
The RMF assemblies should not fail more than once per 3-5 years. The filter rotational shaft bearing
have been noted as the most likely component to fail and the manufacturer has recommended an alternate
bearing with air cooling to extend their operating life to 3-5 years. The filter shaft is equipped with an
electric motor that should not fail more than once per three (3) years but electrical motors can and have
failed instantaneouslv without waming and from unknown causes.

References: RPP-RPT-30160, Rev 0, "Supporting Information for the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: None

Assessment Summary: For the RMF system coupled with IX or CSSX, there are six (6) active
components, two (2) waste transfer pumps and four (4) rotary RMF assemblies. There are flow control
valves that would be considered as active components ifthey are equipped with diaphragm or hydraulic
operators.
For the RMF system coupled with FC, there are thirteen (13) active components, one (1) waste transfer

pumps and twelve (12) RMF assemblies. There are flow control valves that would be considered as
active components if they are equipped with diaphragm or hydraulic operators.
The frequency offailure ofthe waste transfer pumps is once per five (5) years.
The frequency offailure ofthe RMF components is once per 3-5 years for filter disks and once per five

(5) years for rotational shaft bearing equipped with air cooled bearings.
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Assessment Summary Form (RMF-4.3.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Reliability - 4.3
Reliability of analogous systems -4.3.2

Assessment Scope: Compare the RMF system with comparable systems previously used at the Hanford
site, other DOE sites, or commercial applications.

Conditions: The waste transfer pumps and waste feed pumps are comparable to other tank waste transfer
and feed pumps used the tank farms for the past 20-25 years. Their reliability as been acceptable as long
as the pumps do not remain idle for extended periods.
There is no documented use of a RMF system at the Hanford site. The RMF system is currently in use at
the Savannah River site and the service as been acceptable to date. There is limited reliability data
available at this time. The unique nature ofthe waste in the Hanford tanks could present a challenge to
the effectiveness ofthe RMF system.
A commercial application of rotary micro-filters comparable to the RMF assemblies could not be found.
The use of micro-filtration is commonly used in a variety of industries applications but it appears the
RMF system design is unique to the work at Savannah River site.

Other Considerations: There should be additional laboratory testing performed with tank waste or
simulated waste to assure that the filter efficiency is acceptable for the anticipated range of solids and
chemicals found in the waste tanks which will be supplying feed to the RMF system.

References: RPP-RPT-30160, Rev 0, "Supporting Information for the Evaluation of Waste Treatment
and Immobilization Plant (WTP) Low Activity Waste (LAW) Startup First Scenarios"

Attachments: None

Assessment Summary: There are limited applications ofthe proposed RMF system. The RMF system
was developed for and is being used and tested at the Savannah River Site,

Prepared by: Paul Kison
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Assessment Summary Form (RMF-4.4.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize number of support systems - 4.4.1

Assessment Scope:
Count and evaluation of support systems required by the technology:

• Minimal or extensive number of services needed

Conditions:
Besides power, no other services are required for the normal operation ofthe technology.

Other Considerations:
• The unit tested at SRS used a mechanical seal with an estimated service life of one (1) year. The

seal supplier noted that an air seal would extend service life to an estimated five (5) years. If this
design was used, then an additional air service would be required.

• RPP-RPT-30160 states periodic cleaning of solids offofthe filter membranes with sodium
hydroxide and water, however, the frequency ofthis cleaning is not stated. It's assumed this will
occur infrequently due to the self cleaning nature ofthe rotary filter, but would be performed in

place. Therefore, an additional water and chemical service would be required.

References:
• WSRC-STI-2008-00050, Development ofa Rotary Microfilter for Radioactive Waste

Applications
• RPP-RPT-30160 Rev. 0, Supporting Infofor Evaluation ofWTP LAW Startup First Scenarios

Attachments: None.

Assessment Summary: Minimal services (power, air, water, sodium hydroxide and/or nitric acid) are
required for the subject technology for normal operations and periodic flushing.

Prepared by: Anthony Cutrona
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Assessment Summary Form (RMF-4.4.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize number and frequency ofPM's - 4.4.2

Assessment Scope: Determine number of components for the technology that will require PM, and
evaluate for frequency that PM will be performed. The PM activities considered are those that would be
performed to operate the equipment and maintain the equipment operable, while the equipment is in
ooeration.

Conditions: The cross-flow filter (CFF) configuration is similar to a pump assembly, and it is assumed
PM activities will be similar. The PM activities and frequencies that are anticipated to be performed are as
follows:

• Visual inspection for leaks (once a month)
• Monitoring of dP across unit (continuous via DCS)
• Grease motor bearings (every 3-6 months)
• Vibration reading (every 6 months)

• Motor current reading (every 6 months)

Other Considerations:
• Based on SRS testing results, selection ofthe correct seal and bushing materials is important to

the service life ofthe subject technology. However, internal parts which require shutdown and

disassembly to inspect are not considered for this definition.

• Zone classification of room where equipment is located could add complexity to performance of

the PM activities.

• Depending on what Cs extraction technology is used, anywhere from 4 (for IX-SRF and CSSX)

to 12 (for FC) filter units will be required.

References: WSRC-STI-2008-00050, Development ofa Rotary Microfilter for Radioactive Waste
Applications

Attachments: None.

Assessment Summary: PM activities for the subject technology are anticipated to be routine (visual
inspection, lubrication, operating parameter monitoring), however, ifthe equipment is located in-zone, a
level of complexity is added (PPG for personnel entry, provisions for remote monitoring, etc)

Prepared by: Anthony Cutrona
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Assessment Summary Form (RMF-4.4.3)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize maintenance in zone entries - 4.4.3

Assessment Scope: Evaluate technology for activities which requires hands-on maintenance.

Conditions: PM activities, repair/replacement, and surveillances are the activities which would require in
zone entry. Assuming that PM activities and surveillances can be performed remotely (DCS monitoring,
in-room cameras, auto-lubricators, etc), then in-zone entry is limited to repair/replacement activities.
Based on SRS test results, and vendor input, seal life for the filter assembly is from 1 year to 5 years.
Therefore, assume about a 2 year service life, at which time entry would be required for
repair/replacement.

Other Considerations: The amount and nature ofthe incoming solids can affect service life due to
abrasion, plugging ofthe filter screens, etc.

References: WSRC-STI-2008-00050, Development ofa Rotary Microfilter for Radioactive Waste
Applications

Attachments: None.

Assessment Summary: Estimate in-zone entry needed every 2 years for repair/replacement of mechanical
seals.

Prepared by: Anthony Cutrona
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Assessment Summary Form (RMF-4.4.4)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize specialized equipment and parts - 4.4.4

Assessment Scope: Evaluate teclrnology for custom designed, one-of-a-kind components versus
established, commercially available designs.

Conditions: The rotary micro-filter (RMF) unit tested by SRS is a modified design based on
commercially available teclrnology. The unit was modified to be more robust for radioactive service by
replacing polymer based components with stainless steel, and consolidating parts together to create a one
piece cartridge type unit which is easier to remove/replace. This does create a custom design, which
means spare parts are not readily available, and would need to be manufactured ahead oftime, and stored.
It's assumed that individual parts would not be replaced, so that upon need for replacement of anyone
part, the entire filter cartridge assembly would be replaced.

References: WSRC-STI-2008-00050, Development ofa Rotary Microfilter for Radioactive Waste
Applications

Attachments: None.

Assessment Summary:
• Proposed design similar to existing, commercially available products, however, modification was

required to meet demands of radioactive service.

• Spare parts would need to be ordered in advance, and warehoused.

Prepared by: Anthony Cutrona
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Assessment Summary Form (RMF-4.4.5)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize tank entries - 4.4.5

Assessment Scope: Evaluate teclrnology for placement on/in tanks.

Conditions: It's anticipated that the filter assembly will be located on a riser assembly placed atop a DST
nozzle. The filter and pumps will be outside the tank, with suction dip legs extending down into the tank.
IfFC Cs extraction is used, then the filters will be located in the IPS facility. However, the feed pump(s)
will still be placed in the DST.

References: RPP-RPT-30160 Rev. 0, Supporting Infofor Evaluation ofWTP LAW Startup First
Scenarios

Attachments: None.

Assessment Summary: Proposed application ofthis teclrnology requires DST entry.

Prepared by: Anthony Cutrona
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Assessment Summary Form (RMF-4.5.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Ease oftraining - 4.5.1

Assessment Scope: Evaluate teclrnology for complexity of operation which would require extensive
training.

Conditions: The rotary micro-filter (RMF) is a compact design, with basic control, and configured for
ease of assembly and maintenance. Any personnel familiar with pump and filter operations would quickly
learn this technology.

References: WSRC-STI-2008-00050, Development ofa Rotary Microfilter for Radioactive Waste
Applications

Attachments: None.

Assessment Summary: No complexity is identified for this teclrnology that would require extensive
training.

Prepared by: Anthony Cutrona
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Assessment Summary Form (RMF-4.5.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Complexity of procedures - 4.5.2

Assessment Scope: Evaluate teclrnology for complexity of design or operation that would require
extensive procedures.

Conditions: With the exception of procedures for work on radioactive equipment, the procedures
covering operation and maintenance ofthe rotary micro-filter (RMF) should be uncomplicated, because it
is a straight forward design which does not introduce complexity that personnel familiar with pump and
filter operations would not understand.

References: WSRC-STI-2008-00050, Development ofa Rotary Microfilter for Radioactive Waste
Applications

Attachments: None.

Assessment Summary: No additional complexity for O&M procedures is anticipated for this teclrnology.

Prepared by: Anthony Cutrona
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Assessment Summary Form (RMF-4.5.3)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Similar to other process facilities on site - 4.5.3

Assessment Scope: Evaluate technology to determine if currently/previously used at Hanford.

Conditions: As far as can be ascertained, this technology has not been used at Hanford.

I R</.,=", NIA

Attachments: None.

Assessment Summary: Not similar to other technologies on site.

Prepared by: Anthony Cutrona
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Assessment Summary Form (RMF-4.6.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Liquid/solid secondary waste - 4.6
Waste handling compatible with existing systems (DOE Order 420.1B) - 4.6.1

Assessment Scope: Evaluate technology for features that would fall under the requirements for 420.1B

Conditions: Order 420.1B is the general aspects of safety to be included in DOE facilities, and covers
Nuclear and Explosion safety design, Fire Protection, Criticality Safety, NPH Mitigation, and the System
Engineer Program. Review ofthe order finds no feature ofthe technology which would not fall under the
requirements.

References: DOE Order 420.1B

Attachments: None.

Assessment Summary: The technology is compatible with DOE Order 420.1B.

Prepared by: Anthony Cutrona
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Assessment Summary Form (RMF-4.6.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Operability and Maintainability - 4.0
Liquid/solid secondary waste - 4.6
Minimize operational impacts associated with hazardous waste handling - 4.6.2

Assessment Scope: Evaluate technology for impacts on process operations during secondary waste
handling.

Conditions: The secondary waste generated by the technology is the filtered solids from the raw DST
incoming feed. The Rotary Micro-filtration (RMF) unit is designed for continuous operation, and the
spinning action ofthe filter pack promotes self cleaning ofthe filter membranes by sloughing off the
filtered solids, which are returned to DSTs. No impact to process operations is anticipated during normal
operation. When replacement of components is required, operations will need to be suspended and
handling and disposal of contaminated equipment will be required. Failure is estimated to happen every
two (2) years during the 5 year service life ofthe facility.

References: WSRC-STI-2008-00050, Development ofa Rotary Microfilter for Radioactive Waste
Applications

Attachments: None.

Assessment Summary: The technology is suited for continuous operation, with no impact for handling of
secondary waste during normal operation. Suspension of operations is estimated to occur every 2 years
during the 5 year service life of facility for replacement and disposal offailed equipment.

Prepared by: Anthony Cutrona
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Assessment Summary Form (5.1.1)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Capital costs - 5.1.1

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. The construction costs are based on
take-offs from the equipment lists, layouts, and data developed in RPP-RPT-3775l, Project W
551 Interim Pretreatment System Pre-conceptual Candidate Technology Descriptions.

The estimates are for comparison of options and are not complete project costs. Costs for items
such as control trailer, transformer, switchgear, motor control center, power transmission lines,
water supply lines, and sanitary waste removal have not been included as they have been
assumed to be similar costs for each option.

Capital costs associated with deactivation, decontamination, and demolition at the end of a 5
year operating period are included.

Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design @ 10%
• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor is applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
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be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRF/CFF @ 27 months
• FC/RMF @ 32 months
• FC/CFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro-filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
In order to meet its throughput demands, RMF paired with FC requires 3 times as many RMF
units as when paired with IX-sRF and CSSX. Engineering cost for the FC/RMF option
calculated as a percentage of the total construction costs, including the additional RMF units,
was considered disproportionately inflated. Consequently, the engineering cost for the FC/RMF
option is calculated assuming the reduced number of RMF units as when paired with IX-sRF and
CSSX.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates,"
6/18/08

Assessment Summary: The combination of Cross-Flow Filtration for entrained solids removal
and Ion Exchange using spherical Resorcinol-Formaldehyde resin provides the lowest capital
costs, while the capital costs for the other combinations range as much as 50% higher (CSSX
paired with RMF).
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Project W-551 IPS Options
Class 4 Capital Cost Estimate Summary
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Prepared by: w. E. Bryan Date: 6118108
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Assessment Summary Form (5.1.2)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Life cycle costs - 5.1.2

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The life cycle costs include capital costs, operation and maintenance costs over a 5-year period,
and D&D costs. The estimates are based on take-offs from the equipment lists, layouts, and data
developed in RPP-RPT-3775l, Project W-551 Interim Pretreatment System Pre-conceptual
Candidate Technology Descriptions.

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. Capital costs associated with
deactivation, decontamination, and demolition at the end of a 5-year operating period are
included.

The operation and maintenance costs include specific work crews based on 24-7 operation over a
5-year period, the major chemicals and utility usage, planned equipment replacements, and any
incremental costs associated with a given technology required to satisfy the 5-year LAW
delivery mission.

The D&D costs include the site clean up costs.

The estimates are for comparison of options and are not complete project costs. Capital costs for
items such as control trailer, transformer, switchgear, motor control center, power transmission
lines, water supply lines, and sanitary waste removal have not been included, as they have been
assumed to be similar costs for each option. Costs for the development of procedures have not
been included, as they have been assumed to be similar costs for each option.

Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design (iiJ 10%
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• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor was applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRFICFF @ 27 months
• FC/RMF @ 32 months
• FCICFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
RMF paired with FC requires 3 times as many RMF units as when paired with IX-sRF and
CSSX. Engineering cost for the FC/RMF option calculated as a percentage of the total
construction costs, including the additional RMF units, was considered disproportionately
inflated. Consequently, the engineering cost for the FC/RMF option is calculated assuming the
reduced number ofRMF units as when paired with IX-sRF and CSSX.
The maximum capacity of the fuel oil heated steam supply system estimated for the two options
incorporating the fractional crystallization technology is driven by the high throughput
requirement of one of the original eight DST Tank waste streams. It is acknowledged that the
boiler will not operate and consume fuel at this maximum capacity during the total operating
time. Consequently, average annual fuel consumption has been incorporated into the estimate.
It is noted in RPP-RPT-37751 that the assumed design life of the rotary micro-filters is three
vears. Consequentlv, an out-year operating cost for replacement of the RMF units has been
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included in the fourth operating year in the estimates of the three options incorporating the rotary
microfiltration technology.

Costs for the following incremental Tank Farms waste transfers and SST retrievals are
incorporated into the operation estimates for the FC options, as additional Tank Farms waste
must be processed to satisfy the IPS requirement of delivering 1,175 MT Nalyr to WTP over 5
years.
• Sixteen (16) tank-to-tank transfers
• Two (2) SST retrievals
• Three (3) cross-site transfers

Estimates for the incremental transfers and retrievals associated with the FC options are derived
from the existing Tank Farms baseline. The "Interim Pretreatment Systems Options, 5 Year Life
Cycle Cost Estimates," 6/18/08, calculates add-on costs (e.g., escalation, productivity
adjustment, sales tax, contingency, etc.) against these activities. However, these add-on costs
associated with the incremental SST retrievals have been removed from the cost values depicted
in the life cycle summary charts and spreadsheet report.

Incremental operation of the 242-A Evaporator is required for the CSSX options. The "Interim
Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates," 6/18/08, does not include this
activity. Estimates for the incremental evaporator operation are derived from the existing Tank
Farms baseline and incorporated into the cost values depicted in the life cycle summary charts
and spreadsheet report. Add-on costs (e.g., escalation, productivity adjustment, sales tax,
contingency, etc.) are not applied to the incremental evaporator operation.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, Life Cycle Cost Estimates for 5-Year
Mission," 6/18/08

Assessment Summary: The combination of Cross-Flow Filtration for entrained solids removal
and Ion Exchange using spherical Resorcinol-Formaldehyde resin for Cs separation provides the
lowest life cycle costs for the IPS 5-year mission. Life-cycle costs for the five other
combinations of technologies for solids removal and Cs separation range upward to more than
50% higher (e.g., for CSSX/RMF when cost of further waste volume reduction using the 242-A
Evaporator is included and for the FC options when the incremental costs of waste transfers and
SST retrievals are included).
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Project W-551 IPS Options
Class 4 Life Cycle Cost Estimate Summary
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Assessment Summary Form (5.1.3)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Cost profile - 5.1.3

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The cost profiles present project year expenditures of the life cycle costs. The life cycle costs
include capital costs, operation and maintenance costs over a 5-year period, and D&D costs.
The estimates are based on take-offs from the equipment lists, layouts, and data developed in
RPP-RPT-37751, Project W-551 Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions.

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. Project year loading of the capital
expenditures follows the durations identified in the "Conditions" section. Capital costs
associated with deactivation, decontamination, and demolition at the end of a 5-year operating
period are included.

The operation and maintenance costs include specific work crews based on 24-7 operation over a
5-year period, the major chemicals and utility usage, planned equipment replacements, and any
incremental costs associated with a given technology required to satisfy the 5-year LAW
delivery mission. Project year loading of the operation and maintenance costs follows the
durations identified in the "Conditions" section.

The D&D costs include the site clean-up costs.

The estimates are for comparison of options and are not complete project costs. Capital costs for
items such as control trailer, transformer, switchgear, motor control center, power transmission
lines, water supply lines, and sanitary waste removal have not been included, as they have been
assumed to be similar costs for each option. Costs for the development of procedures have not
been included, as they have been assumed to be similar costs for each option.
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Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design @ 10%
• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor was applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRFICFF @ 27 months
• FC/RMF @ 32 months
• FCICFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

There has been no attempt at level loading the expenditures in the estimates.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro-filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
RMF paired with FC requires 3 times as many RMF units as when paired with IX-sRF and
CSSX. Engineering costs for the FC/RMF option calculated as a percentage of the total
construction costs, including the additional RMF units, were considered disproportionately
inflated. Consequently, the engineering costs for the FC/RMF option are calculated assuming
the reduced number ofRMF units as when paired with IX-sRF and CSSX.
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The maximum capacity of the fuel oil heated steam supply system estimated for the two options
incorporating the fractional crystallization technology is driven by the high throughput
requirement of one of the original eight DST Tank waste streams. It is acknowledged that the
boiler will not operate and consume fuel at this maximum capacity during the total operating
time. Consequently, average annual fuel consumption has been incorporated into the estimate.
It is noted in RPP-RPT-37751 that the assumed design life of the rotary micro-filters is three
years. Consequently, an out-year operating cost for replacement of the units has been included
in the fourth operating year in the estimates of the three options incorporating the rotary
microfiltration technology.

Costs for the following incremental Tank Farms waste transfers and SST retrievals for the FC
options are incorporated into the operation and maintenance estimates, as additional Tank Farms
waste must be processed to satisfY the 5-year LAW delivery mission.
• Sixteen (16) tank-to-tank transfers
• Two (2) SST retrievals
• Three (3) cross-site transfers

Estimates for the incremental transfers and retrievals associated with the FC options are derived
from the existing Tank Farms baseline. The "Interim Pretreatment Systems Options, 5 Year Life
Cycle Cost Estimates," 6/18/08, calculates add-on costs (e.g., escalation, productivity
adjustment, sales tax, contingency, etc.) against these activities. The add-on costs associated
with the incremental SST retrievals is removed from the cost values depicted in the cost profile
summary charts and spreadsheet report.

Incremental operation of the 242-A Evaporator is required for the CSSX options. The "Interim
Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates," 6/18/08, does not include this
activity. Estimates for the incremental evaporator operation are derived from the existing Tank
Farms baseline and incorporated into the cost values depicted in the cost profile summary charts
and spreadsheet report. Add-on costs (e.g., escalation, productivity adjustment, sales tax,
contingency, etc.) are not applied to the incremental evaporator operation.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, Cost Profiles for the 5-Year IPS
Mission," 6/18/08

Assessment Summary: See graphs below
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Project W-551 Base Life Cycle Cost Profile
Ion Exchange using spherical Resorcinol-Formaldehyde resin &

Crossflow Filtration
(no expected accuracy range applied)

60
-::iE 50..-
~ 40
~

.~ 30 I:IIPSSU&T

W alPS 0&0W
~ 20 alPS Ops
W
~

1Il 10 hJ1JlJl
IJIPS Capital

...n.
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Project Year

Project W-551 Base Life Cycle Cost Profile
Ion Exchange using spherical Resorcinol-Formaldehyde resin &

Rotary Microfiltration
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Fractional Crystallization & Crossflow Filtration

(includes incremental transfers & SST retrievals)
(no mark-ups applied to SST retrievals)
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Fractional Crystallization & Rotary Microfiltration

(includes incremental transfers & SST retrievals)
(no mark-ups applied to SST retrievals)
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Caustic-Side Solvent Extraction & Crossflow Filtration

(includes incremental 242-A Evaporator runs)
(no mark-ups applied to evaporator runs)

(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Caustic-Side Solvent Extraction & Rotary Microfiltration

(includes incremental 242-A-Evaporator runs)
(no mark-ups applied to evaporator runs)

(no expected accuracy range applied)
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Prepared by: w. E. Bryan

Reviewed by: -"P~.-",SC..."'S"'ch"'a"'u"'s _
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Assessment Summary Form (RMF-5.2.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Overall schedule (confidence) - 5.2.1

Assessment Scope: This assessment evaluates the impact ofthe Rotary Micro-Filtration (RMF)
technology on the overall implementation schedule duration for IPS, including its level of confidence

Conditions: An estimate of overall IPS schedule duration is comprised of 6 major activity elements 
design (3 phases), testing, permitting, safety and licensing, construction, and startup, 4 Critical Decision
milestones, and the expected Record of Decision milestone for the Tank Closure and Waste Management
Environmental Impact Statement. Based on the estimated durations for each ofthe 6 major activities, an
initial overall schedule for implementing RMF was drafted. This schedule was then modified to include
both optimistic «25% probability of on-time completion) and pessimistic (>75% probability of on-time
completion) durations so that a simplified Monte Carlo simulation could be performed. When these
estimates were compared with those for the Cross-flow Filtration (CFF) system, they were deemed
sufficiently similar that it was decided to treat this IPS process as a generic filtration system, rather than
separately. This reduced the number of overall schedule assessments from 6 (one for each pair of Cs
separation and solids filtration technologies) to 3 (one for each Cs separation technology + generic
filtration).

References: See CSSX-5.2.1, FC-5.2.1, and SRF-5.2.1 for results and analyses ofthe overall
implementation schedule for each ofthe 3 candidate Cs separation technologies.

Attachments: Durations ofMajorIPS Activities (months)

Assessment Summary: The estimated durations for the two candidate filtration technologies were nearly
the same, so that it was decided to treat filtration generically for purposes ofthe evaluating the overall IPS
implementation schedule.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Durations of Major IPS Activities (months)

Design. Testing. RCRA Safety & Construction Startup
Permitting' Licensing

CSSX+ 46 (12/16/18)3 38 32 Same 37 21
filtration' - durations as
most probable' design'
CSSX+ 46 (12/16/18) 32 28 Same 33 17
filtration durations as
optimistic design
CSSX+ 53 (14/18/21) 48 33 Same 48 24
filtration durations as
oessimistic design
FC + filtration 46 (12/16/18) 38 32 Same 33 17
- most probable durations as

design
FC + filtration 46 (12/16/18) 24 28 Same 31 14
optimistic durations as

design
FC + filtration 53 (14/18/21) 46 33 Same 40 20
pessimistic durations as

design
IX-SRF + 46 (12/16/18) 38 32 Same 27 14
filtration - most durations as
orobable design
IX-SRF + 46 (12/16/18) 36 28 Same 25 11
filtration durations as
optimistic design
IX-SRF + 53 (14/18/21) 48 33 Same 34 17
filtration durations as
pessimistic design
, Differences m schedule duratIOn mputs for the two filtratIOn technologies were mmor; therefore, genenc
filtration is included with each ofthe three Cs separations technologies
, Most probable ~ 50/50 of on time completion; optimistic < 25% probability of on time completion;
pessimistic> 75% probability of on time completion
3 (xx/yy/zz) are the estimated months to complete conceptual, preliminary, and detailed designs,
respectively
, Optimistic/pessimistic durations were taken from TPA-approved permitting schedule of activities
, Completion of Safety & Licensing activities is tied to and driven by information corning out ofthe 3
design phases
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Assessment Summary Form (RMF-5.2.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Licensing - 5.2.2

Assessment Scope: This assessment evaluates the schedule impact ofthe Rotary Micro-filtration (RMF)
process on completion ofthe IPS safety analysis.

Conditions: The primary focus ofthe safety analysis for the RMF process will be the high operating
speed ofthe SpinTek rotary micro-filter unit and the installation of these units into a 42" DST riser that
currently does not exist in the feed tank (AP-104). Savannah River has performed extensive tests on the
RMF units up to 48" in diameter, but has not fully deployed an operational RMF unit.

Other Considerations: Savannah River's on-going RMF test program includes the use of Hanford
simulants.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: Because there is less Hanford-specific knowledge and experience with the RMF
process and the equipment has not been fully deployed here or elsewhere, there is lower probability that
IPS safety analysis will be completed on schedule.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Assessment Summary Form (RMF-5.2.3)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Permitting - 5.2.3

Assessment Scope: This assessment evaluates the schedule impact ofthe Rotary Microfiltration (RMF)
process for completing the environmental permitting.

Conditions: The key events in assessing whether there will be a schedule impact from RMF is the
completion ofthe Tank Closure and Waste Management (TC&WM) Environmental Impact Statement
(expected 12/2009) and issuance of its Record of Decision (expected 1/2010). Based on the ROD, an
evaluation ofthe RMF technology will need to be performed to determine whether it is adequately
covered or additional NEPA coverage is required (e.g., Environmental Assessment).
Once the NEPA process is completed, the draft RCRA permit can be issued for public review and
comment by the regulatory agency. In accordance with the Tri-Party Agreement, the overall schedule for
the permitting process is 32 months. The RCRA Part B permit must be approved before IPS construction
can start.
Because RMF is a preliminary process step that does not generate waste streams requiring disposal, it is
unlikely that this technology will cause any significant delays in the RCRA Part B permitting process.

Other Considerations: In the event that completion ofthe TC&WM-EIS is significantly delayed beyond
its expected completion date of 12/2009, an alternate NEPA option may be required, e.g., an Interim
Action Environmental Assessment.
In the past, the Washington State Department ofEcology has shown a willingness to accelerate the
permitting schedule, particularly when the resulting permit allows waste treatment and/or disposal to
proceed.

References: Tank Closure & Waste Management EIS, draft; RCRA Part B permit application; Tri-Party
Agreement

Attachments: None

Assessment Summary: In accordance with the Tri-Party Agreement, the RCRA Part B permitting
process requires 28 - 33 months to complete. Assuming that the TC&WM-EIS is issued in 12/2009 as
expected, permitting of the RMF does not appear to impact IPS start of construction.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Assessment Summary Form (RMF-5.2.4)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Schedule Impact - 5.2
D&D - 5.2.4

Assessment Scope: This assessment evaluates the schedule impact ofthe Rotary Microfiltration (RMF)
equipment for completing the D&D ofthe IPS facility.

Conditions: The RMF equipment will be installed in a 42" D riser in AP-104. Appropriate
considerations for accommodating its eventual D&D will be included during IPS design.

Other Considerations: The eventual removal and D&D ofthis equipment will be completed sometime
after the completion ofthe IPS mission, but could be performed independently ofD&D ofthe IPS
facility.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: Considerations for the eventual D&D ofthe RMF equipment will be
accommodated during the IPS design. It is anticipated that D&D will have negligible impact on the IPS
schedule.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Assessment Summary Form (RMF-5.3.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
DST Space - 5.3
How fast DST space is made available - 5.3.1

Assessment Scope: This assessment evaluates the net rate at which double-shell tank (DST) space will
be made available as a result ofthe rotary micro-filtration (RMF) process.

Conditions: As shown by the process flow sheets, the net rate at which DST space will become available
is determined by the rate at which Cs is separated from the waste, not the rate at which solids are filtered
from the waste feed (see Assessment Summary Forms SRF-PROG-5.3.1, CSSX-PROG-5.3.1, FC-PROG
5.3.1 for detailed estimates of rates).

Other Considerations: None

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: The net rate at which DST space will become available is not a function ofthe
rate at which solids are filtered from the waste feed.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _

200

Date: 5/12/08

Date: 5/30/08



RPP-RPT-3774l, Rev 0

Assessment Summary Form (RMF-5.3.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
DST Space - 5.3
Amount ofDST space - 5.3.2

Assessment Scope: This assessment evaluates the impact ofthe solids removed by the rotary micro
filtration (RMF) process on DST space.

Conditions: While the actual concentration of suspended solids in the 8 candidate tanks is thought to be
much less, for flow sheet planning purposes it has been assumed that these wastes on average contain 0.5
wlo solids. It is further assumed that the RMF process removes essentially all ofthe suspended solids,
and that these solids would be concentrated to the waste transfer limit of 20 w/o. Assuming that the
density ofthe suspended solids is 1.4 glee and given that the total volume of waste in the 8 candidate
tanks is slightly more than 9 million gallons, this will result in ~200,000gallons of suspended solids at 20
wlo being stored in the AP-104 feed tank after the waste from all 8 tanks has been processed in IPS.

Other Considerations: The estimate ofDST space required to store the filtered solids is thought to be a
very conservative bounding case, because ofthe estimate used for weight percent of suspended solids.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: It is estimated that the RMF process will generate ~200 kgal of suspended solids
at the waste transfer limit of 20 wt 'Yo.

Prepared by: P. S. Schaus

Reviewedby:~C~a~rv~E~rv~in~ _
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Assessment Summary Form (RMF-5.4.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Production rate impact - 5.4.1

Assessment Scope: This assessment will evaluate whether Rotary Microfiltration (RMF) has any impact
on the production rates ofWTP and/or Supplemental Treatment.

Conditions: RMF is a preliminary processing step in the IPS. As a result, it has no impact on the
production rates of either WTP or Supplemental Treatment.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: No impact to WTP or Supplemental Treatment production rates.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Assessment Summary Form (RMF-5.4.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
Mission duration - 5.4.2

Assessment Scope: This assessment evaluates whether Rotary Microfiltration (RMF) has any impact on
the WTP LAW treatment mission duration.

Conditions: RMF is a preliminary processing step in the IPS. As a result, it has no impact on the WTP
LAW treatment mission duration.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: No impact to WTP LAW treatment mission duration.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Assessment Summary Form (RMF-5.4.3)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Number of high and low level packages - 5.4.3

Assessment Scope: This assessment evaluates whether Rotary Microfiltration (RMF) has any impact on
the number ofhigh- and low-level packages produced.

Conditions: RMF is a preliminary processing step in the IPS. As a result, it has no direct impact on the
number of high- and low-level packages produced

Other Considerations: The 20 wt % solids stream that is created by RMF and returned to AP-104 will
eventually be transferred to WTP and the solids will be vitrified as IHLW following pretreatment.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: No direct impact the number of high- and low-level packages produced.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Assessment Summary Form (RMF-5.4.4)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Lessons Learned benefits for WTP pretreatment - 5.4.4

Assessment Scope: This assessment evaluates whether Rotary Microfiltration (RMF) provides any
lessons learned benefits for WTP Pretreatment.

Conditions: Since CFF has been selected as the baseline filtration technology for WTP Pretreatment, the
operation and maintenance ofthe Rotary Microfiltration equipment in IPS will not provide data or
experience pertinent to the startup and operation/maintenance ofthe filtration equipment in WTP.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: There will not be "lessons learned" from the operations and maintenance ofRMF
equipment in IPS.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Assessment Summary Form (RMF-5.4.5)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Teclrnology transfer to WTP - 5.4.5

Assessment Scope: This assessment evaluates whether Rotary Microfiltration (RMF) will potentially
provide transfer of technology to WTP.

Conditions: CFF has been selected as the baseline filtration technology for WTP Pretreatment. The
operation and maintenance ofthe RMF equipment in IPS will provide valuable data and experience for
potentially transferring this teclrnology to WTP in the event that the baseline technology is found
wanting.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Teclrnology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: The transfer ofRMF teclrnology to WTP could potentially benefit the project in
the event that CFF does not meet expectations.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Assessment Summary Form (RMF-5.4.6)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
ALARA - 5.4.6

Assessment Scope: This assessment evaluates how much Rotary Microfiltration (RMF) will impact
ALARA in WTP's ILAW facility or in Supplemental Treatment.

Conditions: The primary source of radioactivity in the supernatant liquids is Cs. Therefore, removal of
the suspended solids by RMF will not significantly reduce the radioactivity ofthe Cs-depleted
supernatant being sent to WTP or Supplemental Treatment. The filtered solids will eventually impact
WTP when they are transferred to WTP's Pretreatment facility. However, the small amount of
radioactivity that is present in the filtered solids has not been estimated in the mass balance spreadsheets,
so its eventual impact to WTP cannot be quantified at this time.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: RMF has no measurable impact on ALARA in WTP.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Assessment Summary Form (RMF-5.4.7)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Diversity oftechnology - 5.4.7

Assessment Scope: This assessment evaluates whether Rotary Microfiltration (RMF) provides any
opportunities for diversifYing WTP's technology portfolio.

Conditions: CFF has been selected as the baseline filtration technology for WTP Pretreatment.
Therefore, the use ofRMF in IPS provides an opportunity for diversifYing WTP's technology in the event
that significant problems are encountered with CFF during early WTP operations. WTP could evaluate
using RMF as an alternative filtration technology prior to its start up, if deemed necessary.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: The use ofRMF in IPS provides an opportunity for diversifYing WTP's
technology portfolio, in the event that significant problems with CFF are encountered during WTP
operations.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _

208

Date: 5/16/08

Date: 5/30/08



RPP-RPT-37741, Rev 0

Assessment Summary Form (RMF-5.4.8)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Positive programmatic impacts and opportunties - 5.4.8

Assessment Scope: This assessment evaluates whether Rotary Microfiltration (RMF) provides any
positive programmatic impacts and opportunities to WTP and Supplemental Treatment. Programmatic
considerations will focus on the potential to reduce costs, accelerate schedules, and mitigate
programmatic risks or uncertainties to the WTP and Supplemental Treatment projects.

Conditions: Because RMF is not the baseline technology for solids filtration in WTP or Supplemental
Treatment, there are no programmatic impacts or opportunities associated with this technology.

Other Considerations: In the event that performance ofthe baseline solids filtration technology proved to
be unsatisfactory, the knowledge gained from RMF's deployment in IPS would provide valuable input to
a recovery plan.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: There are no programmatic impacts or opportunities to WTP or Supplemental
Treatment associated with the RMF technology.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Assessment Summary Form (RMF-5.5.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Analytical equipment, methods, and capacity - 5.5.1

Assessment Scope: This assessment evaluates the impacts ofthe rotary micro-filtration (RMF) on the
analytical services (equipment, methods, capacity) available at the Hanford site, e.g., WTP's analytical
laboratory, 222-S Analytical Laboratory.

Conditions: The process description for RMF was reviewed to determine what, if any, analytical services
would be required to support this process, including analysis the resulting filtered liquid (filtrate) being
transferred to the Cs separation process, and the concentrated solids being transferred back to the DSTs.
The number and type of samples (for process control, feed certification and compliance) are not currently
defined. Therefore, no estimate ofthe impact ofthe RMF technology on the analytical equipment,
methods and capacity can be made at this time.

Other Considerations: The total turnaround times typically required for sampling, sampling transport,
and analyses will also need to be evaluated in order to ensure the adequacy of the IPS lag storage
capacity.
Per HNF-SD-WM-OCD-015, waste transfers to the DSTs cannot exceed 20 wlo concentrated solids.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

HNF-SD-WM-OCD-015, "Tank Farms Waste Transfer Compatibility Program"

Attachments: None

Assessment Summary: The number and types of samples (for process control, feed certification and
compliance) are not currently defined. Therefore, no estimate ofthe impact ofthe RMF technology on
the analytical equipment, methods and capacity can be made at this time. The amount oflag storage may
need to be adjusted to accommodate the typical turnaround times for sampling and analysis.

Prepared by: P. S. Schaus

Reviewedby:~C~a~rv~E~rv~in~ _
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Assessment Summary Form (RMF-5.5.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Compliance to ETF WAC - 5.5.2

Assessment Scope: This assessment evaluates the impacts ofthe rotary micro-filtration (RMF) process
on the Effluent Treatment Facility.

Conditions: The process flow diagram and mass balance calculations for the RMF process showed that
there are no process condensates generated by this process requiring direct disposal to ETF.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None.

Assessment Summary: Because it generates no liquid effluents, the rotary microfiltration process has no
direct impact on the Effluent Treatment Facility.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~in~ _
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Assessment Summary Form (RMF-5.5.3)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
ALARA - 5.5.3

Assessment Scope: This assessment evaluates whether the principle of ALARA (As Low As Reasonably
Achievable) will be impacted by the Rotary Microfiltration (RMF) process with respect to support
facilities such as the will be the Effluent Treatment Facility (ETF), the 242-A Evaporator, and the
analvticallaboratories.

Conditions: Because RMF is being incorporated into an existing Double-Shell Tank (AP-104), it will be
more challenging to incorporate the ALARA principle during the facility and process design in order to
ensure that Waste Acceptance Criteria for supporting facilities are met, less hazardousiless toxic materials
are used wherever possible, sampling and analysis requirements at the analytical laboratories are
minimized, etc.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: Because RMF is being installed in an existing DST, ALARA will be more
difficult to incorporate into its process design.

Prepared by: P. S. Schaus

Reviewedby:~C~a~IT~E~IT~inll- _
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Assessment Summary Form (RMF-5.5.4)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Number of Evaporator campaigns - 5.5.4

Assessment Scope: This assessment evaluates the impacts ofthe rotary micro-filtration (RMF) process
on the 242-A Evaporator facility.

Conditions: The RMF process description was reviewed to determine how much, if any, liquid waste
requiring evaporative volume reduction will be generated by this process. The RMF process may require
"chemical cleaning ofthe filter disks ... periodically.... An evaluation performed for the SRS concluded
that chemical cleaning can be conservatively assumed to be required once per year (WSRC-RP-2004
00234). The volume for chemical cleaning ofthe rotary micro-filter is equal to the volume ofthe filter
pack, estimated to be approximately 10 gal per filter unit." Based on the recommended frequency of
cleaning and the estimated volume of cleaning liquid required and assuming 5 years of operation for IPS,
it has been estimated that a total of200 gallons of 2M nitric acid would be required ifRMF were used
with either CSSX or IX-SRF, or 500 gallons total ifused with FC. These relatively small volumes of
waste will be neutralized and transferred back to the feed tank (AP-104), but eventually will become part
ofthe waste stream being transferred into the DST system. No waste streams from the RMF are sent
directly to the 242-A Evaporator.

Other Considerations: Depending on the Cs separation process that is subsequently used, it mayor may
not be further volume reduced at the 242-A Evaporator.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 5.1

Attachments: None

Assessment Summary: Because it generates no waste streams that are directly transferred to the DST
system, the RMF process has no direct impact on the 242-A Evaporator facility.

Prepared by: P. S. Schaus

Reviewedby:~C~a~rv~E~rv~in~ _
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Assessment Summary Form (RMF-5.6.1)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Resources and materials - 5.6
Availablility of Key Skills, Critical Materials, Qualified Vendors - 5.6.1

Assessment Scope: IdentifY major required resources such as professional (engineering and
technological), construction and operation support personnel, required key components and chemical and
assess availability ofthese items for the project on a regular as well as emergency need basis. Review
and identifY vendors (multiple is better than a single source vendor). IdentifY any major lead time or
material and its availability impacts.

Conditions: A table of all major resources was developed and is attached with this form. Engineering
and construction forces are going to be in a critical need at Hanford due to on going WTP construction
and overall U. S. Market conditions. Rotary micro-filter (RMF) assembly for Hanford tanks will require
special adaptation of WSRC design and is only produced by a single supplier with extensive technical
support from the WSRC personnel. No other vendor is anticipated to join the work as the need for such
specialty filter equipment is very unique to Hanford and no other commercial application exists. Though
large quantity filter assemblies can be procured in advance to eliminate future difficulty. RMF system
uses smaller size recirculation pump that is mounted on the top ofthe tank. Commercial availability of
such pumps is of no difficulty.

References: None

Attachments: Table 1- Resource Assessment

Assessment Summary: RMF system provider is a single source vendor needing significant involvement
of Hanford or WRSC technology developers to design and build Hanford DST specific device. Current
experience with the vendor is good and is anticipated to improve due to SR support activities.

Prepared by: Kishor Shah

Reviewedby:~P~.~S~.~S~ch~a~u~s~ ___
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Description Rotarv Micro Filtration Cross-flow Filtration
Key Skills:

Engineering forces Overall general concern for Overall general concern for
availability of engineering forces availability of engineering forces
due to market conditions and due to market conditions and
existing work at Hanford. existing work at Hanford.

Teclmology Development Test facilities and simulant Test facilities and simulant
resources definition to support technology definition to support teclmology

development. Vendor has development. WTP has
limited capability for radiation experienced for this teclmology
type development development and support.

Construction Forces Competing with WTP forces at Competing with WTP forces at
the Hanford Site the Hanford Site

Laboratory Needs Will need Hanford Specific WTP has developed the
demonstration facility technology

Critical Material:
Special Material!equipment Need sintered metal disks, 300 Need sintered metal tubes, 300

series SST series SST
Material Suppliers Multiple suppliers of single disks Multiple suppliers of metal tubes
Fabrication So far fabrication has been Potential multiple fabricators

demonstrated by joint forces of
WSRC and SpinTek, a sole
source company

Quantity ofmaterial No maior large quantity impact No maior large quantity impact
Pumps Smaller size recirculation pump. 1000-3000 gpm recirculation

pump
Qualified Vendors

Suppliers Quality of a single supplier is Many suppliers are available
unknown

Vendor Support Significant vendor support will General vendor support will be
be required to modify rotary needed.
micro-filters for Hanford
apPlication.

Stability of Critical Pricing
Engineering forces Overall pricing may be higher Overall pricing may be higher

due to limited resources and due to limited resources and
competition competition

Equipment Due to limited application, costs No major difficulty in the
may be higher, but ca be procurement
accommodated with a proper
planning and higher spare items
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Assessment Summary Form (RMF-5.6.2)

Technology:
Criteria:
Measure:
Definition:

Rotary Microfiltration
Programmatic Aspects - 5.0
Resources and materials - 5.6
Stability of Critical Resource Pricing - 5.6.2

Assessment Scope: Review previously identified critical resources (such as professional skilled
personnel, chemicals, specific raw materials, etc.) against current and potentially future pricing. Review
competition for these resources within Hanford and general market. IdentifY any shortfall or abnormal
condition requiring a soecial attention or mitigation.

Conditions: In our engineering judgment, engineering and technological resources are going to be hard to
find at certain times in the future due to competitive activities in the market. Since this rotary micro
filtration (RMF) system does not require any special type of exotic or hard to obtain material, overall
pricing bounds can be established using standard cost estimating practices. Pricing may be impacted in
the future due to a single source vendor condition. Difficulty in getting qualified vendors for N-stamp
fabrication exists..

References: Engineering Judgment

Attachments: None

Assessment Summary: For the RMF system, no special resource pricing issue was found. Engineering
critical resources are scarce and may impact overall implementation approach. Availability of a qualified
vendor (due to a single source condition, and potential N-stamp requirements) to assemble filtration unit
may impact pricing of units.

Prepared by: Kishor Shah

Reviewedby:~P~.~S~.~S~ch~a~u~s~ ___
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ATTACHMENT D

Caustic Side Solvent Extraction Assessment Fonns
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Assessment Summary Form (CSSX-1.1.1)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction (CSSX)
Safety - 1.0
Process Safety - 1.1
Quantity ofmaterial at risk (MAR) - radiological and chemical- 1.1.1

Assessment Scope: Evaluate the quantity of radiological material at risk (MAR), which is the amount of
radionuclides (in grams or curies of activity for each radionuclide) available to be acted on by a given
physical stress, and the quantity of chemical MAR.

Conditions: Using radiological data and process flow rate data from preliminary mass balance
calculations, the radiological MAR was calculated for the Feed Receipt Tank and the Cs Product Tank.
The intent was to gain knowledge about the MAR at key component locations.

Other Considerations: A more detailed and exhaustive evaluation ofthe material at risk would be
required to determine the bounding values for the technologies.

References: None

Attachments:
Table 1: Activity (Ci) ofRadioactive Material in Feed Receipt Tank
Table 2: Activity (Ci) of Radioactive Material in Cs Product Tank
Table 3: Tank Volumes
Table 4: CSSX Chemical MAR Based on Chemical Storage

Assessment Summary: The quantity of radiological material at risk for the CSSX technology is greater
than that ofthe competing technologies when considering the Feed Receipt Tank (effectively, the initial
feed stream). Likewise, the quantity of radiological MAR for the CSSX technology is greater than the
competing technologies for three ofthe eight feed supply tanks (241-AP-102, 241-AP-104, and 241-AP
105) when evaluating the Cs Product Tank. Therefore, the initial, but very premature conclusion is that
the CSSX technology presents the higher risk when considering just the quantity of MAR. Lack of data
for the LAW Product Tank negated the possibility of comparative analysis to the other two technologies
at this time.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford

Date: 05/14/08

Date: 5/25/08

"The data in Table 1 are in error. For purposes of this assessment, the volume of the CSSX
feed tank was proportioned to that of the IX-sRF feed tank (80%) in order to obtain the
correct values."
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Table 1 - Activity (Ci) of Radioactive Material in Feed Receipt Tank

Supply Tank Designation
Radionuclide 241-AN- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP-

104 101 102 103 104 105 107 108
Ru-106 8.84E-06 U8E-OI 5.94E-06 1.90E-07 9.69E-06 1.10E-02 4.97E-OI 8.19E-07
Cd-113m l.28E+00 3.9lE+OI 1.05E+00 5.24E+OI 9.67E-0l IA5E+00 1.60E+00
Sb-125 l.88E-02 3A8E+00 l.17E+OI 309E-OI l.33E+OI 4.90E-OI l.03E+OI 5.73E-OI
Sn-126 I AlE-02 5.37E-02 U6E+00 4.50E-02 2A2E+00 3.95E-02 4.56E-02 6.62E-02
1-129 4.300-03 5.97E-03 5.22E-OI 1.13E-02 303E-OI 9.28E-03 5.17E-03 8.35E-03
Cs-134 5.19E-02 l.70E+00 302E-OI 3.93E-02 3.66E+00 1.22E-O I 5.05E+00 l.24E-OI
Cs-137 9.600+03 1.08E+04 408E+05 8.37E+03 3.26E+05 9A9E+03 2.19E+04 7.22E+03
Ba-137m 909E+03 1.02E+04 3.85E+05 7.89E+03 307E+05 8.99E+03 207E+04 6. 82E+03
C-14 1.04E-OI UlE-OI 4.62E+00 2.27E-OI 2.39E+00 8.83E-02 1.19E-OI 8.83E-02
Sm-151 5.11E-05 2.54E+02 7.68E+03 2.2lE+02 1.16E+04 1.94E+02 2.33E+02 3.27E+02
Eu-152 3A8E-09 7.58E-02 l.87E+00 5.24E-02 2.57E+00 4.57E-02 1.13E-OI 7.65E-02
Eu-154 1.64E-07 7.87E-OI 5.30E+OI 4.95E-OI l.36E+OI 1.64E+00 l.24E+00 5.28E-OI
Eu-155 6.3lE-08 l.34E+00 2.99E+OI 6.5lE-OI 3.39E+OI IA5E+00 2. 13E+OO 5.69E-OI
Ra-226 4.54E-08 304E-06 9.67E-05 302E-06 UlE-04 2.54E-06 2.85E-06 4.29E-06
Ac-227 3.25E-II 5.59E-05 U5E-03 3A3E-05 2AlE-03 309E-05 304E-05 5.03E-05
Ra-228 l.29E-05 6.70E-04 l.28E-OI 1.22E-03 3. I 8E-02 1.78E-03 7.3lE-04 2.9lE-03
Th-229 5.99E-08 3A5E-05 4.2lE-03 7.20E-05 206E-03 806E-05 4.lOE-05 1.77E-04
Pa-23 I 4.26E-04 3.23E-04 2.68E-03 7.90E-05 1.17E-02 703E-05 8.27E-05 1.16E-04
Th-232 2.100-07 6AOE-05 l.87E-02 2A9E-04 l.32E-03 8.16E-05 6A8E-05 l.20E-04
U-232 4.19E-06 5.14E-05 1.08E-02 l.2lE-04 5A4E-03 4A5E-05 3.58E-05 l.30E-04
U-233 2.57E-04 6.6lE-04 4.58E-02 5.12E-04 3.79E-02 1.96E-04 5.20E-04 5AlE-04
U-234 l.82E-04 4.52E-04 8A8E-03 3.68E-04 205E-02 6.56E-05 4.2lE-04 3.77E-04
U-235 7.19E-06 1.68E-05 3.36E-04 U8E-05 7.9lE-04 2.66E-06 l.7lE-05 IA7E-05
U-236 l.23E-05 2.58E-05 2.73E-04 1.03E-05 9.3lE-04 2.35E-06 2.0lE-05 2.35E-05
Np-237 3.6lE-04 7.93E-03 806E-OI l.76E-03 8.68E-02 l.80E-02 6.9lE-03 1.78E-03
Pu-238 1.98E-04 4. 89E-03 l.37E-02 6.77E-03 2.14E-OI 5. I 8E-04 l.38E-02 8.67E-04
U-238 IA3E-04 3AOE-04 7.55E-03 3.77E-04 l.73E-02 5.83E-05 3.58E-04 2.92E-04
Pu-239 2.72E-03 6.75E-02 5.26E-OI 4.92E-02 1.12E+00 1.02E-02 UOE-OI I AOE-02
Pu-240 7.llE-04 U8E-02 8.9lE-02 8.29E-03 1.90E-OI 202E-03 3.99E-02 2.66E-03
Am-241 4.50E-02 2.23E-02 2.96E+00 2AlE-OI 3A5E+00 7.62E-02 2.62E-02 6.60E-02
Pu-241 l.25E-02 3.27E-OI 6.32E-OI 600E-02 l.29E+00 303E-02 9.77E-OI 3.36E-02
Cm-242 8.93E-05 3.74E-05 9.50E-03 7.87E-04 l.26E-02 2.99E-04 3.22E-05 1.99E-04
Pu-242 7.52E-08 1.6lE-06 5A3E-06 5.32E-07 1.10E-05 l.83E-07 4.69E-06 2.52E-07
Am-243 302E-05 U8E-06 1.08E-04 8.94E-06 IA3E-04 2.89E-06 4A4E-06 2.55E-06
Cm-243 4.93E-06 4.93E-05 1.22E-03 5.55E-04 4.lOE-02 5.03E-05 l.86E-05 4.38E-05
Cm-244 1.100-04 1.1lE-03 1.77E-02 l.2lE-02 9.59E-OI 8.63E-04 405E-04 7.38E-04
H-3 l.78E-OI UOE+OO l.83E+OI 1.09E+00 2A3E+00 2.60E-OI IA5E+00 4.38E-0l
Ni-59 U5E-03 4.77E-02 5.30E-OI l.76E-02 1.92E+OO 1.12E-02 2.70E-02 3.97E-02
Co-60 3.llE-03 205E-OI 6.36E+00 3.36E-OI 1.13E+OI 2.55E-OI 3.18E-OI IAlE-OI
Ni-63 IA3E-OI 4.37E+00 4.92E+OI 1.63E+00 l.76E+02 1.04E+00 2A8E+00 3.28E+00
Se-79 2.90E-02 2.68E-02 2.92E+00 4A9E-02 l.20E+00 7.70E-02 306E-02 4A2E-02
Sr-90 3.67E+OI 3.17E+OI 6.57E+02 7.53E+0l 2.36E+03 6.34E+OI 608E+OI 3.56E+OI
Y-90 3.67E+OI 3.17E+OI 6.57E+02 7.53E+0l 2.36E+03 6.34E+OI 608E+OI 3.56E+OI
Nb-93m 1.14E-OI 5.12E-OI l.24E+OI 2AOE-OI 1.65E+OI 205E-OI 5.60E-OI 3.86E-OI
Zr-93 7.85E-02 6.65E-OI IA4E+OI 2.9lE-OI 1.97E+OI 2.28E-OI 8A8E-OI 4.6lE-OI
Tc-99 7.19E+00 5.76E+00 2.76E+02 7.71E+00 2. 82E+02 7. 86E+00 708E+00 5.39E+00

Total l.88E+04 2. 13E+04 803E+05 1.66E+04 6A9E+05 l.88E+04 4.30E+04 IA4E+04
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Table 2 - Activity (Ci) of Radioactive Material in Cs Product Tank

Supply Tank Designation
Radionuclide 241-AN- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP-

104 101 102 103 104 105 107 108
Ru-106
Cd-113m
Sb-125
Sn-126
1-129
Cs-134 4.32E-02 l.70E+OO 3.01E-OI 3.93E-02 3.65E+OO 5.57E+OO 5.05E+OO l.24E-OI
Cs-137 805E+03 I08E+04 408E+05 8.36E+03 3.25E+05 4.33E+05 2.19E+04 7.21E+03
Ba-137m 7.60E+03 I02E+04 3.85E+05 7. 89E+03 307E+05 409E+05 207E+04 6. 81E+03
C-14
Sm-151
Eu-152
Eu-154
Eu-155
Ra-226
Ac-227
Ra-228
Th-229
Pa-23 I
Th-232
U-232
U-233
U-234
U-235
U-236
Np-237
Pu-238
U-238
Pu-239
Pu-240
Am-241
Pu-241
Cm-242
Pu-242
Am-243
Cm-243
Cm-244
H-3
Ni-59
Co-60
Ni-63
Se-79
Sr-90
Y-90
Nb-93m
Zr-93
Tc-99
Total l.57E+04 209E+04 7.93E+05 163E+04 6.32E+05 8A2E+05 4.26E+04 I AOE+04
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The volume used in computing the activity in the various tanks was taken as 80% ofthe listed process
sizing volume given on the latest spreadsheet. This was the same approach for all processes. The CSSX
tanks volume have changed due to a change in the number of contactors. The changes are reflected in the
tables below. The

Ta ble 3 -Tank Volumes

Tank
Process Sizing 80·/. ofProcess Sizing
(gal) Gallons Liters

Feed Receipt Tank 11,500 9,200 34,826
Cs Product Tank 7,500 6.000 22,710
LAW Product Tank 45000 36000 136260

Table 4 - CSSX Chemical MAR Based on Chemical Storage

Chemical Volume
Bulk NaOH, 50 wt% 12,500 gal
0.01 MNaOH 1,000 gal
BulkHN03 55 gal drum
0.05MHN03 1,000 gal
0.001 MHN~ 1400 gal
Bulk NaN02 , 20 wt% 165 gal
Organic 550 gal
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Assessment Summary Form (CSSX-1.1.2)

Technology:
Criteria:
Measure:
Definition:

Caustic-side solvent extraction (CSSX)
Safety - 1.0
Process Safety - 1.1
Concentration of radiological and chemical MAR - 1.1.2

Assessment Scope: Evaluate the concentration of radiological (unit liter dose) and chemical (unit sum of
fractions) material at risk (MAR), which is the amount of material available to be acted on by a given
physical stress.

Conditions: A radioactive waste feed stream is supplied to the CSSX process through one oftwo
potential filtration processes. A series of chemical interactions occur throughout the CSSX process that
determines the state and concentration ofthe material at risk at any given time.

The CSSX process uses nitic acid, sodium hydroxide, and sodium nitrite at various phases in the process.
Dilute nitric acid is used in the scrubbing process to remove Na and K impurities from the extract, and
again in the stripping process to cause the transfer of cesium from the organic phase to the aqueos phase.
Sodium hydroxide and sodium nitrite are used in the process of chemically adjusting the cesium laden
aqueous stream to tank farms acceptance specifications. A dilute caustic solution is used in the washing
operation, which removes trace impurities that are the result of organic degradation

In addition to the aforementioned chemicals, the CSSX process uses a four component organic mixture to
facilitate the cesium extraction process. An aqueous feed stream is mixed with the organic solvent, which
is immiscible with the aqueous phase, to cause the transfer of cesium from the aqueous stream to the
organic stream.

None

References:
1. Caustic Side Solvent Extraction Process Flow Diagram, RPP-RPT-37551, Draft A ("Interim

Pretreatment System Pre-conceptual Candidate Technology Descriptions")
2. RPP-8369, Rev. 2, Chemical Source Termsfor Tank Farms Safety Analyses
3. Density tables found on http://www.chembuddy.com/?left~CASC&right~densitvtables
4. Subcommittee on Consequence Assessment and Protective Actions (SCAPA) website at

http://orise.orau.gov/emi/scapa/default.htm
5. ICRP 68, Dose Coefficients for Intakes ofRadionuclides by Workers

Attachments:
Table 1 - Unit liter dose values for CSSX
Table 2 - Chemical material at risk concentration derivations and corn arison to TEEL-3 limits
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Assessment Summary: The highest unit liter dose (ULD) values are realized in the waste stream exiting
the stripping contactors, which contains cesium in an aqueous phase. An approximate 40% reduction in
the ULD values is noted between the stripped waste stream and the cesium product returned to the DSTs.

The maximum ULD value for the cesium product returned to the DSTs is lower than that for Fractional
Crystallization, but higher than that ofIon Exchange. Relatively speaking, there are insignificant
differences among the three cesium separation processes with respect to the ULD values for the LAW to
WTP product stream.

Chemically, the highest concentration/TEEL ratio (1.53xl07
) was calculated for 50 wt% NaOH. The

ratios and sum of fractions are within the bounds of similar chemical analyses performed for tanks in the
tank farms with respect to evaluation oftoxicity.

Prepared by: Douglas B. Teachout

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Table 1 - Unit Liter Dose for CSSX Technology

Waste Stream

Tank
Concentrate

Feed
LAW to Extraction Strip

CstoDST
toDST WTP Concentrate Solution

(Stream 2) (Stream 3) (Stream 7) (Stream 8) (Stream 14) (Stream 16)
AN-I04 48.7 48.7 1.3 139.2 466.7 279.6
AP-I0l 82.8 82.8 3.3 64.9 211.2 128.1
AP-I02 63.2 63.2 1.7 72.0 241.4 144.6
AP-I03 72.4 72.4 5.8 56.1 188.1 112.7
AP-I04 53.6 53.6 3.1 45.6 155.0 92.3
AP-I05 73.5 73.5 2.8 80.8 271.1 162.4
AP-I07 167.7 167.7 6.7 249.9 739.4 465.2
AP-I08 56.4 56.4 2.2 32.5 112.2 66.4

Temporary Emergency Exposure Limits (TEELs) were used for the short-term chemical concentration
limits; specifically, consideration was given to TEEL-3 values. The TEEL is the maximum concentration
in air below which it is believed nearly all individuals could be exposed without experiencing or
developing life-threatening health effects.

The concentration for the chemicals of interest (concern) are determined and compared to limits
established as federal guidelines. Ratios ofthe concentration to TEEL guideline limit are then summed to
determine the sum of fractions per the following expression:

C
Sum of fractions = L '

, TEEL,

Constants

gm
AWNa:~ 22.98976928

mol

gm
AWO:~ 15.9994

mol

gm
AWH:~1.00794

mol

gm
PNaOH 50 wt%:~ 1.5290-

- - mL

gm
AWN:~ 14.006/

mol

gm
PNaN02 20 wt'X :~ 2.2·-, ml

gm
MWNaOH~ 39.997

mol

gm
MWNaN02~ 68.995-"

mol

gm
MWHN03~ 63.013

mol
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O.OlMNaOH

mol
MO.01 M NaOH:~ 0.01·-

- - L

ConcO.Ol
5 mg

M NaOH~ 4x 10 
3

m

Moles NaOH ~ I.2Smol

50wt%NaOH
[Assume 100 g solution]
50 wt% NaOH implies that the solution contains 50 g NaOH per 100 g of solution. The volume of
solution, in liters, can be derived using density tables for certain reagents in solutions based on weight
percent. The weight percent can then be used to develop Molarity ofthe solution and, subsequently, the
concentration of NaOH that will be compared to the TEEL-3 limit.

S().gm
Moles NaOH :~ -==:.

MWNaOH

(lOCj;m)
Vsolution := ----'--"--'--

PNaOH 50 wt%

Moles NaOH
M SO wt% NaOH:~ ---=-=::

Vsolution

Vsolution ~ 0.06S4L

mol
M SO wt% NaOH~ 19.114-

- - L

ConcSO wt% NaOH:~MSO wt% NaOHMWNaOH
- - --

0.001 MHNO,

8 mg
ConcSO wt% NaOH ~ 7.64Sx 10 -

- - 3
m

0.05MHNO,

mol
M O.OS M HN03:~ 0.05-

- - L

ConcO.OOI
4mg

M HN03~ 6.301 x 10 
3

m
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20 wt·l. NaNO,
[Assume 100 g solution]

20 wt% NaN02 implies that the solution contains 20 g NaN02 per 100 g of solution. The volume of
solution, in liters, can be derived using density tables for certain reagents in solutions based on weight
percent. The weight percent can then be used to develop Molarity ofthe solution and, subsequently, the
concentration of NaN02 that will be compared to the TEEL-3 limit.

20·gm
MolesNaN02:~--""-

MWNaN02

100gm
Vsolution NaN02:~ --::..:...:="----

- PNaN02 20 wt%

MolesNaN02
M20 wt% NaN02:~------

- - Vsolution NaN02

Moles NaN02 ~ 0.29mol

Vsolution NaN02 ~ 0.045L

mol
M20 wt% NaN02 ~ 6.377-

- - L

Conc20 wt% NaN02:~M20 wt% NaNOZ MWNaN02
- - --

8 mg
Conc20 wt% NaN02~ 4.4x 10 -

- - 3
m

Table 2. CSSX Chemical Concentrations with TEEL-3 Guidelines

Cone. TEEL-3 Conc.lTEEL- Percent of
Total

Chemical CASRN
(mg/m') (mg/m) 3 Fraction SOF

Percent
SOF

20wt%NaN02
7632-00-0 4.40E+08 60 7.33E+06 32.20% 32.20%

0.01 MNaOH 1310-73-2 4.00E+05 50 8.00E+03 0.04% 32.24%

50wt%NaOH 1310-73-2 7.65E+08 50 l.53E+07 67.19% 99.42%

0.001 MHN03 7697-37-2 6.30E+04 237 2.66E+02 0.00% 99.43%

0.05MHN03 7697-37-2 3.15E+06 237 l.33E+04 0.06% 99.48%

Isopar-L 64742-48-9 6.14E+08 7500 8.19E+04 0.36% 99.84%

TOA 1116-76-3 1.14E+06 400 2.86E+03 0.01% 99.86%

BoBCalix ----- 8.18E+06 250 3.27E+04 0.14% 100.00%

Totals

Notes: SOF ~ Sum of Fractions
CAS ~ Chemical Abstracts Service Registry Number
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Assessment Summary Form (CSSX-1.1.3)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Safety - 1.0
Process Safety - 1.1
Dispersability of the MAR - 1.1.3

Assessment Scope: The scope ofthe assessment is determination ofthe dispersability of radiological and
chemical material at risk (MAR) with particular attention given to the physical form ofthe MAR.

Conditions: Qualitative evaluation ofthe form ofthe MAR during the solvent extraction process (i.e.,
extraction, scrubbing, stripping, and washing operations).

Other Considerations: The MAR in the organic stream following passage through the extraction
contractors is in a more reactive medium under the right conditions and that could become a factor in the
event of a process upset.

I

References: None

Attachments: None

Assessment Summary: Throughout the solvent extraction process the radiological MAR remains in a
liquid phase, either as an aqueous stream or an organic stream. The MAR is returned to the DST as an
aqueous stream.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Assessment Summary Form (CSSX-1.1.4)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction (CSSX)
Safety - 1.0
Process Safety - 1.1
Dispersive energy - 1.1.4

Assessment Scope: The scope ofthis assessment is focused on evaluating the dispersive energy inherent
in process parameters (e.g., heat, off gassing, pressure). Focus will be placed on interally initiated events
and process-initiated events only. Consideration may be given to parametric factors such as temperature,
flow rate, pressure, kinetic energy, etc.

Conditions: Evaluated components for contribution to any dispersion energy and included the evaluation
in the attached table.

References: WSRC-TR-2006-00083, Rev. 0, Flash Point ofCSSX Solvent

Attachments: Table 1 - Evaluation of Dispersion Energy

Assessment Summary: The CSSX process includes components with predictable contributions to
dispersive energy. Unique to the CSSX process is the presence ofthe organic solvent that has the
potential to off-gas, which would result in a pressure transient.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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I I • I ~

Background Information
DOE-HDBK-301 0-94, Airborne Release Fractions/Rates and Respirable Fractions for Nonreactor
Nuclear Facilities, provides a compendium of analyses and experimental data from which airborne
release fractions (ARFs) and respirable fractions (RFs) may be derived. The purpose ofthese values is
to provide a method to determine quantities of radioactive material driven airborne for the purpose of
estimating the scope of potential release spectrum and potential downwind consequences from a given
facility or activity. Dispersive energy and the sources ofthis energy have a key role in determining the
values to be used from the handbook.

Energv Source Evaluation
Rotational Feed pump (10 gpm) The rotational motion ofthe pumps in the CSSX
Kinetic Energy LAW product pumps (100 process first converts the energy of the prime mover

gpm) into velocity or kinetic energy and then into pressure
Cs product pumps (100 gpm) energy ofthe fluid being pumped. Pressure energy
Stripping feed pump (10 developed by this process acts as the dispersive
gpm) energy for the material at risk in the system.
Solvent hold pump (10 gpm)
Centrifugal contactors The contactors function to disengage two

immiscible liquids in the separating zone of the
rotor and force them into separate collector rings
near the top ofthe contactor housing. Liquids
continue through the process via gravity drain,
which implies zero pressure energy in movement of
the liquids.

Reactive Chemicals present in the These chemicals are used in various steps of the
Chemical CSSX process. solvent extraction process, primarily for component
Energy NaOH cleaning purposes but sometimes as part of the

RNO, actual process (e.g., RN03 used in the stripping
NaN02 process to transfer most ofthe Cs ions from an

organic to aqueous phase).

Reactivity ranges from moderate to extreme for
these chemicals when in contact with other
materials or chemicals. Chemical reactions
resulting in process upsets are capable of dispersing
material at risk present in the process.
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Thermal Solvent The CSSX solvent contains four components, one of
Potential Energy which is Isopar L. This component ofthe solvent is

volatile and combustible with a flash point of 144"F.
Mixing with other components will raise the flash
point and research has shown the CSSX solvent to
have a flash point of 148'F. The relatively low flash
point presents the potential for thermal transients.

Thermal Energy Heat Exchangers Heat exchangers are incorporated into the system
design to maintain solvent temperature and feed
temperature at an optimum 25'C. This temperature
is maintained for operational efficiency rather than
safety or protection.

Potential Energy Tanks and Vessels Potential energy can be converted to dispersion
- Gravitational energy in the form free-fall spills, sprays, etc. A

component leak or rupture would be required to
permit liquid to escape to form an atmospheric
dispersion.

Other Solvent The presence of an organic solvent creates the
potential for off-gassing, hence an additional
dispersive energy to be evaluated further.
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Assessment Summary Form (CSSX-1.1.5)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Safety - 1.0
Process Safety 1.1
Process Stability - 1.1.5

Assessment Scope:

The scope ofthe assessment includes evaluation ofthe inherent process stability including the proposed
process control system, method of shutdown, and ease of shutdown. Rapid response to a safe shut down
configuration is the desired end state.

Conditions: The CSSX process operates under at a slight pressure and 25 C. This is a continuous
process is shutdown and startups are complicated. A normal shutdown would be accomplished over
several hours including feeding decontaminated LAW back to the extraction system to allow the strip
section to remove the maximum Cs from the organic prior to draining it to the organic feed tank. If
needed an immediate shutdown would have Cs laden organic in the organic storage tank.

Other Considerations: SRP has a very similar process currently operating.

I R</.,=", Noo<

Attachments: None

Assessment Summary: The CSSX system can be rapidly shut down. Ifthe shut down is long term then
stripping the organic is recommended. The CSSX process is continuous and it can take some time to get
the process to steady state conditions.

Prepared by: GaIT Dunford

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (CSSX-1.1.6)

Technology:
Criteria:
Measure:
Definition:

Caustic-side solvent extraction
Safety - 1.0
Process Safety - 1.1
Process that does not create a new or exacerbate an existing Tank Farm hazard is
preferred to one that does - 1.1.6

Assessment Scope: The assessment evaluates potential accident initiators. Objectively, it is desired to
demonstrate that the technology does not create a new or exacerbate an existing Tank Farm hazard.

Conditions: The proposed technology was reviewed against the candidate accident scenarios and
underlying hazard evaluations.

References: RPP-13033, Tank Farm Documented Safety Analysis

Attachments: Table 1 - Evaluation ofImpact on Tank Farms Hazards

Assessment Summary: The CSSX process has the potential to impact hazards that would exacerbate
three ofthe representative candidate accident scenarios.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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The Tank Farms documented safety analysis (DSA) discusses the selection of representative accident
scenarios for hazard evaluation. Potential hazardous conditions were collected into candidate accident
groups sharing similar accident phenomenology. With the candidate accident scenarios defined, accident
scenarios were developed representative ofthe characteristics of each candidate accident phenomena.
Reevaluation ofthe scenarios was performed, subsequent to development, to determine if each candidate
accident was unique for all other candidate accidents. Candidate accidents wee then combined to form
the final set of representative accidents.

Candidate accidents that were grouped into a representative accident and a brief description ofthe hazard
associated with each include:
• Flammable gas accidents: includes deflagrations initiated by the ignition of flammable gases in the

headspace of a DST/SST.
• Nuclear criticality: includes assessment of fissile material and the favorability ofthe geometry to

result in a criticality.
• Vacuum exhaust line rupture: release of waste aerosols to the atmosphere resulting from a rupture

ofthe vacuum exhaust line during vacuum retrieval operations.
• Release from contaminated facility: flammable gas deflagration in a waste transfer-associated

structure that results in an uncontrolled release of radioactive and other hazardous material.
• Tank failure due to excessive loads: waste tank dome failure caused by excessive concentrated or

uniform load external to the tank, load drop, and internal loads caused by waste storage.
• Above ground structure failure: encompasses drops of contaminated equipment (e.g., the dropping

of a contaminated pump as it is being withdrawn from a tank with subsequent release from the pump)
and other releases from contaminated above ground structures (e.g., waste leaking from a pump as it
is removed from a tank, a crane load drop onto a HEPA filter housing, or a facility collapse caused by
aging or natural phenomena.

• Mixing of incompatible materials: initiated by the addition of an incompatible material with tank
waste resulting in the release oftoxic components.

• Waste transfer leak: encompasses all waste transfer-related leaks; two candidate leak scenarios
were selected as most representative, a fine spray leak and a large pipe break into a pit.

• Unplanned excavation I drilling: accident initiated by accidentally excavating or drilling into an
active or inactive liquid disposal site (e.g., crib, ditch, or pond), an unplanned release site, or an
underground waste tank contaminated plume column in the 200 Area.

Evaluation oflmpact on Tank Farms Hazards

Tank Farms Representative Potential to Impact on Accident I Hazard
Accident Scenarios CFF RMF CSSX FC IX-SRF
Flammable Gas Accidents No No No No Yes

Nuclear Criticality No No No No No

Vacuum Exhaust Line Rupture No No No No No

Release from Contaminated Facility No No Yes No Yes

Tank Failure Due to Excessive Loads No Yes No No No

Above Ground Structure Failure Yes Yes Yes Yes Yes

Mixing ofincompatible Materials Yes Yes Yes No Yes

Waste Transfer Leak Yes Yes No No No

Unplanned Excavation I Drilling No No No No No
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Release from contaminatedfacility: the caustic side solvent extraction (CSSX) process uses a four
component organic mixture to extract cesium from the aqueous feed. ISOPAR L is the main organic (by
weight/volume) and has a flash point of G2'C and NFPA flammability harard of 2 (flashpoint below 200'
F). This accident group is based on a flammable gas deflagration in a waste transfer-associated structure
that results in an uncontrolled release of radioactive and other hazardous material. Therefore, there is
potential for the CSSX to exacerbate the release from a contaminated facility due to a deflagration event.

Above ground structure failure: performing maintenance on equipment creates a potential to drop
equipment that subsequently both damages the component or another system component and results in a
radioactive release.

Mixing of incompatible materials: the CSSX process uses nitic acid and sodium hydroxide. Additionally,
CSSX uses a four component organic mixture from which trace amounts will be lost in the product and
waste streams. Evaluation of controls to prevent introduction ofthese chemicals / compounds into the
waste tank(s). Introduction of such incompatible materials with tank waste could exacerbate the existing
Tank Farms hazards.
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Assessment Summary Form (CSSX-1.1.7)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction (CSSX)
Safety - 1.0
Process Safety - 1.1
Less fire hazard - 1.1.7

Assessment Scope: Evaluation ofthe combustible loading inherent to the technology. This includes, but
is not limited to, the presence of combustible materials, the production of flammable gas, or flammable
by-products.

Conditions: Normal operation ofthe CSSX cesium separation system makes use of a four part organic
solvent that is selective for cesium removal from an alkaline solution. The solvent consists of an
extractant dissolved in an inert hydrocarbon matrix (Isopar L). ISOPAR L has has a low flash point
(62'C), which gives it a NFPA flammability harard of2.
The initial phase ofthe CSSX process brings the aqueous feed stream in contact with the organic solvent,
which is stored in a 350 gallon Solvent Hold Tank. ISOPAR L is the main organic (by weight/volume) of
the solvent; therefore, the majority ofthe contents in the hold tank.

Other Considerations: Administrative controls would be required to maintain separation of chemicals
(e.g., RNO, and NaOH) used in this process. Likewise, the suppressant, trioctylamine (TOA), used in the
stripping section ofthe system is by itself incompatable with a strong acid/oxidizer. Control ofthese
materials would be necessary to prevent unwanted reactions with thermal consequences.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.3

MSDS Sheets

Attachments: None

Assessment Summary: The CSSX process uses a thermally sensitive organic component in the solvent
and uses chemicals requiring administrative management to prevent mixing. Fire hazards and associated
analysis would be required for implementation ofthe CSSX process.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Assessment Summary Form (CSSX-1.1.8)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Safety - 1.0
Process Safety - 1.1
Reactive Chemicals - 1.1.8

Assessment Scope: Evaluate the overall process for the presence of reactive chemicals. This evaluation
will include the potential for reactive chemical combination during the process cycle.

Conditions: The caustic-side solvent extraction (CSSX) process uses nitric acid and sodium hydroxide.
CSSX also uses a four-component organic mixture from which trace amounts will be lost in the product
and waste streams. Nitric acid will react with caustic streams and the waste, therefore separation of
streams flushes and dilute rinse are required between process steps.

The organics used have been evaluated for operations/reactions and is currently in use in the MCV
process at SRP. ISOPAR L is the main organic (by weight/volume) it has a flash point of 62 C is NFPA
flammability harard of 2, but has a 0 reactivity hazard. The Calix 4 has a reactivity of 1 while the tri
normal-octylaimne (TOA) has an instability rating of o. The TOA by itself is incompatable with strong
acid/oxidizer. However, both ofthese chemicals are used in low concentrations

Other Considerations: The TF-DSA currently prohibits additions/handling of bulk chemicals like nitric
acid in the tank farms as an admin control. Did not find an MSDS for the fourth organic.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.3

MSDS for the three organics,

Attachments: None

Assessment Summary: Separation of chemicals in storage and use is required to safely operation the
CSSX process. Nitric acid is the main chemical of concern. While the chemical reactivity is "new" to
tank farms the use of acid in processing waste is common and has been evaluated for other sites/facilities.
The organics based on available MSDSs are fairly non-reactive.

Prepared by: GaIT Dunford

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (CSSX-1.2.1)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Safety - 1.0
Criticality Safety - 1.2
A Process that is inherently subcritical is preferred over a process that relies on criticality
controls - 1.2.1

Assessment Scope:
Sub-bullets for this definition are:

+ Does the process have less than the minimum critical mass?
+ Does the process alter the form and distmbution ofthe IF waste

Conditions: The CSSX process does not accumulate fissile material. The hold up in the system based on
supernatant concentration is well below the minimum critical mass and approaches 15 grams (fissile
exempt) per the attached table (grams of 239pU in each full feed batch). The process does not alter IF
waste/solids such that the criticality analysis is impacted (e.g. no accumulation ofPu in the organic
phase).

Other Considerations: The CSSX process does use nitric acid. The TF DSA does have a restriction on
bulk chemical and this would have to be evaluated during design. However, even a significant spill of
acid or acid return to the tank would not impact the criticality analysis; due to the capacity ofthe liquid to
neutralize the acid before it dissolve neutron absorbers in the sludge.

References: TF DSA

Attachments: Table 1 - 239pU content in feed vectors

Assessment Summary: The process is sub-critical under normal and offnormal conditions; a criticality is
not credible because the fissile mass is too low. This process does not change the result ofthe TF DSA
evaluation.

Prepared by: GaIT Dunford

Reviewed by: ---"P~.-"S"-.-"S"'ch"'a"'u"'s'---- _
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AN-I04
AP-IOI
AP-I02
AP-I03
AP-I04
AP-I05
AP-I07
AP-I08
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Table 1- Pu-239 Content of Feed Vectors

Isotope Ci/hr to Cs Sep Total Ci Total Grams
239Pu 4.94E-05 3.46E-Ol 5.58E+OO
239Pu 1.47E-03 l.03E+Ol 1.66E+02
239Pu 2.07E-04 1.45E+OO 2.34E+Ol
239Pu 8.87E-04 6.22E+OO l.OOE+02
239Pu 4.66E-04 3.27E+OO 5.27E+Ol
239Pu 1.93E-04 l.35E+OO 2.19E+Ol
239Pu 3.54E-03 2.48E+Ol 4.01E+02
239Pu 2.48E-04 1.74E+OO 2.81E+Ol

Total values are in the complete tank/feed vector to be processed
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Assessment Summary Form (CSSX-1.3.1)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction (CSSX)
Safety - 1.0
Industrial Safety and Hygiene - 1.3
Less hazards/less severe hazardous is better - 1.3.1

Assessment Scope: Evaluate the technology flow sheet and layout to identifY potential hazards to
personnel including: walking/elevated working surfaces, access/egress, temperature/pressure extremes,
ergonomic hazards, and atmospheric hazardous/industrial hygiene sampling.

Conditions: The Caustic Side Solvent Extraction (CSSX) equipment will be located in a below-grade
facility. Thus, access and egress is only from above and would be considered a confined space entry into
a radiation zone (once operations begin). Several chemicals are added during processing that would
require storing and mixing: an organic solvent, sodium hydroxide (NaOH), nitric acid (RNO,), and
sodium nitrite (NaN02 ) (RPP-RPT-30160 §A.2.7). Chemical tanks and drum storage are located on
grade. There is a series of centrifugal contactors (for extraction, scrubbing, washing and stripping), two
heat exchangers and approximately seven transfer pumps that could be hazardous to personnel. Routine
process sampling is performed in a dedicated remote sample room located on-grade.

Other Considerations: Cesium separation facility layouts do not have enough detail to identifY
ergonomic hazards at this time but it is assumed that final equipment layout would maximize accessibility
by maintenance personnel to the extent possible.

References: RPP-RPT-30160, 2006, Supporting Information For The Evaluation Of Waste Treatment
And Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

CSSX Plan Cross Flow Draft, pdf dated 5/15/08

Attachments: None

Assessment Summary:
• CSSX equipment located below-grade in confined space radiation zone

• Chemicals added include organic solvent, NaOH, RNO" and NaN02 (chemical storage on-grade)

• CSSX equipment includes 4 centrifugal contactors, 2 heat exchangers and 7 transfer pumps

• Routine process sampling is performed in a dedicated remote sample room located on-grade

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: --"P~.-"S,,-."'S"'ch"a"'u"'s'--- _
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Assessment Summary Form (CSSX-2.1.1)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Regulatory/Stakeholder Acceptance - 2.0
Achieve Tribal Nations/Stakeholder's Acceptance - 2.1
Early waste treatment enabled - 2.1.1

Assessment Scope: Can the technology be ready by the target start date? This includes completion of
testing, design, construction, permitting, and operational readiness review. (Only technology dependent
issues will be considered.)

Conditions: Construction and operational readiness are theoretically possible within the timeframe
necessary to make early pretreatment viable. The mission support schedule scenarios support Tank Farm
pretreatment operation prior to the target start date. (RPP-RPT-30160 §5.3.2.1 and 5.3.2.2) See
Assessments PROG-5.2.3 for programmatic permitting risks.
From a regulatory/permitting perspective it is possible for all the necessary permits and compliance
documents to be completed within the timeframe necessary to make early pretreatment viable. The
elapsed time from permit application preparation to receipt of permit is highly variable. It is assumed that
a RCRA permit for a new TSD facility will require the most time - approximately 2 years. All schedules
assume a 2 year period to complete all necessary permits. (RPP-RPT-30160 §3.6.5.4)
Industry standards are adequate for all equipment; no special design or development is required for use at
the Hanford Site.

Other Considerations: Savannah River, in conjunction with Oak Ridge National Laboratory and
Argonne National Laboratory, has been developing the CSSX process. Laboratory-scale testing using
actual tank waste verified that the CSSX process could yield sufficient cesium removal that the
decontaminated waste was suitable for onsite disposal. The testing results culminated in taking the CSSX
process to a full-scale production facility. (RPP-PRT-30160, §A.2.7, and Table A-I)
CSSX has not been demonstrated with actual Hanford waste solutions. Additional testing and modeling
is required to verifY the suitability ofthe CSSX process for pretreating LAW solutions (RPP-PRT-30160,
§A.2.7).

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary: CSSX would require testing and modeling to verifY the suitability ofthe CSSX
process for pretreating LAW solutions.

Industry standards are adequate for all equipment so no special design or development is required.

Possible to complete permitting, construction and operational readiness for startup in by the target start
date.

Prepared by: Kim Sheldon, Vista Engineering

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-2.1.2)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Regulatory/Stakeholder Acceptance - 2.0
Achieve Tribal Nations/Stakeholder's Acceptance - 2.1
Land usage (more contaminated ground) - 2.1.2

Assessment Scope: Estimate the footprint ofthe facility including piping to/from the facility.

Conditions: Process equipment is generally located in underground, shielded vaults with removable
concrete beams as cover blocks; process support equipment will be located above grade (RPP-RPT
37551, §8.0). Process vault plus process building footprints have been calculated from the CSSX facility
site plans (RPP-RPT-37551, Table 6 - 46). CSSX with RMF is 6016f1:' while CSSX with CFF is 6628fr'.

Other Considerations: There are two possible site locations for the IPS Facility (see Site Evaluation
2E-08-11). Both sites passed the site evaluation; however, Site #1 is the preferred location. The footprint
ofthe transfer piping to/from the IPS Facility will vary depending upon which site is chosen (but
independent of cesium separation technology). Calculated facility area does not include areas such as
facility ventilation, support buildings, contingency expansion space, and parking that would be required
regardless oftechnology choice.

References: RPP-RPT-37551, 2008, Interim Pretreatment System Pre-conceptual Candidate Technology
Descriptions, CH2MHILL Hanford Group Inc., Richland, Washington.

Site Evaluation 2E-08-11 dated 4/30/08
Attachments: None.

Assessment Summary: Maximum CSSX process vault plus process building footprint is 6628 ft2

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-2.2.1)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Regulatory/Stakeholder Acceptance -2.0
Achieve regulators' acceptance - 2.2
Compliance with applicable regulations (RCRA, NEPA/SEPA, NESHAPS, NPDES,
CAA, DOE Orders) - 2.2.1

Assessment Scope: Has this technology previously been permitted for use? Are there factors related to
the use ofthis technology that would affect the permitting process?

Conditions: There is a base of information to support the permit application process based on use at SRS;
however additional testing and modeling with actual Hanford waste solutions will be required. For
schedule and planning purposes it is assumed that the permitting process will take 28 - 33 months for all
technology choices. CSSX has not been previously permitted for use on the Hanford Site.
RCRA - The Interim Pretreatment System and temporary tank storage units will constitute RCRA
treatment, storage, and disposal (TSD) units, and will require submittal of a Part B Permit Application
pursuant to WAC 173-303-806, and Ecology issuance of a final status RCRA Part B permit prior to
operation (WAC 173-303-840). (RPP-RPT-30160 §3.6.5.4)
CAA/NESHAPS - Three Notices of Construction (NOC) will be required for the LAW Pretreatment
System and temporary tank storage units: A radioactive air emissions NOC submitted to the State of
Washington Department ofHealth pursuant to WAC 246-247 and a non-radioactive NOC submitted to
Washington State Department of Ecology pursuant to WAC 173-400 and 460, with a copy provided to
US EPA. (RPP-RPT-30160 §3.6.5.4)
NEPA - It is assumed that IPS will be covered by the Tank Closure and Waste Management (TC&WM)
Environmental Impact Statement (expected 12/2009) and issuance of its Record ofDecision (expected
1/2010). Based on the ROD, an evaluation ofthe CSSX technology will need to be performed to
determine whether it is adequately covered or additional NEPA coverage is required (e.g., Environmental
Assessment). In the event that completion ofthe TC&WM-EIS is significantly delayed beyond its
expected completion date of 12/2009, an alternate NEPA option may be required, e.g., an Interim Action
Environmental Assessment.
SEPA - DOE needs to submit a SEPA Checklist along with the RCRA permitting documentation for the
proposed activities. Ecology will compare the impacts ofthe proposed activities to the analysis
performed in the applicable NEPA document and determine whether that analysis adequately addresses
the proposed activities. (RPP-RPT-30160 §3.7)
NPDES - Not aoolicable to this activity.

Other Considerations: State regulators have been amenable, in the past, to expediting the permit process
to accelerate cleanup (e.g., Integrated Disposal Facility).
Unless the NEPA evaluation determined that one ofthe technologies required an EA, while none ofthe
others did, regulatory compliance does not appear to be a discriminator.

Assumes a ROD on the TC&WM EIS is completed as expected (January 2010) so the rest ofthe
permitting effort can go forward.
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References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0
CH2MHILL Hanford Group Inc., Richland, Washington.

Tank Closure & Waste Management EIS, draft

Attachments: None

Assessment Summary:
• There is a base of information to support the pennit application process based on CSSX used at

SRS.

• CSSX has not been previously permitted for use on the Hanford Site, but there is no inherent
obstacle to prohibit obtaining a permit for this technology.

• Testing and modeling with actual Hanford waste solutions will be required.

• Assumes a ROD on the TC&WM EIS is completed, as currently expected, so that the rest ofthe

permitting effort can go forward.

Prepared by: Kim Sheldon, Vista Engineering
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Assessment Summary Form (CSSX-2.2.2)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Impact to Disposal System Performance - 2.2.2

Assessment Scope: Does the technology create an additional need for disposal of secondary waste? Is
the nature ofthe secondary waste such that constituents of potential concern (COPC) are mobilized that
increase long term storage risk?

Conditions: Items such as PPEs, HEPA filters, failed equipment, etc. are commonly disposed of during
Tank Farms operations. Current mass balance flowsheets for the cesium separation technologies do not
identifY COPC levels for the secondary wastes (i.e., spent CSSX organic solvent) (RPP-RPT-37551,
Table 6-36). Disposal activities would include sampling ofthe waste to ensure that Waste Acceptance
Criteria (WAC) is met.

Other Considerations: Technetium, iodine and chromium content (above the respective WAC) in the
secondary wastes could pose a problem during disposal activities and should be further investigated.

References: RPP-RPT-37551, May 2008, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions, Rev. A (Draft), CH2MHILL Hanford Group Inc., Richland,
Washington.

Attachments: None

Assessment Summary: Need to further investigate chemical compositions of secondary wastes for
COPCs, including technetium, iodine and chromium.

Prepared by: Carv Ervin, Vista Engineering
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Assessment Summary Form (CSSX-2.2.3)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Secondary Waste Fonn and Quantity - 2.2.3

Assessment Scope: IdentifY the nature ofwaste(s) that cannot be returned to the Tank Farms. Estimate
the quantity of each waste stream.

Conditions: A review ofthe CSSX Mass Balance Summary (RPP-RPT-37551, Tables 6-27 tbru 6-34)
did not identifY any secondary waste streams. However, approximately 680 to 1475 L (180 to 390
gallons) of spent liquid organic solvent will be removed not more than once per year (RPP-RPT-37551,
Table 6-36). This solvent will most likely be mixed with an absorbent in drums and disposed of at the
Hanford site solid waste facility (RPP-RPT-37551, §6.4). Gaseous effluents (process off-gassing) will be
routed through a two-stage HEPA filter prior to discharge. HEPA filters and their upstream pre-filters are
disposed of as LLW; it is assumed that these filters would need to be replaced at most once during the
facility's life cycle. Other secondary wastes ofunknown quantities that will need disposal include
personal protection equipment (PPEs), failed equipment and cleanup from any chemical spills. The
amount ofPPEs for disposal would be proportional to the number and frequency of planned entries into
contaminated areas (for maintenance, etc.). Failed equipment and chemical spills are off-nonnal
occurrences and difficult to estimate.

Other Considerations: It is assumed that the two-stage HEPA filtration ofprocess off-gassing will be
sufficient to meet clean air discharge standards.

References: RPP-RPT-37551, May 2008, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions, Rev. A (Draft), CH2MHILL Hanford Group Inc., Richland,
Washington.

Attachments: None

Assessment Summary:
• 680 to 1475 L (180 to 390 gallons) ofliquid organic solvent for disposal once per year

• Gaseous effluent will be HEPA filtered (2 stages) prior to release; assume one time replacement
of filters (HEPA and pre-filters) during facility life cycle

• Unknown quantity ofPPEs, failed equipment, and chemical spill cleanup for disposal

Prepared by: Carv Ervin, Vista Engineering
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Assessment Summary Form (CSSX-2.2.4)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction (CSSX)
Regulatory/ Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Potential impacts to other permitted facilities - 2.2.4

Assessment Scope: Evaluate the impact ofthe technology on the operations of other permitted facilities
on the Hanford Site. This includes any impacts to waste acceptance criteria (WAC), safety basis and
permit requirements.

Conditions:
LERF/ETF
Secondary liquid wastes are generated as a result ofthe Interim Pretreatment System (IPS) processing.
The IPS generates neutralized cesium eluate solution that must be managed within the DST system. No
secondary liquid wastes requiring ETF processing are generated as a result ofCSSX activities.
(See assessment CSSX-2.2.3)
WTP
Assuming certain plant modifications are completed, the current WTP Project commissioning approach
will support commissioning and operation ofthe IPS facility without the support ofthe Pretreatment
facility. It assumes that the required services from Balance of Facilities (BOF) and the WTP Laboratory
(LAW) are provided consistent with facilities being commissioned and operated. (RPP-RPT-30160
§3.5.2) The start of radioactive operations prior to completion ofWTP construction may impact
productivity ofthe construction work force. Due to the close proximity ofthe construction areas to
operating areas and potential for chemical or radiological releases affecting construction, additional
hazard controls may be required. (RPP-RPT-30160 §3.6.4)
Tank Farms and DST 242-A Evaporator
The modifications to the Tank Farms required to support IPS include waste transfer system modifications
and construction! installation of processing equipment. At this time it is undetermined whether permit
modifications will be necessary for existing operations or whether permits for the pretreatment process
will be sufficient for all interfaces. (RPP-RPT-30160 §3.5.1)
222-S Lab
At this time it is undetermined whether permit modifications will be necessary for existing operations due
to the increased volume of samples that will be sent to the lab as a result ofInterim Pretreatment.

Other Considerations: Assumptions include:
• Effluent production levels are within the capacity ofthe 242-A Evaporator and LERF/ETF

facilities to manage.

• All secondary solid waste is suitable for onsite disposal and will meet the current waste

acceptance criteria.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Attachments: None
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Assessment Summary:
• The safety basis impacts will need to be evaluated regardless ofthe technology combination that

is finally selected.

• The current WTP Project commissioning approach will support commissioning and operation of

the LAW processing facility, without the support ofthe Pretreatment facility.

• Evaluation needed to confirm secondary waste meets the waste acceptance criteria.

Prepared by: Kim Sheldon, Vista Engineering
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Assessment Summary Form (CSSX-3.1.1)

Technology:
Criteria:
Measure:
Definition:

Caustic Side Solvent Extraction
Technical Maturity/Flexibility - 3.0
Technology Readiness Level - 3.1
TRL Number - 3.1.1

Assessment Scope: Determine a Technology Readiness Level (TRL) number for the subject technology.

Conditions: Establish number on the assumption of status as of May 30,2008, consistent with guidance
in DOE Process Guide (DOE 2008).

Other Considerations: This technology was not evaluated as part ofthe Technology Readiness
Assessment performed by DOE (DOE 2007). To remain consistent with the other technology readiness
level evaluations, the same questions in DOE 2007 were used, evaluating technology, programmatic, and
manufacturing related questions, similar to questions for the IX-SRF process. Some questions were
modified in the issued Process Guide (DOE 2008), but are not significant to the conclusions ofthe DOE
2007 assessment. A TRL level was qualified if all questions in that level were concluded as "Yes."
Normal TRL assessment would list all relevant documentation results; however, the purpose ofthe IPS
workshop team was to use the assessment process for CSSX to establish a relative ranking comparable to
prior assessment results (DOE 2007) and thus only focused upon qualifYing "No" answers. The "Basis
for Completion" for Yes answers were thus not documented in the workshop.

References:
DOE 2007, Technology Readiness Assessment/or the Supplemental Treatment Program, DOE/ORP

2007-01, US DOE Office of River Protection, October 2007.
DOE 2008, Technology Readiness Assessment (TRA) / Technology Maturation Plan (TMP) Process

Guide, US DOE Office of Environmental Management, March 2008.

Attachments: Level 4 question summary, similar to ion exchange.

Assessment Summary: TRL ~ 3
TRL workshop with senior management personnel was conducted on May 13 -15, 2008 to evaluate the
CSSX technology consistent with the past DOE Assessment (DOE 2007). Personnel in the workshop
concluded that there were valid negative responses to the queries associated with TRL-4 such as to
conclude a TRL number of 3. TRL-4 query documentation is attached.

Prepared by: A. R. Tedeschi Date: May 23, 2008

Reviewed by: ---"P~.",S,-."'S"'ch"'a"'u"'s'- _
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TABLE I

"Technology Readiness Level 4 Summary for the "Caustic Side Solvent Extraction"

Criteria Criteria 2008 TRL Workshop Team Summary Basis for
Satisfied (numbers added consistent with DOE "No" Answers to "Criteria Satisfied"

YIN 2008) Using DOE 2007 Questions

N 1. Cross-technology issues (if any) have Actual/simulated wastes with proper potassium
been fully identified range concentrations not tested

Criterion in DOE 2008 was changed to
following question: "1. Key process
variable/parameters have been fully identified
and preliminary hazard evaluations have been
performed." Results would be "No" for this
question also since a preliminary hazard
evaluation has not yet been documented; this
would not affect the final conclusion ofthe
assessment since several "No's" have already
been identified.

Y 2. Laboratory components tested are N/A
surrogates for system components

Y 3. Individual components tested in N/A
laboratory/by supplier (contractor's
component acceptance testing)

Y 4. Subsystems composed of multiple N/A
components tested at laboratory scale
using simulants

Y 5. Modeling and simulation used to N/A
simulate some components and
interfaces between components

Y 6. Customer publishes requirements N/A
document Criterion in DOE 2008 was slightly reworded

to "Overall system requirements for end user's
application are known."

Y 7. Overall system requirements for end N/A
user's application are documented Criterion in DOE 2008 underlined the word

"documented," to distinguish it from question
#6 above.

Y 8. System performance metrics N/A
measuring requirements have been
established

Y 9. Laboratory testing requirements N/A
derived from system requirements are
established

Y 10. Available components assembled N/A
into laboratory-scale system
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TABLE 1
"Technology Readiness Level 4 Summary for the "Caustic Side Solvent Extraction"

Criteria Criteria 2008 TRL Workshop Team Summary Basis for
Satisfied (numbers added consistent with DOE "No" Answers to "Criteria Satisfied"
YIN 2008) Using DOE 2007 Questions

Y 11. Laboratory experiments with N/A
available components show that they
work together (laboratory kludge)

Y 12. Analysis completed to establish N/A
component compatibility

N 13. Science and technology exit criteria Same basis asfor Ion Exchange in (DOE 2007)
established

Y 14. Technology demonstrates basic N/A
functionality in simulated environment

Y 15. Scalable technology prototypes have N/A
been produced

N 16. Draft conceptual designs have been Same basis asfor Ion Exchange in (DOE 2007
documented - This question could be answered as "Yes"

considering the draft system descriptions,
process flow diagrams, material balance, and
arrangement drawings are being preparedjor
RPP-RPT-37551, but this document is not yet
released. This consistent interpretation will be
applied to all technologies, unless previously
documented as "Yes" (e.g., Fractional
Crystallization).

Y 17. Equipment scale-up relationships N/A
are understood/accounted for in
technology development program

Y 18. Controlled laboratory envirornnent N/A
used in testing

Y 19. Initial cost drivers identified N/A

Y 20. Integration studies have been started N/A

Y 21. Formal risk management program N/A
initiated

Y 22. Key manufacturing processes for N/A
equipment systems identified

Y 23. Scaling documents and designs of N/A
technology have been completed

Y 24. Key manufacturing processes N/A
assessed in laboratory

N 25. Functional work breakdown No formal CH2M HILL work breakdown
structure developed (functions structureformallyestablishedyet. Draft WBS
established) identified.

250



RPP-RPT-3774l, Rev 0

TABLE 1
"Technology Readiness Level 4 Summary for the "Caustic Side Solvent Extraction"

Criteria Criteria 2008 TRL Workshop Team Summary Basis for
Satisfied (numbers added consistent with DOE "No" Answers to "Criteria Satisfied"
YIN 2008) Using DOE 2007 Questions

Y 26. Low-fidelity technology "system" N/A
integration and engineering completed
in a laboratory envirornnent

Y 27. Mitigation strategies identified to N/A
address manufacturability/producibility
shortfalls

Y 33. (See Note) Technology availability N/A
dates established

Note: The final DOE Process Guide (DOE 2008) included additional questions (#28 - #32) from those
previously documented in 2007 DOE Assessment (DOE 2007). They are included below in Table 2 for
completeness with a short summary conclusion by the author (without documented evidence); they were
not evaluated by the TRL Workshop team. They would not affect the TRL # determination, since several
"No's" have already been identified.
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Criteria Criteria
Satisfied (numbers added consistent with DOE Conclusion
YIN 2008)

Y 28. Key physical and chemical Yes
properties have been characterized for a
range of wastes

N 29. A limited number of simulants have Simulants have notfully addressed K
been developed that approximate the concentrations.
range ofthe waste properties

Y 30. Laboratory-scale tests on a limited Yes
range of simulants and real waste have
been completed

Y 31. Process/parameterlimits and safety Limited safety issue being examinedfor
control strategies are being explored technology down-select, and control strategies

and/or limits are being exploredfor SRS
application.

Y 32. Test plan documents for Actual prototypical lab-scale test completed.
prototypical lab-scale tests completed
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Assessment Summary Form (CSSX 3.1.2)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction (CSSX)
Technical Maturity/Flexibility - 3.0
Technology Readiness Level - 3.1
Effort to mature technology (cost and schedule) - 3.1.2

Assessment Scope: Determine rough order of magnitude (ROM) cost and schedule for developing this
technology to technology readiness level (TRL) Level 6, allowing transition into final design (consistent
with DOE 2007). This effort covers testing for technology maturity only, i.e., development and
qualification testing. It does not include factory acceptance, construction acceptance, or operational
testing costs; these three project testing activities and all other project costs are covered by other
assessments. This is a ROM estimate for comparison purposes only; final estimates will be documented
in the Technical Maturation Plan.

Conditions: The base condition is established by TRL level 3, identified in same technology assessment
form TM-l.l. TRL 6 is defined in the DOE Process Guide (DOE 2008).

Other Considerations: The TRL number was defined by an adjunct senior management team using
similar protocols performed for the other technologies. Major scope for achieving TRL 6 was defined in
a TRL workshop of senior management May 13 -14, 2008.

References:
DOE 2008, Technology Readiness Assessment (TRA) / Technology Maturation Plan (TMP) Process

Guide, US DOE Office of Environmental Management, March 2008.

Attachments: None

Assessment Summary:
ROM Cost ~ $ 4.5 M
ROM Schedule ~ 36 months
Major scope:

10. Complete testing with a broader range of actual DST waste samples.

11. Determine impacts to Hanford tank storage and final vitrified product from chemical carryover

12. Perform additional simulant testing to better understand impacts of potassium and full range of

organIcs

13. Obtain additional data for aluminum solubility and validate against design assumptions

14. Determine/resolve potential foaming issues

Base Assumptions:
6. Laboratory unit is still available for radioactive sample testing

7. Additional simulant development work will be needed

8. A multiple unit will need assembled to test prototypical Hanford design for additional simulant

testing

Prepared by: A. R. Tedeschi

Reviewed by: --"P~.-"S,,-.-"S"'ch"a"'u"'s'--- _
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Assessment Summary Form (CSSX-3.1.3)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Technical Maturity/Flexibility - 3.0
Technology Readiness Level - 3.1
Probability of Success - 3.1.3

Assessment Scope: IdentifY technology maturation risks for the subject technology identified in the
technology description document (Draft CH2M HILL 2008), and from the technology readiness
assessment workshop, May 13 - 14, 2008.

Conditions: This is a subjective analysis of risk. Major risks will be identified and evaluated for the
following impacts to cost and schedule, resulting in the classic ranking. The following ranking table will
be used from the tank farm risk management procedure (CH2M HILL 2008), providing relative
Probability of Success binning as follows:
High Probability of Success: Worst case risk is Medium
Medium Probability of Success: Worst case risk is High
Low Probability of Success: Worst case risk is Very High

Risks will be listed in the Assessment Summary section. The worst case risk will be used as the final
qualifier for this assessment.

QUALITATIVE RISK VALUES

CONSEQUENCE

Very High
>$5M
>3 Mo

[3] Medium

High
>$1M <5M,

>1 Mo < 3Mos

[3] Marginal >0.4 to :0;0.6 [2] Low
[2] Unlikely >0.25 to .;0.4
[1] ery n ley «0.25)

[4] Likely >0.6 to ';.85 [2] Low

Very Low Low Medium
<$250K, >$250K <$500K, >$500K <$1 M,

F.P""R;.:O;:;B:::A,::B:;I;;L1~T.;,y,...,--=.,.---=+ ....",<,.,5.,;D;.;a;"y,;,S"...-I-_>.;.5..,Days <~2~W:k:S:t::>2=i!WkS < 1 Mo.
[5] Very Likely >.85 to 1.0 [3] Medium ill

Other Considerations: The technology readiness assessment workshop May 13 -14, 2008 gathered two
senior technical managers and multiple technical personnel to identifY risk items. The consequence and
probability values ofthese risk items (similarly for those items noted in the technology description) are
the determination ofthe author. This risk evaluation will only consider those risks associated with
technology development, and not include risks from design or operation.

References:
Draft - CH2M HILL 2008, May, T.H. et ai, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008
CH2M HILL 2008, RiskManagement, TFC-PRJ-PC-C-13, Rev B-6, April 2008, CH2M HILL Hanford

Group Inc., Richland, WA

Attachments: None
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Probability of Success ~ Medium
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(Worst Case Technology Maturation Risk is "High")

Risks identified in draft RPP-RPT-37551:
1. Waste foaming in the contactors may significantly constrain process throughput, as identifiedfrom
Savannah River Site MCU operation

Consequence: High
Probability: Marginal
Risk: High

Risks identified from technology readiness workshop May 13 - 14:
1. Carryover oforganics into Hanford waste and vitrified product may cause tankfarm storage, or
downstream processing or product incompatibilities.

Consequence: Very High
Probability: Very unlikely
Risk: Medium

2. Uncertainty offinal cesium separation through additional testing and modeling during technical
maturation may require significant model revision and/or additional tests.

Consequence: High
Probability: Unlikely
Risk: Medium

Prepared by: A. R. Tedeschi

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (CSSX-3.2.1)

Technology: Caustic side solvent extraction
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Ability to process a variety of feeds -3.2.1

Assessment Scope: Evaluate general flexibility of system to process tank farm input streams that
vary in critical characteristics.

Conditions: This is a subjective evaluation of current capability based upon existing
configuration information, past test results, and understanding of the unit operations. This effort
supports determination of the overall Technology Readiness Level. Critical input stream
characteristics include:

• Chemistry (material/concentration, etc.)

• Physical properties (temperature, density, viscosity, etc.)

Other Considerations: While some laboratory and engineering prototypical effort has been
performed, testing bounding all actual DST waste and simulants is not completed.

References:
CH2M HILL 2008, May, T. H. et aI, Project W-551, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008, CH2M
HILL Hanford Group Inc., Richland WA.

ORNL 2008, Moyer, B. A. et aI, Caustic Side Solvent-Extraction Modeling for Hanford Interim
Pretreatment System, ORNL/TM-2008/073, June 2008, Oak Ridge National Laboratory,
Oak Ridge, TN

Parsons 2008, Lentsch, R., Salt Waste Processing Facility Project Test Report: Caustic-Side
Solvent Extraction Full-Scale Test, P-RPT-J-0009, April 2008, Parsons, Aiken SC

Attachments: None

Assessment Summary: Chemistry: The CSSX process extraction efficiency is sensitive primarily
to potassium, based upon modeling and testing (ORNL 2008). Hanford tank waste selected for
IPS has high potassium concentrations. This interference is mitigated by additional contactors;
different solvents have also been proposed to reduce this sensitivity. Generally, extraction is also
sensitive to solvent stability. Conversely, Oak Ridge testing of various simulants found that
despite the variation of the concentrations of cesium, potassium, nitrate, and hydroxide, the
performance of the scrub and strip stages was essentially the same from simulant to stimulant.
Physical - Extraction efficiency and/or unit operation are sensitive to multiple factors affecting
stream physical properties: contactor rotational speed, flow rates, general hydraulic performance,
and stream temperatures (Parsons 2008).

Prepared by: A. R. Tedeschi
Reviewed by: -=P~.-"S'-'-'-"S"'c""h""au"'s"---- _
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Assessment Summary Form (CSSX-3.2.2)

Technology:
Criteria:
Measure:
Definition:

Caustic-side solvent extraction
Technical Maturity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Ability to adjust process rate - 3.2.2

Assessment Scope: Conclude general flexibility of system to handle varying process feed/output rate.

Conditions: This is a subjective evaluation ofthe ability to adjust the subject technology input feed rate
while maintaining stable technology operation, based upon existing configuration information, past test
results, and understanding ofthe unit operations. The technology shall be binned into the following
categories:
High Rate Flexibility ~ Can adjust process feed rate across wide range while having minimal effect on
operation.
Medium Rate Flexibility ~ Can only slightly adjust feed rates while maintaining stable operation.
Low Rate Flexibility ~ Slight feed rate adjustment will have high probability ofprocess upsets and
require significant effort to recover technology stability.

Other Considerations: All systems are operated by a similar pumping design. It is assumed that the
optimum design will be selected for feed rate control dependent upon the technology, i.e., valving,
pressure monitoring, automatic flow-control valves, and/or variable speed drives will be used as
appropriate. Since these support systems are extraneous to the technology, the specific feed control
scheme application will not be weighted - only the response ofthe technology to varying conditions.
Also, theoretically, process rate adjustment is a matter of design risk. Overcapacity could be designed
into the cesium separation system to handle rate fluctuations, by increasing the number of units. It is
assumed that the current pre-conceptual design as noted in the design description will be adequate to meet
soecified flow caoacities.

References:
Draft - CH2M HILL 2008, May, T. H. et ai, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008
ORNL 2008, Moyer, B. A. et ai, The Caustic Side Solvent Extraction Process for Cesium Removalfrom

Alkaline HLW; Improvements and Extension to Hanford Wastes, April 2008, Presentation to EM
21 Review Meeting April 22, 2008, Oak Ridge National Laboratory, Oak Ridge, TN

Attachments: None

Assessment Summary: Throughput Flexibility ~ Medium
While varied degrees of freedom exist through rotation speed control and chemical rate/addition, the
ability to adjust to varied process flow rates may need significant testing because of solvent sensitivity.
This technology relies upon chemical solvent reactions within the contactors. Testing this far has
identified sensitivity to the specific solvents, their flow rates, and the contact timing (resulting in the
number of contactors by design). This sensitivity requires additional testing to confirm the validity of the
defined solvents during rate changes, as compared with the other technologies' evaluations upon a more
clear! defined and understood hardware aeration.
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Uncertainty is shown in the recommended additional testing from prior CSSX test effort (ORNL 2008
slide 22):

~ "Improve synthesis ofBEHB, commercialize production
~ Detennine optimum suppressor (TOA or guanidine)

~ Detennine optimum solvent composition
~ Characterize distribution behavior and temperature dependence
~ Extend equilibrium model
~ Detennine limits ofthird-phase formation

~ Confirm thermal and radiation stability of new solvent system

~ Detennine hydraulic properties and physical properties
>- Demonstration in countercurrent equipment"

This uncertainty has the established this technology as adequate for design but requiring additional testing
and model runs for varied flow rates, thus defining a baseline binning as "Medium."

Prepared by: A. R. Tedeschi

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-3.2.3)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Technical Maturity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Flexibility to modifY product - 3.2.3

Assessment Scope: Determine technology design and process control flexibility.

Conditions: This is a subjective evaluation based upon the technology and applied process control ability.
The following binning is arbitrarily defined to establish flexibility based upon degrees of freedom of
technology choices and process control parameters.
High filtration product flexibility ~ > 12 degrees of freedom.
Medium filtration product flexibility ~ < 12 and> 5 degrees offreedom
Low filtration product flexibility ~ < 5 degree offreedom.

Other Considerations: The baseline 137 Cs concentration is assumed to be met by all three technologies.
All three technologies are also assumed to meet the maximum requirements for the other radionuclides
(BN! 2008).

References:
BN! 2008, Robert Hanson to S.A. Saunders, Early LAW Waste Receipt Criteria Revision, Memorandum,

CCN #155899, April 8, 2008, Bechtel National, Inc. Richland, WA.
Draft - CH2M HILL 2008, May, T.H. et aI, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Product Flexibility ~ Medium
Design and operating degrees of freedom ~ 10

20. Contactor size

21. Contactor rotation rate

22. Contactor weir placement

23. Number of contactors

24. Initial feed flow rate/pressure

25. Initial feed temperature

26. Extraction solvent chemistry

27. Stripping solvent chemistry

28. Scrub contactor chemistry

29. Wash solvent chemistry

Prepared by: A. R. Tedeschi

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-3.2.4)

Technology: Caustic Side Solvent Extraction
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Ability to expand - 3.2.4

Assessment Scope: Evaluate flexibility of system to handle additional waste volume

Conditions: This is a subjective evaluation of current capability based upon existing
configuration information, past test results, and understanding of the unit operations. This effort
supports determination of the overall Technology Readiness Level. Critical expansion
characteristics include:

• Ability of existing design to handle additional feed volumes

• Ability for installation of addition separation unit operations into existing footprint

Evaluation assumes this flexibility is based upon additional volume/mass only with all other
waste conditions remaining constant.

None.

References:
CH2M HILL 2008, May, T. H. et aI, Project W-551, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008, CH2M
HILL Hanford Group Inc., Richland WA.

Attachments: None

Assessment Summary: Contactor numbering (43 overall for extraction, stripping, scrub, and
wash) is based upon worst case feed application for cesium decontamination. Some flow rate
increases are possible, but the technology is highly sensitive to balanced feed and organic flow
rates.

Practical volume processing increases require resizing of the contactors or installation of parallel
processing lines. Size increase would have a limitation from contact kinetics, but only require
moderate footprint increase. Installation of a parallel line (most practical for expansion sizing)
would require significant footprint increase.

Prepared by: A. R. Tedeschi

Reviewed by: ...p~.-,S,,-.-'S"'c""h""au"'s"---- _
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Assessment Summary Form (CSSX-3.2.5)

Technology: Caustic-side solvent extraction
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Recover from out of spec product - 3.2.5

Assessment Scope: Define flexibility of system to address product that does not meet
specification requirements.

Conditions: This is a subjective analysis based upon the current process flowsheet, without
specific systems assumed for recycle and storage to address out of specification product.
Flexibility is defined by the following binning:
High flexibility for recovery ~ existing system will allow recycle of product for convergence to
proper specifications without additional hardware systems (assumes minimal software changes).
Medium flexibility for recovery ~ system requires minimal storage or processing or software
modifications to allow for convergence of recycle streams to proper specifications (e.g., $lM
$5M)
Low flexibility for recovery ~ system requires significant storage or processing or software
modifications to allow convergence of recycle streams to proper specifications. (e.g., $5M
$20M)
Very Low flexibility for recovery ~ final product can no longer be further processed to improve
specification; out-of specification material must be segregated for special disposal handling or
blending for other treatment processes.

I Other Considerations: None

References:
Draft - CH2M HILL 2008, May, T.H. et aI, Project W-551, "Interim Pretreatment System,"
Pre-conceptual Candidate Technology Descriptions, RPP-RPT-3755l, June 2008

Attachments: None

Assessment Summary: Recovery flexibility ~ Medium
Current design does not employ a recycle system to address product with insufficient cesium
decontamination. System chemistry and configuration however allow for the installation of
recycle piping from final product tanks into contactor feed tank. Rough order of estimate
magnitude cost is < $5M using existing tanks and pumps.

Prepared by: A. R. Tedeschi

Reviewed by: ...p~.-"S,,-.-"S"'c""h""au"'s"---- _
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Assessment Summary Form (CSSX-3.2.6)

Technology:
Criteria:
Measure:
Definition:

Caustic-side solvent extraction
Technical Maturity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Technology applicability to other DOE complex projects - 3.2.6

Assessment Scope: Define technology interface in relationship to other pretreatment activities occurring
across the DOE complex.

Conditions: This is a subjective analysis providing a ranked perspective of interfaces. Binning shall be
defined as follows:
High applicability to other DOE complex projects ~ Identical technology was or is being deployed in
other DOE site(s) for full scale operation.
Medium applicability to other DOE complex projects ~ Identical technology is under investigation at
other DOE site(s) for deployment.
Low applicability to other DOE complex projects ~ Identical technology is planned for investigation at
other DOE site(s).
No applicability ~ No further planning of deploying this technology is being considered at any other DOE
complex site.

I Other Considerations: None

References:
Draft - CH2M HILL 2008, May, T.H. et aI, Project W-55I, "Interim Pretreatment System," Pre
conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Technical applicability is High.

This technology is deployed at the Savannah River Site (SRS) Modular CSSX Unit (MCU) for full-scale
hot operations involving SRS tank waste.

Prepared by :_~A,-,,--.R",,-.-"T-"e",de",s",c",hi,,-· _

Reviewed by: --"P~...cS,,-.-"S"'ch"a"'u"'s'--- _
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Assessment Summary Form (CSSX-4.1.1)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Minimize number and frequency of surveillances - 4.1.1

Assessment Scope:
The number and frequency of routine process parameters that must be monitored or recorded on
procedure data sheets during operating and shutdown periods.

Conditions: There are at least thirty-eight (38) process parameters, ninety-eight (98) equipment-related
data points and twenty (20) sump leak detectors that require measurement and!or recording during routine
CSSX equipment operation.

Other Considerations: As the detailed design ofthe CSSX system is developed there may be more
process parameters that will require monitoring and recording.

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions"), Section 6.3

Attachments: A list of process parameters to be monitored is attached.

Assessment Summary: The CSSX process has at least thirty-eight (38) process parameters, twenty (20)
sump leak detectors, and ninety-eight (98) other equipment-related data points that require measurement
and recording during routine equipment operation.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'ch"a"'u"'s'--- _
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Process Parameters to be Monitored List ofrnstrument and Process Parameters
1. Waste Feed Pump Amps
2. Waste Feed Pump Windings Temperature
3. Waste Feed Flow Rate
4. Waste Feed Flow Control Valve Position
5. Solvent Pump Amps
6. Stripper Pump Amps
7. Cesium Product Pump I Amps
8. Cesium Product Pump 2 Amps
9. LAW Product Pump I Amps
10. LAW Product Pump 2 Amps
II. Solvent Flow Rate
12. Wash Solution Flow Rate
13. Strip Solution Flow Rate
14. Waste Feed Radiation Monitor
15. Stripper Product Radiation Monitor
16. Solvent Radiation Monitor
17. Ventilation Flow (cfm)
18. Vessel Vacuum
19-38. Cell Leak Detectors
39-54. Tank Levels
55-70. Tank Specific Gravities
71-95. Extraction Contactor Motor Amps
96-120. Extraction Contactor Bearing Temperatures
121-138. Stripping Contactor Motor Amps
139-156 Stripping Contactor Bearing Temperature
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Assessment Summary Form (CSSX-4.1.2)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number ofpeople to operate - 4.1.2

Assessment Scope: Determine the number of personnel required to operate the CSSX system.

Conditions: The personnel required to operate the CSSX system is six (6) operators, one (1) HPT, one
(1) process or system engineer, one (1) supervisor, one (1) instrument technician and one (1) electrician
assigned to the CSSX facility.

Other Considerations: During "hot" testing and initial startup ofwaste processing, the staff should be
increased to assure adequate troubleshooting and technical experts are available to preclude process
upsets and to evaluate equipment performance.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.3

Attachments: Personnel requirements by job title.

Assessment Summary: A total of eleven (11) people will be required for normal operation of the CSSX
system.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Personnel Requirements by Job Title:

Control Room Operators - 3 each
Aqueous Makeup/Sampling Operators - 2 each
Outside Rounds/Transfers Operator - 1 each
Health Physics Technician - 1 each
Instrument Technician - 1 each
Electrician - 1 each
Engineer - 1 each
Supervisor - 1 each
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Assessment Summary Form (CSSX-4.1.3)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Ease of startup and shutdown - 4.1.3

Assessment Scope: Determine the complexity of startup and shutdown ofthe components of CSSX
system and its ancillary equipment.

Conditions: The CSSX process is normally started in reverse order of process flow. The aqueous and
organic streams are started in the wash and stripping contactors followed by the aqueous and organic
flows to the extraction contactors with equilibrium established before the feed stream is started and
increased to flow sheet rates.
The shutdown starts with cessation of feed stream. The extraction contactors should be operated until
they are stripped offeed material. The wash and stripping contactors are the last components to be
shutdown.

Other Considerations: Process upsets are most likely to occur when feed is introduced to the extraction
contactors. An incremental or gradual approach to equilibrium conditions normally precludes major
process upsets.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.3

Attachments: None

Assessment Summary: The startup and shutdown ofthe CSSX system is the most complex and time
consuming ofthe cesium removal processes. Equilibrium conditions are more difficult to establish during
introduction ofthe feed stream due to the extraction contactors.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _

267

Date: May 24, 2008

Date: 5/28/08



RPP-RPT-37741, Rev 0

Assessment Summary Form (CSSX-4.1.4)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Minimize system complexity - 4.1.4

Assessment Scope: The complexity ofthe CSSX system is determined by the number of components,
support systems, and controls required for process operations.

Conditions: The CSSX system has eight (8) pumps (including the waste transfer pump), forty-three (43)
contactors, twenty-three (23) vessels or tanks, eight (8) flow control valves, one (1) vault ventilation
system, one (1) air handling unit and one (1) process off-gas ventilation unit.
Each tank will require instrumentation to measure level, specific gravity, temperature, and differential
pressure.
Each of the twenty (20) cells within the facility should be equipped with a leak detector alarm system,
and/or sump empty-out equipment.
The extraction and stripping contactors must be operated within a narrow range of operating conditions to
achieve maximum process efficiency. There are at least ten (10) direct process variables that can affect
the performance and efficiency ofthe CSSX system.

Other Considerations: The ability to operate on a continuous basis can result in very high production
rates over a sustained operating period.

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions"), Section 6.3

Attachments: None

Assessment Summary: There are eighty-five (85) active components with associated instrumentation in
the CSSX system. There are also twenty (20) leak detectors and sump empty-out systems. There are at
least ten (10) direct process variables that can affect the performance and efficiency of the CSSX system
The CSSX system and flow sheet are both highly complex with potential for operational upsets, but the
system can attain high production rates over a sustained operating period.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (CSSX-4.1.5)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number of chemicals needed - 4.1.5

Assessment Scope: Determine the number and types of chemicals required for operation ofthe CSSX
system and components.

Conditions: The CSSX process uses a solvent comprised of a diluant, extractant, and a modifier to
enhance cesium extraction and to keep the extractant dissolved in the solvent mixture. Sodium hydroxide
is used to adjust the feed stream to the extraction contactor, adjust the cesium product stream going to
storage in the waste tanks, and in the wash contactor. A dilute nitric acid solution is used in the scrub and
stripping contactor. Sodium hydroxide, sodium nitrate and sodium nitrite are used to adjust the chemistry
ofthe cesium product stream to meet the waste storage specifications for the DST waste tanks.

Other Considerations: Studies have proposed the use of boric acid in the cesium stripper to increase the
efficiency and a slightly different extractant for high potassium-content feeds.

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions"), Section 6.3

Attachments: None

Assessment Summary: A total of seven (7) chemicals are required for use in the CSSX system. The
three (3) organics are new to the tank farms. The other four (4) are common chemicals used at the
Hanford site.

Prepared by: Paul Kison

Reviewed by: --"P~...cS,,-.-"S"'ch"a"'u"'s'--- _
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Assessment Summary Form (CSSX-4.1.6)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number of process and regulatory samples - 4.1.6

Assessment Scope: Determine the number and frequency of process samples required for normal CSSX
operation and the samples required to meet regulatory requirements.

Conditions: The waste feed and cesium product streams should be sampled on a daily basis during
routine CSSX operation for process control purposes. The aqueous and organic streams from the final
extraction contactor and the stripping contactor should be sampled on a daily basis for process
monitoring. The solvent holding tank should be sampled on a weekly basis to evaluate solvent quality
and/or buildup of degradation products. Aqueous makeup, dilute nitric acid, and sodium hydroxide
should be sampled on a biweekly basis to assure flow sheet conformance. Solvent makeup should be
sampled on a batch basis to confirm flow sheet conformance. The cesium product must be sampled for
conformity to chemical specifications for storage in the DST svstem.

Other Considerations: The only regulatory sample will be the degraded or spent solvent that will be
mixed with an absorbent and stored on site.

References: RPP-RPT-337551, Draft A, ("Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions"), Section 6.3

Attachments: None

Assessment Summary: A total of fifteen (15) samples are required for the CSSX system. There is only
one (1) known regulatory sample (the spent or degraded organic) that has been identified for the CSSX
process.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (CSSX-4.1.7)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number of process and regulatory samples - 4.1.7

Assessment Scope: Determine the most productive and efficient method of operation for the CSSX
system.

Conditions: The CSSX system should be operated on a continuous basis because ofthe longer startup
and shutdown cycles. Solvent extraction processes take extra time to attain equilibrium conditions at
which the process operates most efficiently.

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions")

Attachments: None

Assessment Summary: The CSSX system should be operated on a continuous basis due to longer startup
and shutdown cycles.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _

271

Date: May 24, 2008

Date: 5/28/08



RPP-RPT-37741, Rev 0

Assessment Summary Form (CSSX-4.1.8)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Ease of entry and exit from standby - 4.1.8

Assessment Scope: Evaluate impact oftemporary shutdown and requirements for restart ofthe CSSX
system operation.

Conditions: The temporary shutdown ofthe CSSX system would include shutting off the feed pump and
continued operation ofthe extraction and stripping contactors to purge the solvent of waste material prior
to shutdown ofthe contactors. Depending on the duration ofthe temporary shutdown, the contactors and
support equipment could be shutdown or continue recirculation until the feed pump is restarted.
Ifthe entire process is temporarily shutdown, the restart would follow the same requirements as a startup
from an extended shutdown.

Other Considerations: Temporary shutdowns ofthe CSSX system are not quickly accomplished based on
the need for purging the extractor and stripper contactors. Likewise, the restart from a temporary
shutdown would be no different than a regular startup from an extended shutdown.

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions"), Section 6.3

Attachments: None

Assessment Summary: A temporary shutdown of the CSSX system has a major impact to the process.
The requirements for a restart are the same as a regular startup from an extended shutdown.
The CSSX system can not be effectively shutdown for a temporary period and quickly restarted without
risk of significant upsets due to the complexity of the process.

Prepared by: Paul Kison

Reviewed by: --"P~...cS,,-.-"S"'ch"a"'u"'s'--- _
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Assessment Summary Form (CSSX-4.1.9)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Wide operating margin - 4.1.9

Assessment Scope: Evaluate the range of process parameters for the CSSX system.

Conditions: The CSSX system has some flow sheet flexibility with respect to waste feed rates. Lower
feed rates will allow higher cesium extraction, but may also allow extraction of other chemicals. High
feed rates will result in cesium losses to the aqueous stream resulting in the recycle ofthe LAW product
stream to remove cesium.
The aqueous-to-organic solvent ratio in the centrifugal contactors is critical to efficient operation and to
prevent formation of emulsions in the contactors in both the extraction and stripping units.
The rotational speed ofthe contactors is likely to vary from contactor to contactor.
The operation ofthe scrubbing and washing contactors is relatively flexible with respect to aqueous rates
and concentration of acidic and basic solutions used for the respective processes.

Other Considerations: The recovery from process upsets for the CSSX system could be difficult and time
consuming with respect to formation of emulsions. The entire CSSX may require stopping ofthe waste
feed stream and the contactor allowed to return to normal operation before the resumption of waste feed
flow.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.3

Attachments: None

Assessment Summary: The CSSX system can accommodate variations in waste feed input. There is
limited flexibility in the operation ofthe centrifugal contactors. Recovery from upset conditions may be
difficult and time consuming. The CSSX system does not have a wide operating range for most flow
sheet parameters with the exception ofthe washing and scrubbing functions.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-."'S"'ch..a"'u"'s'- _
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Assessment Summary Form (CSSX-4.1.10)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Complexity oftransfers to, from and within Tank Farms - 4.1.10

Assessment Scope: IdentifY any special equipment or processes required for the transfer oftank wastes
to and from the CSSX system.

Conditions: There are no special processes required for the transfer of tank waste. If a hose-in-hose
transfer line (HIHTL) is used, it could be considered a special equipment item but HIHTLs have been in
use for the past eight years at the Hanford site and should be considered a standard equipment item. The
CSSX transfers are standard tank to tank, and tank to equipment which are routine transfers for Tank
Farm Operations.

Other Considerations: The HIHTLs have a seven (7) year operating life and if used, could require
replacement during the IPS operating period.
The disposal ofthe spent or degraded organic stream may require some special equipment to mix the
om:anic with a absorbent media orior to transfer to storage.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Description", Section 6.3

Attachments: None

Assessment Summary: All transfers for the CSSX system are considered to be standard tank farm
transfers and require no special equipment or processes to accomplish the transfers.
The disposal ofthe waste organic may require some special mixing equipment to blend the organic and
the absorbent material prior to transfer to storage.

Prepared by: Paul Kison

Reviewed by: --"P~...cS,,-.-"S"'ch"a"'u"'s'--- _
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Assessment Summary Form (CSSX-4.2.1)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
ALARA-4.2
Less required contact maintenance is better, etc. - 4.2.1

Assessment Scope: Evaluate the number of CSSX system components containing radioactive waste or
hazardous chemicals that re uire hands-on maintainence.

Conditions: The one (1) waste feed pump, the forty-three (43) extraction/stripping/wash/scrub
contactors, and the seven (7) process pumps are the primary equipment items that will contain radioactive
waste and hazardous chemicals. The CSSX process will also include an undetermined number of flow
meters and flow control valves. These equipment items will require hands-on maintenance unless the
building is equipped with an overhead crane and remote connectors for the equipment items similar to the
canyon facilities, e.g., PUREX.

The aqueous makeup cells will contain organic solvent, sodium nitrite, sodium hydroxide, and nitric acid
which are considered hazardous materials. There are nine (9) transfer pumps associated with the aqueous
makeup area which will require hands-on maintenance.

The CSSX system is located in a separate building and will require a ventilation system, air handling unit,
and a process ventilation system which can potentially contain tank waste constituents. All maintenance
activities will be hands-on work.

The majority ofthe instrument lines, leak detectors, flow meters, and radiation detectors are potentially
contaminated by tank waste constituents but do not represent a significant hazard for routine calibrations
and operability checks. Their replacement would expose personnel to radiological and chemical hazards
during hands-on activities.

Other Considerations: The spent organic solvent disposal will likely be a hands-on activity but the details
are not available at this time.
There is no historical data for the failure frequency offailure for the centrifugal contactors which would
be useful in determining the number of spares to have available.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.3

Attachments: None

Assessment Summary:
There are 8 process pumps (including the waste feed pump) and 43 centrifugal contactors that will require
hands-on maintenance, unless the IPS facility is equipped with an overhead crane, remote connectors are
installed on the equipment, and total replacement is planned.

There are 9 aqueous makeup pumps in the CSSX process facility that will require hands-on or contact
maintenance for all repair and replacement activities.

The disposal of spent or degraded organic will likely be a hands-on operation
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The instrumentation, control systems, and building ventilation system will involve work within the tank
farms but the exposure to radiological and chemical hazards can be minimized. Their replacement would
require hands-on or contact maintenance but should be on an infrequent basis.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-4.3.1)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Reliability - 4.3
Number of active components - 4.3.1

Assessment Scope: Determine the number of active components in the CSSX system and their estimated
frequency offailure.

Conditions: The major active components are seventeen (17) pumps (7 process pumps, 9 aqueous make
up pumps, and a waste transfer pump), forty-three (43) centrifugal contactors, and the building ventilation
system. There are flow control valves that could be considered as active components ifthey are equipped
with diaphragm or hydraulic operators to control the valve position during operation.

Other Considerations: The average operating life of an active waste transfer pump is five (5) years. If
the pump is inactive for an extended period oftime, the bearing can freeze or the motor bearings tend to
seize. Currently the Safety Analysis does not allow periodic rotation ofthe pump motors and shafts
without all ofthe transfer controls active and operable.
There is no historical failure data for the centrifugal contactors. A conservative estimate would be failure
after 3 to 5 years of operation.
The building ventilation exhaust fan and air handling unit may experience a failure after 5-6 years of
continuous service.

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions"), Section 6.3

Attachments: None

Assessment Summary:
The nominal failure rate for the 17 pumps and 43 centrifugal contactors is once per 3-5 years.
The building ventilation system failure rate is once per 5-6 years of continuous service.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'ch"a"'u"'s'--- _
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Assessment Summary Form (CSSX-4.3.2)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Operability and Maintainability - 4.0
Reliability - 4.3
Reliability of analogous systems - 4.3.2

Assessment Scope: Compare the CSSX with comparable systems previously used at the Hanford site.

Conditions: There is a long history of solvent extraction processes at the Hanford site, including scrap
recovery at Plutonium Finishing Plant and fuel reprocessing at both Redox and PUREX. All three
processes were operated on a continuous basis with the limiting factor being the availability offeed
material. The PUREX process was operated from 1956 through 1989 with a shutdown period from 1973
to 1983. The reliability and efficiency ofPUREX, as well as the adaptability ofthe process and
equipment to operate using five different feed stocks, was outstanding.
There is also a long history of waste transfer at the Hanford Site and specifically at the Tank Farms. The
reliability of pumping svstems in Tank Farms has been generallv good.

Other Considerations: There is no experience with centrifugal contactors at the Hanford site. They have
been tested and successfully operated at the Savannah River site with a slightly different waste feed.

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-conceptual Candidate
Technology Description"), Section 6.3

Attachments: None

Assessment Summary: The very successful operating history of solvent extraction processes at the
Hanford Site provides a sound basis for the reliability (and operability) of the CSSX system for the
removal of cesium from the tank wastes. The use of centrifugal contactors has been successfully used at
the Savannah River site.
The history of waste transfers within the Tank Farms has been reliable and the CSSX system should not
experience any serious waste transfer problems.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-4.4.1)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize number of support systems - 4.4.1

Assessment Scope: Count of support systems required by the technology.

Conditions:
Review ofthe simplified process flow diagram shows this technology requires:

• 3 standard services; air (assumed for instruments and valves), water, cooling water

• 6 chemical services; 50 wt% NaOH, O.OlM NaOH, 20 wt% NaN02 , 0.05 M RNO" 0.001 M

RNO" Solvent

Other Considerations: None

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-conceptual Candidate
Technology Description"), Section 6.3

Attachments: None

Assessment Summary: This technology requires a substantial number of support systems.

Prepared by: Anthony Cutrona

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (CSSX-4.4.2)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize number and frequency ofPM's - 4.4.2

Assessment Scope:
Evaluation of number of components for the technology system that will require PM. Common systems
such as Cs product tanks, LAW product tanks, solids filter, etc, are not in the scope ofthis assessment.

Conditions:
The CSSX technology system will have approximately:

• 60 active components (17 pumps, 43 contactors)

• 1 passive component (HX)

• 2 tanks/vessels

• Instrumentation

• Piping components (valves, etc)

Overall, this technology system has a moderate number of components; however, a majority ofthem are
rotating machinery which will have periodic need for visual inspections, lubrication, etc. The piping and
control svstems, while not extremelv complex, will have a large number of components requiring PM.

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-conceptual Candidate
Technology Description"), Section 6.3

Attachments: None

Assessment Summary:
The level ofPM required for this technology system is estimated to be extensive due to the arge number
of rotating components, and the piping and control system required to support the technology system.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-4.4.3)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize maintenance in zone entries - 4.4.3

Assessment Scope:
Evaluate teclrnology for equipment in hazardous zones which requires hands-on maintenance.

Conditions:
This teclrnology has a high proportion of active components, but a moderate number of components
overall, which will require a large piping network and control system. Assuming all components requiring
maintenance will be located in-zone, this teclrnology system will need numerous in-zone entries to carry
out maintenance activities.

References: RPP-RPT-37551, Draft A "Interim Pretreatment System Pre-conceptual Candidate
Teclrnology Description", Section 8.3 (CSSX facility layout)

Attachments: None

Assessment Summary: This technology system will have an extensive amount of equipment requiring
maintenance in-zone.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-4.4.4)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize specialized equipment and parts - 4.4.4

Assessment Scope: Evaluate teclrnology system for custom-designed, one-of-a-kind components versus
established, commercially available designs.

Conditions: The centrifugal contactor, which is the key component for this teclrnology, was specifically
built for the nuclear industry. While it was developed some 30 years ago, it is still considered to be a
specialized design. Therefore, availability may be limited to a very small number of suppliers, or sale
source. Other supporting components (tanks, pumps, etc) are standard, and commercially available.

Other Considerations:
Depending on whether any ofthe components are to be designed for remote handling/maintenance, the
use ofjumpers and remote connectors would be required. However, since the use ofjumpers at Hanford is
well established, it would not be considered as specialized item for this application.

References: RPP-RPT-37551, Draft A "Interim Pretreatment System Pre-conceptual Candidate
Teclrnology Description", Section 6.3

Attachments: None

Assessment Summary: This technology system uses specialized components which may limit the
availability of components and parts.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-4.4.5)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize tank entries - 4.4.5

Assessment Scope: Evaluate teclrnology for placement on/in tanks.

Conditions: All components for this teclrnology system will be located in the IPS facility; no placement
on or in the DSTs is required.

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-conceptual Candidate
Teclrnology Description"), Section 8.3

Attachments: None

Assessment Summary: No tank entries are required for this technology.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-4.5.1)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Ease oftraining - 4.5.1

Assessment Scope: Evaluate teclrnology system for complexity of operation and maintenance which
would require extensive training.

Conditions: The CSSX system uses processes and equipment which should be familiar to O&M
personnel. Therefore, ease oftraining for O&M becomes a function ofthe size and intricacy of the
system, e.g., number of components, relative complexity of C&I and piping systems, etc.
For this technology system, ease oftraining is estimated to be above average due to the moderate number
of components and processes, and the control and piping system required.

References: RPP-RPT-37551, Draft A "Interim Pretreatment System Pre-conceptual Candidate
Teclrnology Description", Section 6.3

Attachments: None

Assessment Summary: Ease of training is estimated to be above average for this teclrnology system.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-4.5.2)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Complexity of procedures - 4.5.2

Assessment Scope: Evaluate technology for complexity of design or operation that would require
extensive procedures.

Conditions: Assuming standard procedures are used for cornman functions of any nuclear facility
(hazardous material handling, in-zone entry, safety, etc), then the measure ofthis definition is focused on
the specific system components which make up the technology. Therefore, complexity of O&M
procedure is a function ofthe size and intricacy ofthe system, i.e., number of components, relative
complexity of C&I and piping systems, number ofprocesses, etc.
For this technology system, there are a moderate number of components and process steps. However,
none ofthe processes or components should be unfamiliar to O&M personnel. Therefore, complexity of
procedure involves start up and shut down, responding to upset conditions, maintenance routines, etc.
Procedure complexity is estimated to be above average for this technology.

References: RPP-RPT-37551, Draft A "Interim Pretreatment System Pre-conceptual Candidate
Technology Description", Section 6.3

Attachments: None

Assessment Summary: Procedure complexity is estimated to be above average for this technology due to
the moderate number of processes and components.

Prepared by: Anthony Cutrona

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (CSSX-4.5.3)

Technology:
Criteria:
Measure:
Definition:

Caustic-side solvent extraction
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Similar to other process facilities on site - 4.5.3

Assessment Scope: Evaluate technology to determine if currently/previously used at Hanford.

Conditions: As far as can be ascertained, CSSX technology has not been used at Hanford.

References: RPP-RPT-37551, Draft A "Interim Pretreatment System Pre-conceptual Candidate
Technology Description", Section 6.3

Attachments: None

Assessment Summary: This technology has not been used at Hanford.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-4.6.1)

Technology:
Criteria:
Measure:
Definition:

Caustic-side solvent extraction
Operability and Maintainability - 4.0
Liquid/solid secondary waste - 4.6
Waste handling compatible with existing systems (DOE Order 420.1B) - 4.6.1

Assessment Scope: Evaluate the technology design and operating characteristics for required SSCs that
would fall outside the scope of DOE 420.1B.

Conditions: Order 420.1B is the general aspects of safety to be included in DOE facilities, and covers
Nuclear and Explosion safety design, Fire Protection, Criticality Safety, NPH Mitigation, and the System
Engineer Program. Review ofthe order finds no feature ofthe technology which would not fall under the
requirements.

References: DOE Order 420.1B

Attachments: None

Assessment Summary: The technology is compatible with DOE Order 420.1B.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (CSSX-4.6.2)

Technology:
Criteria:
Measure:
Definition:

Caustic-side solvent extraction
Operability and Maintainability - 4.0
Liquid/solid secondary waste - 4.6
Minimize operational impacts associated with hazardous waste handling - 4.6.2

Assessment Scope: Evaluate technology for impacts on process operations during secondary waste
handling.

Conditions: The secondary waste generated by the technology Cs product (returned to DST). The CSSX
system is designed for continuous operation, with no anticipated impact to process operations to handle
generated waste during normal operation. No waste is sent directly to ETF.

References: RPP-RPT-37551, Draft A ("Interim Pretreatment System Pre-conceptual Candidate
Technology Description"), Section 6.3

Attachments: None

Assessment Summary: The technology is suited for continuous operation, with no impact for handling of
secondary waste.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (5.1.1)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Capital costs - 5.1.1

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. The construction costs are based on
take-offs from the equipment lists, layouts, and data developed in RPP-RPT-3775l, Project W
551 Interim Pretreatment System Pre-conceptual Candidate Technology Descriptions.

The estimates are for comparison of options and are not complete project costs. Costs for items
such as control trailer, transformer, switchgear, motor control center, power transmission lines,
water supply lines, and sanitary waste removal have not been included as they have been
assumed to be similar costs for each option.

Capital costs associated with deactivation, decontamination, and demolition at the end of a 5
year operating period are included.

Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design @ 10%
• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor is applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
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be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRF/CFF @ 27 months
• FC/RMF @ 32 months
• FC/CFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro-filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
In order to meet its throughput demands, RMF paired with FC requires 3 times as many RMF
units as when paired with IX-sRF and CSSX. Engineering cost for the FC/RMF option
calculated as a percentage of the total construction costs, including the additional RMF units,
was considered disproportionately inflated. Consequently, the engineering cost for the FC/RMF
option is calculated assuming the reduced number of RMF units as when paired with IX-sRF and
CSSX.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates,"
6/18/08

Assessment Summary: The combination of Cross-Flow Filtration for entrained solids removal
and Ion Exchange using spherical Resorcinol-Formaldehyde resin provides the lowest capital
costs, while the capital costs for the other combinations range as much as 50% higher (CSSX
paired with RMF).
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Project W-551 IPS Options
Class 4 Capital Cost Estimate Summary
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Prepared by: w. E. Bryan Date: 6118108

Reviewed by: -"Pe,.",S",.S"'c"'ha"'u"'s'--- _ Date: 6/22/08
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Assessment Summary Form (5.1.2)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Life cycle costs - 5.1.2

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The life cycle costs include capital costs, operation and maintenance costs over a 5-year period,
and D&D costs. The estimates are based on take-offs from the equipment lists, layouts, and data
developed in RPP-RPT-3775l, Project W-551 Interim Pretreatment System Pre-conceptual
Candidate Technology Descriptions.

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. Capital costs associated with
deactivation, decontamination, and demolition at the end of a 5-year operating period are
included.

The operation and maintenance costs include specific work crews based on 24-7 operation over a
5-year period, the major chemicals and utility usage, planned equipment replacements, and any
incremental costs associated with a given technology required to satisfy the 5-year LAW
delivery mission.

The D&D costs include the site clean up costs.

The estimates are for comparison of options and are not complete project costs. Capital costs for
items such as control trailer, transformer, switchgear, motor control center, power transmission
lines, water supply lines, and sanitary waste removal have not been included, as they have been
assumed to be similar costs for each option. Costs for the development of procedures have not
been included, as they have been assumed to be similar costs for each option.

Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design (iiJ 10%
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• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor was applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRFICFF @ 27 months
• FC/RMF @ 32 months
• FCICFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
RMF paired with FC requires 3 times as many RMF units as when paired with IX-sRF and
CSSX. Engineering cost for the FC/RMF option calculated as a percentage of the total
construction costs, including the additional RMF units, was considered disproportionately
inflated. Consequently, the engineering cost for the FC/RMF option is calculated assuming the
reduced number ofRMF units as when paired with IX-sRF and CSSX.
The maximum capacity of the fuel oil heated steam supply system estimated for the two options
incorporating the fractional crystallization technology is driven by the high throughput
requirement of one of the original eight DST Tank waste streams. It is acknowledged that the
boiler will not operate and consume fuel at this maximum capacity during the total operating
time. Consequently, average annual fuel consumption has been incorporated into the estimate.
It is noted in RPP-RPT-37751 that the assumed design life of the rotary micro-filters is three
vears. Consequentlv, an out-year operating cost for replacement of the RMF units has been
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included in the fourth operating year in the estimates of the three options incorporating the rotary
microfiltration technology.

Costs for the following incremental Tank Farms waste transfers and SST retrievals are
incorporated into the operation estimates for the FC options, as additional Tank Farms waste
must be processed to satisfy the IPS requirement of delivering 1,175 MT Nalyr to WTP over 5
years.
• Sixteen (16) tank-to-tank transfers
• Two (2) SST retrievals
• Three (3) cross-site transfers

Estimates for the incremental transfers and retrievals associated with the FC options are derived
from the existing Tank Farms baseline. The "Interim Pretreatment Systems Options, 5 Year Life
Cycle Cost Estimates," 6/18/08, calculates add-on costs (e.g., escalation, productivity
adjustment, sales tax, contingency, etc.) against these activities. However, these add-on costs
associated with the incremental SST retrievals have been removed from the cost values depicted
in the life cycle summary charts and spreadsheet report.

Incremental operation of the 242-A Evaporator is required for the CSSX options. The "Interim
Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates," 6/18/08, does not include this
activity. Estimates for the incremental evaporator operation are derived from the existing Tank
Farms baseline and incorporated into the cost values depicted in the life cycle summary charts
and spreadsheet report. Add-on costs (e.g., escalation, productivity adjustment, sales tax,
contingency, etc.) are not applied to the incremental evaporator operation.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, Life Cycle Cost Estimates for 5-Year
Mission," 6/18/08

Assessment Summary: The combination of Cross-Flow Filtration for entrained solids removal
and Ion Exchange using spherical Resorcinol-Formaldehyde resin for Cs separation provides the
lowest life cycle costs for the IPS 5-year mission. Life-cycle costs for the five other
combinations of technologies for solids removal and Cs separation range upward to more than
50% higher (e.g., for CSSX/RMF when cost of further waste volume reduction using the 242-A
Evaporator is included and for the FC options when the incremental costs of waste transfers and
SST retrievals are included).
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Project W-551 IPS Options
Class 4 Life Cycle Cost Estimate Summary
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Prepared by: w. E. Bryan Date: 6118/08

Reviewed by: -,Pc.."S,,-."S"'cha""'u"-s _ Date: 6/22/08
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Assessment Summary Form (5.1.3)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF,
CSSX/RMF
Criteria: Programmatic Aspects - 5.0
Measure: Cost Impact - 5.1
Definition: Cost profile - 5.1.3

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The cost profiles present project year expenditures of the life cycle costs. The life cycle costs
include capital costs, operation and maintenance costs over a 5-year period, and D&D costs.
The estimates are based on take-offs from the equipment lists, layouts, and data developed in
RPP-RPT-37751, Project W-551 Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions.

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. Project year loading of the capital
expenditures follows the durations identified in the "Conditions" section. Capital costs
associated with deactivation, decontamination, and demolition at the end of a 5-year operating
period are included.

The operation and maintenance costs include specific work crews based on 24-7 operation over a
5-year period, the major chemicals and utility usage, planned equipment replacements, and any
incremental costs associated with a given technology required to satisfy the 5-year LAW
delivery mission. Project year loading of the operation and maintenance costs follows the
durations identified in the "Conditions" section.

The D&D costs include the site clean-up costs.

The estimates are for comparison of options and are not complete project costs. Capital costs for
items such as control trailer, transformer, switchgear, motor control center, power transmission
lines, water supply lines, and sanitary waste removal have not been included, as they have been
assumed to be similar costs for each option. Costs for the development of procedures have not
been included, as they have been assumed to be similar costs for each option.
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Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design @ 10%
• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor was applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRFICFF @ 27 months
• FC/RMF @ 32 months
• FCICFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

There has been no attempt at level loading the expenditures in the estimates.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro-filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
RMF paired with FC requires 3 times as many RMF units as when paired with IX-sRF and
CSSX. Engineering costs for the FC/RMF option calculated as a percentage of the total
construction costs, including the additional RMF units, were considered disproportionately
inflated. Consequently, the engineering costs for the FC/RMF option are calculated assuming
the reduced number ofRMF units as when paired with IX-sRF and CSSX.
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The maximum capacity of the fuel oil heated steam supply system estimated for the two options
incorporating the fractional crystallization technology is driven by the high throughput
requirement of one of the original eight DST Tank waste streams. It is acknowledged that the
boiler will not operate and consume fuel at this maximum capacity during the total operating
time. Consequently, average annual fuel consumption has been incorporated into the estimate.
It is noted in RPP-RPT-37751 that the assumed design life of the rotary micro-filters is three
years. Consequently, an out-year operating cost for replacement of the units has been included
in the fourth operating year in the estimates of the three options incorporating the rotary
microfiltration technology.

Costs for the following incremental Tank Farms waste transfers and SST retrievals for the FC
options are incorporated into the operation and maintenance estimates, as additional Tank Farms
waste must be processed to satisfY the 5-year LAW delivery mission.
• Sixteen (16) tank-to-tank transfers
• Two (2) SST retrievals
• Three (3) cross-site transfers

Estimates for the incremental transfers and retrievals associated with the FC options are derived
from the existing Tank Farms baseline. The "Interim Pretreatment Systems Options, 5 Year Life
Cycle Cost Estimates," 6/18/08, calculates add-on costs (e.g., escalation, productivity
adjustment, sales tax, contingency, etc.) against these activities. The add-on costs associated
with the incremental SST retrievals is removed from the cost values depicted in the cost profile
summary charts and spreadsheet report.

Incremental operation of the 242-A Evaporator is required for the CSSX options. The "Interim
Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates," 6/18/08, does not include this
activity. Estimates for the incremental evaporator operation are derived from the existing Tank
Farms baseline and incorporated into the cost values depicted in the cost profile summary charts
and spreadsheet report. Add-on costs (e.g., escalation, productivity adjustment, sales tax,
contingency, etc.) are not applied to the incremental evaporator operation.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, Cost Profiles for the 5-Year IPS
Mission," 6/18/08

Assessment Summary: See graphs below
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Project W-551 Base Life Cycle Cost Profile
Ion Exchange using spherical Resorcinol-Formaldehyde resin &

Crossflow Filtration
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Ion Exchange using spherical Resorcinol-Formaldehyde resin &
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Project W-551 Base Life Cycle Cost Profile
Fractional Crystallization & Crossflow Filtration

(includes incremental transfers & SST retrievals)
(no mark-ups applied to SST retrievals)
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Fractional Crystallization & Rotary Microfiltration

(includes incremental transfers & SST retrievals)
(no mark-ups applied to SST retrievals)
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Caustic-Side Solvent Extraction & Crossflow Filtration

(includes incremental 242-A Evaporator runs)
(no mark-ups applied to evaporator runs)

(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Caustic-Side Solvent Extraction & Rotary Microfiltration

(includes incremental 242-A-Evaporator runs)
(no mark-ups applied to evaporator runs)

(no expected accuracy range applied)
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Prepared by: w. E. Bryan

Reviewed by -,P~.-,S"-.-,S",c",ha,,-u,,,s,---- _
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Assessment Summary Form (CSSX-5.2.1)

Technology:
Criteria:
Measure:
Definition:

Caustic-side solvent extraction
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Overall schedule (confidence) - 5.2.1

Assessment Scope: This assessment evaluates the impact ofthe Caustic-Side Solvent Extraction (CSSX)
technology on the overall implementation schedule duration for IPS, including its level of confidence.

Conditions: An estimate of overall IPS schedule duration is comprised of 6 major activity elements
(design -3 phases, testing, permitting, safety and licensing, construction, and startup); 4 Critical Decision
milestones; and the expected Record of Decision milestone for the Tank Closure and Waste Management
Environmental Impact Statement. Because the estimates for the two candidate filtration technologies
were deemed sufficiently similar, it was decided to treat this IPS process as a generic filtration system,
rather than separately. This reduced the number of overall schedule assessments from 6 (one for each pair
ofCs separation and solids filtration technologies) to 3 (one for each Cs separation technology + generic
filtration).
Based on the estimated durations for each ofthe 6 major activities, an initial overall schedule for
implementing CSSX + filtration was drafted. This schedule was then modified to include both optimistic
«25% probability of on-time completion) and pessimistic (>75% probability of on-time completion)
durations so that a simplified Monte Carlo simulation could be performed. The resulting S-curve showed
a total duration of~110 months (at 50% probability), to complete IPS implementation using CSSX
technologv.

Other Considerations: The schedule estimate inputs were provided by Subject Matter Experts in their
respective areas of expertise. Well-recognized and industry-accepted tools, e.g. P3 schedule, Monte Carlo
simulation, were used to develop the implementation schedule for CSSX and establish a reasonable level
of confidence in its resulting duration.

References: None

Attachments: Durations of Maior IPS Activities (months); P3 Schedule - IPS Risk using CSSX

Assessment Summary: The estimated schedule duration to implement IPS using the CSSX technology is
approximately 110 months at 50% probability of on-time completion. Based on the expertise and tools
use, there is a reasonable level of confidence in this estimate.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL-'E"'rv'-"'in"--- _
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Differences m schedule duratIOn mputs for the two filtratIOn technologies were mmor; therefore, genenc
filtration is included with each ofthe three Cs separations technologies
, Most probable ~ 50/50 of on time completion; optimistic < 25% probability of on time completion;
pessimistic> 75% probability of on time completion
3 (xx/yy/zz) are the estimated months to complete conceptual, preliminary, and detailed designs,
respectively
, Optimistic/pessimistic durations were taken from TPA-approved pennitting schedule of activities
, Completion of Safety & Licensing activities is tied to and driven by infonnation corning out ofthe 3
design phases

Design. Testing. RCRA Safety & Construction Startup
Permitting' Licensing

CSSX+ 46 (12/16/18)3 38 32 Same 37 21
filtration' - durations as
most probable' design'
CSSX+ 46 (12/16/18) 32 28 Same 33 17
filtration durations as
optimistic design
CSSX+ 53 (14/18/21) 48 33 Same 48 24
filtration durations as
pessimistic design
FC + filtration 46 (12/16/18) 38 32 Same 33 17
- most durations as
probable design
FC + filtration 46 (12/16/18) 24 28 Same 31 14
optimistic durations as

design
FC + filtration 53 (14/18/21) 46 33 Same 40 20
pessimistic durations as

design
IX-SRF + 46 (12/16/18) 38 32 Same 27 14
filtration - durations as
most probable design
IX-SRF + 46 (12/16/18) 36 28 Same 25 11
filtration durations as
optimistic design
IX-SRF + 53 (14/18/21) 48 33 Same 34 17
filtration durations as
pessimistic design,
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Assessment Summary Form (CSSX-5.2.2)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Licensing - 5.2.2

Assessment Scope: This assessment evaluates the schedule impact ofthe caustic-side solvent extraction
(CSSX) process on completion ofthe IPS safety analysis.

Conditions: The primary focus ofthe safety analysis for the CSSX process will be the numerous
centrifugal contactors and the solvent used to effect separation and concentration ofthe Cs. There has
been only minimal experience with these high-speed contactors. The potential flammability ofthe
solvent will also be a priority concern in the safety analysis. Furthermore, the Cs will become
concentrated by these contactors, thereby creating higher radiological doses and potential thermal
excurSlOns.

Other Considerations: Argonne National Laboratory has performed extensive development and testing
of centrifugal contactors, and the Oak Ridge National Laboratory has deployed and successfully used this
technology on a small scale. Both ofthese national laboratories have compiled considerable performance
data on the solvent extraction process, which will be extremely important to the IPS safety analysis
activity.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 6.3

Attachments: None

Assessment Summary: Because there is less Hanford-specific knowledge and experience with the CSSX
process, there is lower probability that IPS safety analysis will be completed on schedule.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv'"-'E"'rv'-"Cin"-- _
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Assessment Summary Form (CSSX-5.2.3)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Permitting - 5.2.3

Assessment Scope: This assessment evaluates the schedule impact ofthe caustic-side solvent extraction
(CSSX) process for completing the environmental permitting

Conditions: The key events in assessing whether there will be a schedule impact from CSSX is the
completion ofthe Tank Closure and Waste Management (TC&WM) Environmental Impact Statement
(expected 12/2009) and issuance of its Record of Decision (expected 1/2010). Based on the ROD, an
evaluation ofthe CSSX technology will need to be performed to determine whether it is adequately
covered or additional NEPA coverage is required (e.g., Environmental Assessment).
Once the NEPA process is completed, the draft RCRA permit can be issued for public review and
comment by the regulatory agency. In accordance with the Tri-Party Agreement, the overall schedule for
the permitting process is 32 months. The RCRA Part B permit must be approved before IPS construction
can start.
Because CSSX generates waste streams that are permitted for treatment (ILAW) or storage (DSTs), it is
unlikely this technology will cause any significant delays in the RCRA Part B permitting process.

Other Considerations: In the event that completion ofthe TC&WM-EIS is significantly delayed beyond
its expected completion date of 12/2009, an alternate NEPA option may be required, e.g., an Interim
Action Environmental Assessment.
In the past, the Washington State Department ofEcology has shown a willingness to accelerate the
permitting schedule, particularly when the resulting permit allows waste treatment and/or disposal to
proceed.

References: Tank Closure & Waste Management EIS, draft; RCRA Part B permit application; Tri-Party
Agreement

Attachments: None

Assessment Summary: In accordance with the Tri-Party Agreement, the RCRA Part B permitting
process requires 28 - 33 months to complete. Assuming that the TC&WM-EIS is issued in 12/2009 as
expected, permitting ofthe CSSX does not appear to impact IPS start of construction

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL-'E"'rv'-"'in"--- _
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Assessment Summary Form (CSSX-5.2.4)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Programmatic Aspects - 5.0
Schedule Impact - 5.2
D&D - 5.2.4

Assessment Scope: This assessment evaluates the schedule impact ofthe Caustic-Side Solvent
Extraction (CSSX) equipment on completion ofthe D&D ofthe IPS facility.

Conditions: The CSSX equipment will be installed in the IPS facility. Appropriate considerations for
accommodating its eventual D&D will be included during IPS design.

Other Considerations: The eventual removal and D&D ofthe CSSX equipment will be completed
sometime after the completion ofthe IPS mission.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 8.3

Attachments:

Assessment Summary: Considerations for the eventual D&D ofthe CSSX equipment will be
accommodated during the IPS design. It is anticipated that D&D will have negligible impact on the IPS
schedule.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv'"'-'E"'rv'-'-"in"--- _
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Assessment Summary Form (CSSX-5.3.1)

Technology: Caustic-Side Solvent Extraction
Criteria: Programmatic Aspects - 5.0
Measure: DST Space - 5.3
Definition: How fast DST space is made available - 5.3.1

Assessment Scope: This assessment evaluates the rate at which double-shell tank (DST) space
will be made available during the 5-year IPS mission, as a result of the caustic-side solvent
extraction (CSSX) process.

Conditions: The rate at which DST space becomes available has been assessed for the 5-year
duration of the IPS mission. Because the waste feed must be diluted to 6M Na prior to using the
CSSX process, only five (plus a small portion of a sixth tank) of the 8 feed tanks initially
identified for the IPS mission can be processed in the 5-year time period. In addition, the Cs
loaded waste stream from the CSSX process will require waste volume reduction using the 242
A evaporator in order to free up additional DST space
Assuming a Total Operating Efficiency (TOE) of70% and a sixth year to complete waste
volume reduction at the 242-A Evaporator, the average rate of initial DST space recovery for
CSSX is 600K gallons/year over 6 years.

Other Considerations: Additional DST space could be recovered by using the 1.5 Ci/liter DSA
limit for the 242-A evaporator campaigns.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Rev. 0, Tables 6-27 through 6-34 (Caustic-Side Solvent Extraction
Mass Balance Summaries)
RPP-RPT-3554l, Attachment G, Figures 1,3,7,8 and Table 3

Attachments: None

Assessment Summary: On an annualized basis and assuming a 70% TOE, DST space is
recovered at an average rate of 600K gallons/year over 6 years (the sixth year to complete waste
volume reduction at the 242-A Evaporator).

Prepared by: P. S. Schaus

Reviewed by: ..oG"'.'-'D=unf=o"'r"'d _
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Assessment Summary Form (CSSX-5.3.2)

Technology: Caustic-Side Solvent Extraction
Criteria: Programmatic Aspects - 5.0
Measure: DST Space - 5.3
Definition: Amount of DST space - 5.3.2

Assessment Scope: This assessment evaluates the net impact of the caustic-side solvent
extraction (CSSX) process for Cs separation on double-shell tank (DST) volume during the 5
year duration of the IPS mission.

Conditions: The net volume of DST space that becomes available as a result of using the CSSX
process has been assessed during the 5-year IPS mission. Based on information provided in the
CSSX process flow sheets, the total initial volume of DST space that is recovered as a result of
the CSSX process is 2.72M gallons. An additional 1M gallons ofDSTspace can be recovered
through waste volume reduction at the 242-A Evaporator. The attached table provides a tank-by
tank summary of the net volume of DST space recovered.

Other Considerations: The Cs concentration of the Cs-loaded waste stream could be further
volume reduced using the 242-A Evaporator's DSA limit of 1.5 Ci/liter.
Additional advantages of recovering this DST space include: making subsequent DST space
management generally easier, providing the opportunity for a future 242-A Evaporator outage
required to perform upgrades to that facility, and providing more receiver tank options for future
SST retrieval.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Rev. 0, Tables 6-27 through 6-34 (Caustic-Side Solvent Extraction
Mass Balance Summaries)
RPT-RPP-3774l, Attachment G, Figures 1,3,7,8, and Table 3

Attachments: None

Assessment Summary: The CSSX process recovers a total of3.7M gallons ofDST space,
including waste volume reduction by evaporation at the 242-A Evaporator.

Prepared by: P. S. Schaus

Reviewed by: -'G"'.'-'D=unf=o"'r"'d _
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Assessment Summary Form (CSSX-5.4.1)

Technology:
Criteria:
Measure:
Definition:

Caustic-side solvent extraction
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Production rate impact - 5.4.1

Assessment Scope: This assessment evaluates whether Caustic-Side Solvent Extraction (CSSX) has any
impact on the production rates ofWTP and/or Supplemental Treatment.

Conditions: Assuming 70% TOE, CSSX provides a total of 9,255 MT Na (tank waste Na + cold Na) in
68,950 hours (7.9 years) ofIPS operation to WTP and Supplemental Treatment.

Other Considerations: Approximately 1/3 ofthe Na sent to WTP is added as cold chemical makeup as
part ofthe CSSX process. If a Supplemental Treatment facility is not constructed, the rate of feed to WTP
may exceed its ILAW capability.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.3

RPP-RPT-37644, "Interim Pretreatment System Mission Scoping Report", Rev. 0 (draft)

Attachments: None

Assessment Summary: CSSX provides feed to WTP and/or to Supplemental Treatment at a rate of 0.192
MT Nalhr, or 1175 MT Nalyr (as required by RPP-RPT-37644). This is sufficient to provide feed for 2
ILAW mellers in WTP and one Supplemental Treatment line.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL-'E"'rv'-"Cin"-- _
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Assessment Summary Form (CSSX-5.4.2)

Technology:
Criteria:
Measure:
Definition:

Caustic-side solvent extraction
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
Mission duration -5.4.2

Assessment Scope: This assessment evaluates whether Caustic-Side Solvent Extraction (CSSX) has any
impact on the WTP LAW treatment mission duration.

Conditions: The duration ofthe IPS mission is nominally 5 years. However, the CSSX will deliver the 8
tanks of processed tank waste sodium (6376 MT) as LAW feed to WTP (2 mellers) and Supplemental
Treatment (1 line) over a period of ~8 years. Because both CSSX and the baseline pretreatment process
for WTP (IX-SRF) require approximately the same percentage of cold NaOH additions to their respective
process feeds, the impact of using the CSSX process on the overall RPP mission duration is
approximately the same as ifWTP's IX-SRF process were being used.
Therefore, the CSSX process has the potential to shorten the WTP LAW mission duration by 5 years
(nominal) and up to 8 years (if startup of WTP) is delayed.

Other Considerations: The addition of NaOH as cold chemical makeup as part ofthe CSSX process
increases the amount of sodium sent to WTP and Supplemental Treatment by 45%.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.3

RPP-RPT-37644, "Interim Pretreatment System Mission Scoping Report", Rev. 0

Attachments: None

Assessment Summary: The CSSX process has the potential to the WTP LAW treatment mission duration
by 5 - 8 years. Immobilization ofthe entire 6,376 MT oftank waste Na represents ~15% ofthe mission
duration.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'--"'in"--- _
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Assessment Summary Form (CSSX-5.4.3)

Technology: Caustic side solvent extraction (CSSX)
Criteria: Programmatic Aspects - 5.0
Measure: Impacts to WTP and STP - 5.4
Definition: Number of high and low level packages - 5.4.3

Assessment Scope: This assessment evaluates whether Caustic-Side Solvent Extraction (CSSX)
has any impact on the number of high- and low-level packages produced, and ifso how much,
during the 5-year IPS mission.

Conditions: Assuming 70% TOE, CSSX provides a total of 5,875 MT Na during the 5-year IPS
mission. Assuming that there are no other chemical constituents that would limit the waste oxide
loading, the sodium oxide loading for the ILAW glass will be ~20%. Therefore, each container
ofILAW produced in WTP will contain approximately 0.75 MT ofNa. If all of the CSSX
produced feed is vitrified, ~7,800 containers of ILAW will be produced.

Other Considerations: Approximately 1/3 of the Na sent to WTP is added as cold chemical
makeup as part of the CSSX process, equivalent to the dilution required by the WTP baseline Cs
separation process, i.e., IX-sRF. As a result, the volume of tank waste vitrified as a result of the
CSSX process is the equivalent to that for WTP-pretreated waste. Therefore, there is no net
difference in the number of ILAW containers produced.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Rev. 0

RPP-RPT-37644, "Interim Pretreatment System Mission Scoping Report", Rev. 0 (draft)

Attachments: None

Assessment Summary: Approximately 7,800 canisters of ILAW glass will be produced at the
WTP ILAW facility using feed from the CSSX process. No IHLW glass is produced.

Prepared by: P. S. Schaus

Reviewed by: -'G"'.'-'D=unf=o"'r"'d _
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Assessment Summary Form (CSSX-5.4.4)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Lessons Learned benefits for WTP pretreatment - 5.4.4

Assessment Scope: This assessment evaluates whether Caustic-Side Solvent Extraction (CSSX) provides
any "lessons learned" benefits for WTP Pretreatment.

Conditions: Since IX-SRF has been selected as the baseline Cs separation technology for WTP
Pretreatment, the operation and maintenance ofthe Caustic-Side Solvent Extraction equipment in IPS will
not provide data or experience pertinent to the startup and operation/maintenance ofthe Cs separation
equipment in WTP Pretreatment.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.3
Attachments: None

Assessment Summary: There will not be "lessons learned" from the operations and maintenance of
CSSX equipment in IPS.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL-'E"'rv'-"'in"--- _
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Assessment Summary Form (CSSX-5.4.5)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
Teclrnology transfer to WTP -5.4.5

Assessment Scope: This assessment evaluates whether Caustic-Side Solvent Extraction (CSSX) will
potentially provide transfer ofteclrnology to WTP.

Conditions: IX-SRF has been selected as the baseline Cs separation technology for WTP Pretreatment.
The operation and maintenance ofthe CSSX process and equipment in IPS will provide valuable data and
experience for potentially transferring this technology to WTP in the event that significant problems with
the baseline technology were encountered.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Teclrnology Descriptions", Section 6.3

Attachments: None

Assessment Summary: The transfer of CSSX teclrnology to WTP could potentially benefit the project in
the event that significant problems with the baseline teclrnology were encountered.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL-'E"'rv'-'-'in"--- _
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Assessment Summary Form (CSSX-5.4.6)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction (CSSX)
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
ALARA -5.4.6

Assessment Scope: This assessment evaluates how much Caustic-Side Solvent Extraction (CSSX) will
impact ALARA in WTP's ILAW facility or in Supplemental Treatment.

Conditions: The primary source of radioactivity in the supernatant liquids is Cs. For the 8 waste streams
being transferred to WTP or Supplemental Treatment for vitrification, the CSSX process removes Cs to a
level of 1.68E-05 Ci/g-mol Na. This meets the WTP specification of 1.68E-05 Ci/g-mol Na; therefore, no
additional changes to the LAW facility's radiation protection features will be required.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.4, Table 3

Attachments: None

Assessment Summary: The CSSX process separates out the Cs from the supernatant being transferred to
WTP and Supplemental Treatment to a level of 1.68E-05 Ci/g-mol Na. This meets the WTP
specification; therefore, no additional changes to the LAW facility's radiation protection features will be
required.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'-"'in"--- _
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Assessment Summary Form (CSSX-5.4.7)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Diversity oftechnology - 5.4.7

Assessment Scope: This assessment evaluates whether Caustic-Side Solvent Extraction (CSSX) provides
any opportunities for diversifYing WTP's technology portfolio.

Conditions: IX-SRF has been selected as the baseline Cs separation technology for WTP Pretreatment.
Therefore, the use of CSSX in IPS provides an opportunity for diversifYing WTP's technology in the
event that significant problems are encountered with IX-SRF during WTP pretreatment operations. WTP
could evaluate using CSSX as an alternative Cs separation technology prior to its start up, if deemed
necessary.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.3

Attachments: None

Assessment Summary: The use of CSSX in IPS provides an opportunity for diversifYing WTP's
technology portfolio, in the event that significant problems with IX-SRF are encountered during WTP
pretreatment operations.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv"-'E"'rv=in"- _
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Assessment Summary Form (CSSX-5.4.8)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Positive programmatic impacts and opportunties - 5.4.8

Assessment Scope: This assessment evaluates whether Caustic-Side Solvent Extraction (CSSX) provides
any positive programmatic impacts and opportunities to WTP and Supplemental Treatment.
Programmatic considerations will focus on the potential to reduce costs, accelerate schedules, and
mitigate programmatic risks or uncertainties to the WTP and Supplemental Treatment projects.

Conditions: Because CSSX is not the baseline technology for CS separation in WTP or Supplemental
Treatment, there are no programmatic impacts or opportunities associated with this technology.

Other Considerations: In the event that performance ofthe baseline Cs separation technology proved to
be unsatisfactory, the knowledge gained from CSSX's deployment in IPS would provide valuable input to
a recovery plan.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.3

Attachments: None

Assessment Summary: There are no programmatic impacts or opportunities to WTP or Supplemental
Treatment associated with the CSSX technology.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv"-'E"'rv=in"- _
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Assessment Summary Form (CSSX-5.5.1)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Analytical equipment, methods, and capacity - 5.5.1

Assessment Scope: This assessment evaluates the impacts ofthe caustic-side solvent extraction (CSSX)
on the analytical services (equipment, methods, capacity) available at the Hanford site, e.g., WTP's
analytical laboratory, 222-S Analytical Laboratory.

Conditions: The process description for the CSSX process was reviewed to determine what analytical
services would be required to support this process, including characterization ofthe feed stream in the
feed tank, the resulting Cs-depleted waste stream being transferred to the ILAW facility, and the Cs
loaded stream being transferred back to the DSTs. The number and type of samples (for process control,
feed certification and compliance) are not currently defined. Therefore, no estimate ofthe impact ofthe
CSSX technology on the analytical equipment, methods and capacity can be made at this time.

Other Considerations: The total turnaround times typically required for sampling, sampling transport,
and analyses will also need to be evaluated in order to ensure the adequacy of the IPS lag storage
capacity.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Rev. 0
HNF-SD-WM-OCD-015, "Tank Farms Waste Transfer Compatibility Program" (for Cs-loaded stream
being transferred to DSTs)
"Early LAW Waste Receipt Criteria Revision" Internal WTP memo CCN155899, dated 4/4/08 (for Cs
depleted stream being transferred to WTP)

Attachments: None

Assessment Summary: The number and types of samples (for process control, feed certification and
compliance) are not currently defined. Therefore, no estimate ofthe impact ofthe CSSX technology on
the analytical equipment, methods and capacity can be made at this time. The amount oflag storage may
need to be adjusted to accommodate the typical turnaround times for sampling and analysis.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv.....,E"'rv'-"'in!l.... _
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Assessment Summary Form (CSSX-5.5.2)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Compliance to ETF WAC - 5.5.2

Assessment Scope: This assessment evaluates whether there are any liquid effluents generated by the
caustic-side solvent extraction (CSSX) process that will be disposed directly to the Effluent Treatment
Facility (ETF), and if so, whether those liquid effluents meet the ETF's Waste Acceptance Criteria
(WAC).

Conditions: A review ofthe process flow diagram for CSSX showed that there are no process
condensates from this process requiring disposal at the ETF.

Other Considerations: In the unlikely event that the Cs-Ioaded stream was to be volume reduced at the
242-A Evaporator, liquid effluents requiring disposal at ETF would be produced. It is assumed that these
effluents would necessarily meet the ETF-WAC before they could be transferred to ETF.

References: RPP-RPT-37551, Draft A "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.3

Attachments: None

Assessment Summary: Because it generates no liquid effluents, the CSSX process has no direct impact
on the Effluent Treatment Facility.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv"-'E"'rv=in"- _
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Assessment Summary Form (CSSX-5.5.3)

Technology:
Criteria:
Measure:
Definition:

Caustic-Side Solvent Extraction
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
ALARA - 5.5.3

Assessment Scope: This assessment evaluates whether the principle of ALARA (As Low As
Reasonably Achievable) will be impacted by the Caustic-Side Solvent Extraction (CSSX) process with
respect to support facilities such as the will be the Effluent Treatment Facility (ETF), the 242-A
Evaporator, and the analytical laboratories.

Conditions: Because CSSX is being incorporated into a new facility for IPS, the ALARA principle will
be actively addressed during the facility and process design to ensure that Waste Acceptance Criteria for
supporting facilities are met, less hazardousiless toxic materials are used wherever possible, sampling and
analysis requirements at the analytical laboratories are minimized, etc.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.3

Attachments:

Assessment Summary: Because CSSX is being included as part ofthe new IPS facility, ALARA will be
incorporated into its process design.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv""-'E"'rv!."'-'in"- _
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Assessment Summary Form (CSSX-5.5.4)

Technology: Caustic-Side Solvent Extraction
Criteria: Programmatic Aspects - 5.0
Measure: Impacts to other facilities - 5.5
Definition: Number of Evaporator campaigns - 5.5.4

Assessment Scope: This assessment evaluates the impacts of the caustic-side solvent extraction
(CSSX) process on the 242-A Evaporator facility.

Conditions: Based on information provided in the CSSX process flow sheets, the Cs
concentration of the Cs-loaded streams from the CSSX process are sufficiently below the current
242-A Evaporator operating limit of 0.8 Ci/liter for the 5 candidate tanks that will be pretreated
during the 5-year IPS mission, so that further waste volume reduction of 1M gallons can be
effectively achieved by sending these waste streams to the 242-A Evaporator. Nominally this
volume reduction will be achieved by 5 additional evaporator campaigns, one for each of the 5
waste batches.

Other Considerations: Additional waste volume reduction could be achieved at the 242-A
evaporator, if the DSA limit of 1.5 Ci/liter was imposed.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Rev. 0, Rev. 0, Tables 6-27 through 6-34 (Caustic-Side Solvent
Extraction Mass Balance Summaries)
Assessment Summary Form CSSX-5.3.2

Attachments: None

Assessment Summary: The Cs-loaded waste stream generated by the CSSX separation process
will require five 242-A Evaporator campaigns.

Prepared by: P. S. Schaus

Reviewed by: -'G"'.'-'D=unf=o"'r"'d _
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Assessment Summary Form (CSSX-5.6.1)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Programmatic Aspects - 5.0
Resources and materials - 5.6
Availablility of Key Skills, Critical Materials, Qualified Vendors - 5.6.1

Assessment Scope: IdentifY major required resources such as professional (engineering and
technological), construction and operation support personnel, required key components and chemical and
assess availability ofthese items for the project on a regular as well as emergency need basis. Review
and identifY vendors (multiple is better than a single source vendor). IdentifY any major lead time or
material and its availability impacts.

Conditions: A table of all major resources is developed for CSSX implementation and appropriate
assessment is made against various key factors such as quantity, frequency, suppliers, etc. There are two
items for concern. Costner Industries Nevada Corp. is likely to be the only supplier for centrifugal
contractors. There are several suppliers of centrifugal contractors, but Costner has been working with
Savannah River Site technology people to improve their commercial centrifugal contractors (Model V-I 0)
for nuclear applications (e. g. clean-in-place capabilities).

The organics for the solvent will also likely be limited to single supplies. Exxon is the supplier for Isopar
Land BobCalixC6. Marshalton Research Laboratories Inc. supplies the TOA. Supplier for Cs-7SB is
unknown at this time. Alternative sources may be available for some ofthe organics, but others like
(Isopar L) are proprietary. Substitution for proprietary organics may be possible, but this will entail
alteration to the solvent formulation with unknown consequences unless verification tests were
conducted.

Other Considerations: Availability of critical engineering forces will depend and time of needs and
ongoing project activities at Hanford and U. S. Market.

References: Engineering Judgment

Attachments: Table 1 - Resource Table

Assessment Summary: Centrifugal Contractors may be a single source vendor. Also various proprietary
chemicals (Isopar L, BobCalix C6, CS-7SB, TOA) are used in the process requiring at minimum
premium price for material. N-stamp requirement will require premium pricing for fabrication of
equipment.

Prepared by: Kishor Shah

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Description CSSX FC SRF
Key Skills:

Engineering Overall general concern Overall general concern Overall general concern
forces for availability of for availability of for availability of

engineering forces due to engineering forces due engineering forces due to
market conditions and to market conditions market conditions and
existing work at Hanford. and existing work at existing work at Hanford.

Hanford.
Teclrnology Test facilities and Test facilities and Test facilities and simulant
Development simulant definition to simulant definition to definition to support
resources support teclrnology support teclrnology teclrnology development.

development. Vendor development. Vendor WTP has experienced for
has limited capability for has limited capability this teclrnology
radiation type for radiation type development and support.
development development

Construction Competing with WTP Competing with WTP Competing with WTP
Forces forces at Hanford Site forces at Hanford Site forces at Hanford Site
Laboratory Needs Will need Hanford- Will need Hanford- WTP has developed the

specific demo facility. specific demo facility. teclrnologv.
Critical Material:

Special Material Centrifugal contractors No special material or Use specialized resin
/equipment and solvents Isopar Land chemicals are used. material, spherical RF.

BOBCalix C6.
Material Costner Industries Various vendors for WTP has identified two
Suppliers Nevada Corp. supplies engineered equipment potential manufacturing

contactors, Exxon is a and routine chemicals. facilities for this material.
single source for Isopar,
and Marshallton for
BOBCalixC6.

Fabrication Other centrifugal Commercial fabricators Long term procurement
contractor fabricators are are available, but N- strategy and storage
available but may not be stamp qualification of strategy must be
as experienced as Costner fabricators may be developed, similar to that
Industries> N-stamp questionable. ofWTP. N-stamp
qualification of fabricator qualification of equipment
may be questionable. fabricator(s) may be

questionable.
Qualified Vendors

Suppliers Manv
Vendor Support Good Quality Suppliers Good Quality Suppliers

Stability of Critical Premium price may have No special pricing Premium price may have
Pricing to be paid due to limited impact. Premium to be paid due to limited

supply and n-stamp pricing may have to manufacturing facilities,
fabrication requirements pay due to N-stamp N-stamp requirements and
and specific use. fabrication specific use.

requirements.
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Assessment Summary Form (CSSX-5.6.2)

Technology:
Criteria:
Measure:
Definition:

Caustic side solvent extraction
Programmatic Aspects - 5.0
Resources and materials - 5.6
Stability of Critical Resource Pricing - 5.6.2

Assessment Scope: Review competition for these resources within Hanford and general market. Identify
any shortfall or abnormal condition requiring a special attention or mitigation.

Conditions: From Stability point ofview, various suppliers do make the centrifugal contractors. So in
the event of failure of Costner Industries, other centrifugal contractors can be induced to support the
project needs. Similarly, proprietary chemical suppliers are established manufacturer but premium
pricing may have to be paid to assure a long term supply. SRS also uses similar contractors and provides
more stability to vendor for continuing business.

References: Engineering Judgment.

Attachments: None.

Assessment Summary:
With SRS and Hanford as a potential buyer for centrifugal contractors and chemicals more stability of
pricing can be anticipated for these items. N-stamp qualification ofthe fabricator and suppliers may

. . ..
reqUire prefUlum pncmg.

Prepared by: Kishor Shah

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Fractional Crystallization Assessment Forms
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Assessment Summary Form (Fe-1.1.!)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Safety - 1.0
Process Safety - 1.1
Quantity ofmaterial at risk (MAR) - radiological and chemical- 1.1.1

Assessment Scope: Evaluate the quantity of radiological material at risk (MAR), which is the amount of
radionuclides (in grams or curies of activity for each radionuclide) available to be acted on by a given
physical stress, and the quantity of chemical MAR.

Conditions: Using radiological data and process flow rate data from preliminary mass balance
calculations for the Fractional Crystallization (FC) technology, the radiological MAR was calculated for
the Feed Receipt Tank, Cs Product Tank, and LAW Product Tank. The intent was to gain knowledge
about the MAR at key component locations.

Other Considerations: A more detailed and exhaustive evaluation ofthe material at risk would be
required to determine the bounding values for the technologies.

References: None

Attachments:
Table 1: Activity (Ci) ofRadioactive Material in Feed Receipt Tank
Table 2: Activity (Ci) of Radioactive Material in Cs Product Tank
Table 3: Activity (Ci) of Radioactive Material in LAW Product Tank
Table 4: Tank Volumes

Assessment Summary: The quantity of MAR for the FC technology is effectively equivalent to the
quantity of material for the IX-SRF technology when evaluating the material in the Feed Receipt Tank
and the Cs Product Tank. The quantity of MAR for the FC technology is effectively lower than that for
the CSSX technology when evaluating the material in the Feed Receipt and the Cs Product Tank.
Additionally, the quantity ofMAR in the LAW Product Tank was lower for the FC process than for either
the IX-SRF or the FC processes.

Prepared by: Douglas B. Teachout

Reviewed by: Gary Dunford
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Table 1 - Activity (Ci) ofRadioactive Material in Feed Receipt Tank

Supply Tank Designation
Radionuclide

241-AN-104 241-AP-101 241-AP-102 241-AP-103 241-AP-104 241-AP-105 241-AP-107 241-AP-108

Ru-106 1.69E-05 5.51 E-01 4.24E-07 6.59E-07 6.91 E-07 3.83E-02 1.73E+00 2.85E-06

Cd-113m 4.44E+00 2.79E+00 3.65E+00 3.74E+00 3.36E+00 5.06E+00 5.56E+00

8b-125 3.59E-02 1.21 E+01 8.35E-01 1.08E+00 9.50E-01 1.70E+00 3.59E+01 1.99E+00

8n-126 2.69E-02 1.87E-01 1.11E-01 1.56E-01 1.73E-01 1.37E-01 1.59E-01 2.30E-01

1-129 8.32E-03 2.07E-02 3.72E-02 3.94E-02 2.16E-02 3.23E-02 1.80E-02 2.90E-02

Cs-134 9.90E-02 5.92E+00 2.15E-02 1.37E-01 2.61 E-01 4.25E-01 1.76E+01 4.33E-01

Cs-137 1.84E+04 3.75E+04 2.91 E+04 2.91 E+04 2.32E+04 3.30E+04 7.63E+04 2.51 E+04

Sa-137m 1.73E+04 3.53E+04 2.75E+04 2.75E+04 2.19E+04 3.13E+04 7.19E+04 2.37E+04

C-14 1.99E-01 5.24E-01 3.30E-01 7.90E-01 1.71 E-01 3.07E-01 4.12E-01 3.07E-01

8m-151 9.75E-05 8.84E+02 5.48E+02 7.68E+02 8.25E+02 6.74E+02 8.09E+02 1.14E+03

Eu-152 6.63E-09 2.64E-01 1.33E-01 1.82E-01 1.83E-01 1.59E-01 3.94E-01 2.66E-01

Eu-154 3.12E-07 2.74E+00 3.78E+00 1.72E+00 9.68E-01 5.72E+00 4.30E+00 1.84E+00

Eu-155 1.20E-07 4.66E+00 2.13E+00 2.26E+00 2.42E+00 5.05E+00 7.39E+00 1.98E+00

Ra-226 8.67E-08 1.06E-05 6.90E-06 1.05E-05 1.08E-05 8.82E-06 9.90E-06 1.49E-05

Ac-227 6.20E-11 1.95E-04 1.10E-04 1.19E-04 1.72E-04 1.08E-04 1.06E-04 1.75E-04

Ra-228 2.46E-05 2.33E-03 9.14E-03 4.25E-03 2.27E-03 6.18E-03 2.54E-03 1.01 E-02

Th-229 1.14E-07 1.20E-04 3.00E-04 2.51 E-04 1.47E-04 2.80E-04 1.43E-04 6.14E-04

Pa-231 8.13E-04 1.12E-03 1.92E-04 2.75E-04 8.35E-04 2.44E-04 2.88E-04 4.02E-04

Th-232 4.12E-07 2.23E-04 1.33E-03 8.65E-04 9.44E-05 2.84E-04 2.25E-04 4.19E-04

U-232 7.99E-06 1.79E-04 7.71 E-04 4.19E-04 3.88E-04 1.55E-04 1.25E-04 4.52E-04

U-233 4.89E-04 2.30E-03 3.27E-03 1.78E-03 2.70E-03 6.83E-04 1.81 E-03 1.88E-03

U-234 3.48E-04 1.57E-03 6.05E-04 1.28E-03 1.46E-03 2.28E-04 1.46E-03 1.31 E-03

U-235 1.37E-05 5.83E-05 2.40E-05 5.48E-05 5.64E-05 9.25E-06 5.95E-05 5.11E-05

U-236 2.35E-05 8.98E-05 1.95E-05 3.60E-05 6.65E-05 8.17E-06 6.99E-05 8.18E-05

Np-237 6.88E-04 2.76E-02 5.75E-02 6.14E-03 6.20E-03 6.26E-02 2.40E-02 6.20E-03

Pu-238 3.78E-04 1.70E-02 9.77E-04 2.35E-02 1.53E-02 1.80E-03 4.81 E-02 3.02E-03

U-238 2.72E-04 1.18E-03 5.39E-04 1.31 E-03 1.24E-03 2.03E-04 1.24E-03 1.02E-03

Pu-239 5.20E-03 2.35E-01 3.75E-02 1.71 E-01 7.99E-02 3.53E-02 5.21 E-01 4.86E-02

Pu-240 1.36E-03 5.50E-02 6.35E-03 2.88E-02 1.36E-02 7.04E-03 1.39E-01 9.24E-03

Am-241 8.59E-02 7.75E-02 2.11 E-01 8.39E-01 2.46E-01 2.65E-01 9.11 E-02 2.30E-01

Pu-241 2.38E-02 1.14E+00 4.51 E-02 2.09E-01 9.22E-02 1.05E-01 3.40E+00 1.17E-01

Cm-242 1.70E-04 1.30E-04 6.78E-04 2.74E-03 8.99E-04 1.04E-03 1.12E-04 6.93E-04

Pu-242 1.43E-07 5.59E-06 3.87E-07 1.85E-06 7.87E-07 6.38E-07 1.63E-05 8.77E-07

Am-243 5.75E-05 5.49E-06 7.71 E-06 3.11 E-05 1.02E-05 1.01 E-05 1.54E-05 8.88E-06

Cm-243 9.40E-06 1.71 E-04 8.68E-05 1.93E-03 2.92E-03 1.75E-04 6.45E-05 1.52E-04

Cm-244 2.22E-04 3.85E-03 1.26E-03 4.22E-02 6.84E-02 3.00E-03 1.41E-03 2.57E-03

H-3 3.39E-01 5.20E+00 1.30E+00 3.80E+00 1.73E-01 9.06E-01 5.03E+00 1.52E+00

Ni-59 2.96E-03 1.66E-01 3.78E-02 6.14E-02 1.37E-01 3.90E-02 9.38E-02 1.38E-01

Co-60 5.93E-03 7.12E-01 4.54E-01 1.17E+00 8.03E-01 8.88E-01 1.11E+00 4.89E-01

Ni-63 2.74E-01 1.52E+01 3.51 E+OO 5.68E+00 1.26E+01 3.61 E+OO 8.64E+00 1.14E+01

8e-79 5.53E-02 9.32E-02 2.08E-01 1.56E-01 8.56E-02 2.68E-01 1.07E-01 1.54E-01

8r-90 7.00E+01 1.10E+02 4.69E+01 2.62E+02 1.69E+02 2.21 E+02 2.12E+02 1.24E+02

Y-90 7.00E+01 1.10E+02 4.69E+01 2.62E+02 1.69E+02 2.21 E+02 2.12E+02 1.24E+02

Nb-93m 2.17E-01 1.78E+00 8.86E-01 8.33E-01 1.18E+00 7.14E-01 1.95E+00 1.34E+00

Zr-93 1.50E-01 2.31 E+OO 1.03E+00 1.01 E+OO 1.41 E+OO 7.94E-01 2.95E+00 1.60E+00

Tc-99 1.37E+01 2.00E+01 1.97E+01 2.68E+01 2.01 E+01 2.74E+01 2.46E+01 1.87E+01

Total 3.59E+04 7.40E+04 5.73E+04 5.79E+04 4.63E+04 6.54E+04 1.50E+05 5.03E+04
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Table 2 - Activity (Ci) of Radioactive Material in Cs Product Tank

Supply Tank Designation
Radionuclide

241-AN-104 241-AP-101 241-AP-102 241-AP-103 241-AP-104 241-AP-105 241-AP-107 241-AP-108

Ru-106 1.63E-05 4.93E-01 2.64E-07 4.29E-07 4.72E-07 2.36E-02 1.74E+00 1.64E-06

Cd-113m 3.97E+00 1.73E+00 2.38E+00 2.55E+00 2.07E+00 5.08E+00 3.20E+00

8b-125 3.48E-02 1.08E+01 5.20E-01 7.00E-01 6.49E-01 1.05E+00 3.61 E+01 1.15E+00

8n-126 2.60E-02 1.67E-01 6.91 E-02 1.02E-01 1.18E-01 8.45E-02 1.59E-01 1.33E-01

1-129 8.07E-03 1.86E-02 2.32E-02 2.56E-02 1.48E-02 1.99E-02 1.80E-02 1.67E-02

Cs-134 9.60E-02 5.30E+00 1.34E-02 8.89E-02 1.78E-01 2.61 E-01 1.77E+01 2.49E-01

Cs-137 1.79E+04 3.35E+04 1.81 E+04 1.89E+04 1.59E+04 2.03E+04 7.67E+04 1.45E+04

Sa-137m 1.68E+04 3.16E+04 1.71 E+04 1.79E+04 1.50E+04 1.92E+04 7.23E+04 1.37E+04

C-14 1.93E-01 4.68E-01 2.05E-01 5.14E-01 1.17E-01 1.89E-01 4.14E-01 1.77E-01

8m-151 9.46E-05 7.91 E+02 3.41E+02 4.99E+02 5.63E+02 4.14E+02 8.12E+02 6.55E+02

Eu-152 6.43E-09 2.36E-01 8.29E-02 1.19E-01 1.25E-01 9.77E-02 3.96E-01 1.53E-01

Eu-154 3.03E-07 2.45E+00 2.35E+00 1.12E+00 6.61 E-01 3.52E+00 4.32E+00 1.06E+00

Eu-155 1.17E-07 4.17E+00 1.33E+00 1.47E+00 1.65E+00 3.11 E+OO 7.43E+00 1.14E+00

Ra-226 8.40E-08 9.44E-06 4.29E-06 6.83E-06 7.34E-06 5.42E-06 9.95E-06 8.59E-06

Ac-227 6.01 E-11 1.74E-04 6.88E-05 7.76E-05 1.17E-04 6.62E-05 1.06E-04 1.01 E-04

Ra-228 2.38E-05 2.08E-03 5.69E-03 2.77E-03 1.55E-03 3.80E-03 2.56E-03 5.82E-03

Th-229 1.11E-07 1.07E-04 1.87E-04 1.63E-04 1.00E-04 1.72E-04 1.43E-04 3.54E-04

Pa-231 7.88E-04 1.00E-03 1.19E-04 1.79E-04 5.70E-04 1.50E-04 2.89E-04 2.32E-04

Th-232 4.00E-07 1.99E-04 8.31 E-04 5.62E-04 6.45E-05 1.74E-04 2.26E-04 2.41E-04

U-232 7.75E-06 1.60E-04 4.80E-04 2.73E-04 2.65E-04 9.52E-05 1.25E-04 2.61 E-04

U-233 4.74E-04 2.06E-03 2.03E-03 1.16E-03 1.84E-03 4.20E-04 1.82E-03 1.08E-03

U-234 3.37E-04 1.41E-03 3.77E-04 8.34E-04 9.99E-04 1.40E-04 1.47E-03 7.54E-04

U-235 1.33E-05 5.21 E-05 1.49E-05 3.56E-05 3.85E-05 5.69E-06 5.97E-05 2.94E-05

U-236 2.28E-05 8.03E-05 1.21 E-05 2.34E-05 4.54E-05 5.02E-06 7.02E-05 4.71 E-05

Np-237 6.67E-04 2.47E-02 3.58E-02 3.99E-03 4.23E-03 3.85E-02 2.41 E-02 3.57E-03

Pu-238 3.66E-04 1.52E-02 6.08E-04 1.53E-02 1.04E-02 1.11E-03 4.83E-02 1.74E-03

U-238 2.64E-04 1.06E-03 3.35E-04 8.52E-04 8.44E-04 1.25E-04 1.25E-03 5.85E-04

Pu-239 5.04E-03 2.10E-01 2.34E-02 1.11E-01 5.45E-02 2.17E-02 5.23E-01 2.80E-02

Pu-240 1.32E-03 4.92E-02 3.96E-03 1.87E-02 9.26E-03 4.33E-03 1.39E-01 5.32E-03

Am-241 8.32E-02 6.93E-02 1.31 E-01 5.46E-01 1.68E-01 1.63E-01 9.15E-02 1.32E-01

Pu-241 2.31 E-02 1.02E+00 2.81 E-02 1.36E-01 6.29E-02 6.47E-02 3.41 E+OO 6.72E-02

Cm-242 1.65E-04 1.16E-04 4.22E-04 1.78E-03 6.14E-04 6.40E-04 1.13E-04 3.99E-04

Pu-242 1.39E-07 5.00E-06 2.41 E-07 1.20E-06 5.38E-07 3.92E-07 1.64E-05 5.05E-07

Am-243 5.58E-05 4.91 E-06 4.80E-06 2.02E-05 6.95E-06 6.19E-06 1.55E-05 5.11E-06

Cm-243 9.11E-06 1.53E-04 5.41 E-05 1.25E-03 2.00E-03 1.08E-04 6.48E-05 8.78E-05

Cm-244 2.15E-04 3.44E-03 7.85E-04 2.75E-02 4.67E-02 1.85E-03 1.41E-03 1.48E-03

H-3 3.28E-01 4.65E+00 8.12E-01 2.47E+00 1.18E-01 5.57E-01 5.05E+00 8.78E-01

Ni-59 2.87E-03 1.48E-01 2.35E-02 3.99E-02 9.34E-02 2.40E-02 9.42E-02 7.94E-02

Co-60 5.75E-03 6.36E-01 2.83E-01 7.59E-01 5.48E-01 5.46E-01 1.11E+00 2.81 E-01

Ni-63 2.65E-01 1.36E+01 2.19E+00 3.69E+00 8.58E+00 2.22E+00 8.68E+00 6.56E+00

8e-79 5.36E-02 8.33E-02 1.30E-01 1.02E-01 5.85E-02 1.65E-01 1.07E-01 8.85E-02

8r-90 6.79E+01 9.87E+01 2.92E+01 1.70E+02 1.15E+02 1.36E+02 2.13E+02 7.12E+01

Y-90 6.79E+01 9.87E+01 2.92E+01 1.70E+02 1.15E+02 1.36E+02 2.13E+02 7.12E+01

Nb-93m 2.10E-01 1.59E+00 5.52E-01 5.42E-01 8.04E-01 4.39E-01 1.96E+00 7.74E-01

Zr-93 1.45E-01 2.07E+00 6.40E-01 6.59E-01 9.62E-01 4.89E-01 2.96E+00 9.23E-01

Tc-99 1.33E+01 1.79E+01 1.23E+01 1.75E+01 1.37E+01 1.68E+01 2.47E+01 1.08E+01

Total 3.48E+04 6.61 E+04 3.57E+04 3.77E+04 3.16E+04 4.02E+04 1.50E+05 2.89E+04
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Table 2 - Activity (Ci) of Radioactive Material in LAW Product Receipt Tank

Supply Tank Designation
Radionuclide

241-AN-104 241-AP-101 241-AP-102 241-AP-103 241-AP-104 241-AP-105 241-AP-107 241-AP-108

Ru-106 3.74E-09 6.20E-05 5.26E-11 8.10E-11 8.19E-11 4.38E-06 2.22E-04 3.24E-10

Cd-113m 4.99E-04 3.46E-04 4.49E-04 4.43E-04 3.84E-04 6.50E-04 6.32E-04

8b-125 7.96E-06 1.36E-03 1.04E-04 1.32E-04 1.13E-04 1.95E-04 4.62E-03 2.27E-04

8n-126 5.96E-06 2.10E-05 1.38E-05 1.92E-05 2.05E-05 1.57E-05 2.04E-05 2.62E-05

1-129 1.85E-06 2.33E-06 4.62E-06 4.84E-06 2.56E-06 3.69E-06 2.31 E-06 3.30E-06

Cs-134 2.20E-05 6.66E-04 2.67E-06 1.68E-05 3.09E-05 4.86E-05 2.26E-03 4.92E-05

Cs-137 4.09E+00 4.21 E+OO 3.62E+00 3.57E+00 2.75E+00 3.77E+00 9.81 E+OO 2.86E+00

Sa-137m 3.85E+00 3.97E+00 3.41 E+OO 3.37E+00 2.60E+00 3.57E+00 9.25E+00 2.70E+00

C-14 4.42E-05 5.89E-05 4.09E-05 9.71 E-05 2.02E-05 3.51 E-05 5.30E-05 3.49E-05

8m-151 2.16E-08 9.94E-02 6.80E-02 9.43E-02 9.77E-02 7.70E-02 1.04E-01 1.29E-01

Eu-152 1.47E-12 2.97E-05 1.65E-05 2.24E-05 2.17E-05 1.82E-05 5.06E-05 3.03E-05

Eu-154 6.93E-11 3.08E-04 4.69E-04 2.11 E-04 1.15E-04 6.54E-04 5.53E-04 2.09E-04

Eu-155 2.67E-11 5.24E-04 2.64E-04 2.78E-04 2.87E-04 5.78E-04 9.51 E-04 2.25E-04

Ra-226 1.92E-11 1.19E-09 8.56E-10 1.29E-09 1.27E-09 1.01 E-09 1.27E-09 1.70E-09

Ac-227 1.38E-14 2.19E-08 1.37E-08 1.46E-08 2.04E-08 1.23E-08 1.36E-08 1.99E-08

Ra-228 5.46E-09 2.62E-07 1.13E-06 5.22E-07 2.68E-07 7.06E-07 3.27E-07 1.15E-06

Th-229 2.53E-11 1.35E-08 3.73E-08 3.08E-08 1.74E-08 3.20E-08 1.83E-08 6.99E-08

Pa-231 1.80E-07 1.26E-07 2.38E-08 3.38E-08 9.89E-08 2.79E-08 3.70E-08 4.57E-08

Th-232 9.15E-11 2.50E-08 1.66E-07 1.06E-07 1.12E-08 3.24E-08 2.90E-08 4.77E-08

U-232 1.77E-09 2.01 E-08 9.58E-08 5.15E-08 4.60E-08 1.77E-08 1.60E-08 5.15E-08

U-233 1.09E-07 2.59E-07 4.06E-07 2.19E-07 3.20E-07 7.81 E-08 2.33E-07 2.14E-07

U-234 7.71 E-08 1.77E-07 7.51 E-08 1.57E-07 1.73E-07 2.61 E-08 1.88E-07 1.49E-07

U-235 3.04E-09 6.56E-09 2.98E-09 6.73E-09 6.69E-09 1.06E-09 7.65E-09 5.81 E-09

U-236 5.21 E-09 1.01 E-08 2.42E-09 4.42E-09 7.87E-09 9.34E-10 8.99E-09 9.31 E-09

Np-237 1.53E-07 3.10E-06 7.13E-06 7.54E-07 7.34E-07 7.15E-06 3.09E-06 7.05E-07

Pu-238 8.38E-08 1.91 E-06 1.21 E-07 2.89E-06 1.81 E-06 2.06E-07 6.18E-06 3.43E-07

U-238 6.04E-08 1.33E-07 6.68E-08 1.61 E-07 1.47E-07 2.32E-08 1.60E-07 1.16E-07

Pu-239 1.15E-06 2.64E-05 4.66E-06 2.10E-05 9.47E-06 4.04E-06 6.69E-05 5.53E-06

Pu-240 3.01 E-07 6.18E-06 7.89E-07 3.54E-06 1.61 E-06 8.05E-07 1.78E-05 1.05E-06

Am-241 1.90E-05 8.71 E-06 2.62E-05 1.03E-04 2.92E-05 3.03E-05 1.17E-05 2.61 E-05

Pu-241 5.27E-06 1.28E-04 5.60E-06 2.56E-05 1.09E-05 1.20E-05 4.37E-04 1.33E-05

Cm-242 3.78E-08 1.46E-08 8.41 E-08 3.36E-07 1.07E-07 1.19E-07 1.44E-08 7.88E-08

Pu-242 3.18E-11 6.28E-10 4.81 E-11 2.27E-10 9.33E-11 7.29E-11 2.10E-09 9.98E-11

Am-243 1.28E-08 6.17E-10 9.58E-10 3.82E-09 1.21 E-09 1.15E-09 1.99E-09 1.01 E-09

Cm-243 2.08E-09 1.93E-08 1.08E-08 2.37E-07 3.47E-07 2.00E-08 8.30E-09 1.73E-08

Cm-244 4.92E-08 4.33E-07 1.57E-07 5.19E-06 8.11E-06 3.43E-07 1.81 E-07 2.92E-07

H-3 7.51 E-05 5.85E-04 1.62E-04 4.66E-04 2.05E-05 1.03E-04 6.47E-04 1.73E-04

Ni-59 6.57E-07 1.86E-05 4.69E-06 7.54E-06 1.62E-05 4.46E-06 1.21 E-05 1.57E-05

Co-60 1.32E-06 8.00E-05 5.63E-05 1.43E-04 9.52E-05 1.01 E-04 1.42E-04 5.56E-05

Ni-63 6.07E-05 1.71 E-03 4.36E-04 6.97E-04 1.49E-03 4.12E-04 1.11E-03 1.30E-03

8e-79 1.23E-05 1.05E-05 2.59E-05 1.92E-05 1.01 E-05 3.06E-05 1.37E-05 1.75E-05

8r-90 1.06E+02 8.46E+01 3.97E+01 2.19E+02 1.36E+02 1.72E+02 1.86E+02 9.60E+01

Y-90 1.06E+02 8.46E+01 3.97E+01 2.19E+02 1.36E+02 1.72E+02 1.86E+02 9.60E+01

Nb-93m 4.81 E-05 2.00E-04 1.10E-04 1.02E-04 1.40E-04 8.16E-05 2.50E-04 1.53E-04

Zr-93 3.32E-05 2.60E-04 1.28E-04 1.24E-04 1.67E-04 9.08E-05 3.79E-04 1.82E-04

Tc-99 3.04E-03 2.25E-03 2.45E-03 3.29E-03 2.39E-03 3.13E-03 3.16E-03 2.13E-03

Total 2.20E+02 1.78E+02 8.65E+01 4.46E+02 2.78E+02 3.51 E+02 3.90E+02 1.98E+02
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Table 4 - Tank Volumes
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Tank
Process Sizing 80·/. of Process Sizing

(gal) Gallons Liters
Feed Receipt Tank 32,000 25,600 96,907
Cs Product Tank 8,600 6,880 26044
LAW Product Tank 23,000 18,400 69,652
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Assessment Summary Form (FC-1.1.2)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Safety - 1.0
Process Safety - 1.1
Concentration of radiological and chemical MAR - 1.1.2

Assessment Scope: This assessment evaluates the concentration of radiological (unit liter dose) and
chemical (unit sum of fractions) material at risk (MAR), which is the amount of material available to be
acted on by a given physical stress.

Conditions: In the FC process, waste is concentrated by evaporation until sodium salts exceed their
solubility limits. Cesium and other soluble isotopes remain in the liquid phase (liquor) while sodium salts
form solid crystals. The liquor is separated from the crystals which represent the decontaminated product.

Fractional crystallization is a stage-wise separation technique that relies upon liquid-solid phase transition
and enables multi-component mixtures to be split into narrow fractions, ultimately leading to top purities
of selected components, through the virtue of selectivity found in solid liquid equilibrium.

For the operating ranges proposed, the soluble radionuclides such as 137Cs and "Tc are far from their
saturation concentrations and do not crystallize from solution during evaporation. As a result, 137Cs is
eventually transferred to a cesium product tank and returned to the DSTs.

Other Considerations: Chemicals are not included as a component ofthe FC process. However, the
potential to perform chemical cleaning of components would introduce reagents that would need to be
evaluated for toxic consequences. This evaluation does not include a chemical analysis.

Trace amounts oflow solubility and/or slow dissolving salts such as oxalate and sulfate may remain as
suspended solids in the dissolver product. These salts have TEEL values dependent on the particular salt.
Further investigation and understanding ofthe salts forming as a result ofthe process would be required
to fully complete the chemical (sum of fractions) evaluation.

References: Fractional Crystallization Process Flow Diagram, RPP-RPT-37551, Draft A ("Interim
Pretreatment System Pre-Conceptual Candidate Technology Descriptions")

ICRP 68, Dose Coefficients for Intakes ofRadionuclides by Workers

Attachments: Table 1: Unit liter dose values for FC cesium separation process

Assessment Summary: The cesium-loaded aqueous stream has the highest calculated unit liter dose
(ULD) values. Total ULD values are reduced by approximately 34% prior to return to the DSTs. The
radiological MAR concentration of the LAW supplied to the WTP is equivalent with that calculated for
the CSSX and IX-SRF processes.

Chemical MAR analysis was not included in this evaluation based on the absence of chemical control as
part ofthe process, which is unique to the FC technology.

Prepared by: Douglas B. Teachout

Reviewed by: Gary Dunford
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Table 1 - Unit Liter Dose for FC Technology

RPP-RPT-37741, Rev 0

Waste Stream

Tank
Concentrate

Feed
First Stage Cs Return Second LAW to

toDST Waste toDST Stage Feed WTP
(Stream 2) (Stream 3) (Stream 13) (Stream 14) (Stream 20) (Stream 29)

AN-I04 48.7 48.7 175.7 116.5 1.5 1.3
AP-I0l 82.8 82.8 341.6 226.5 1.3 1.1
AP-I02 63.2 63.2 182.5 98.7 0.8 0.5
AP-I03 72.4 72.4 215.1 142.7 2.6 2.8
AP-I04 53.6 53.6 167.5 111.1 1.7 1.7
AP-I05 73.5 73.5 207.3 137.5 2.1 2.2
AP-I07 167.7 167.7 777.5 515.6 3.0 2.4
AP-I08 56.4 56.4 149.6 99.2 1.3 1.2

333



RPP-RPT-37741, Rev 0

Assessment Summary Form (FC-1.1.3)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization (FC)
Safety - 1.0
Process Safety - 1.1
Dispersability ofthe MAR - 1.1.3

Assessment Scope: The scope ofthe assessment is determination ofthe dispersability of radiological and
chemical material at risk (MAR) with particular attention given to the physical form ofthe MAR.

Conditions: Qualitative evaluation ofthe form ofthe MAR during the solvent extraction process (i.e.,
extraction, scrubbing, stripping, and washing operations).
Fractional crystallization (FC) is a stage-wise separation technique that relies upon liquid-solid phase
transition and enables multi-component mixtures to be split into narrow fractions, ultimately leading to
top purities of selected components, through the virtue of selectivity found in solid-liquid equilibrium.
For the operating ranges proposed, the soluble radionuclides such as 137Cs and "Tc are far from their
saturation concentrations and do not crystallize from solution during evaporation.
In the FC process, waste is concentrated by evaporation until sodium salts exceed their solubility limits.
Cesium and other soluble isotopes remain in the liquid phase (liquor) while sodium salts form solid
crystals. The liquor is separated from the crystals which represent the decontaminated product.
Abnormal operations can generate a significant entrainment load in the vapor phase.

None

I R</.,=", Noo'

Attachments: None

Assessment Summary: The radiological MAR remain entrained in liquids during the FC process through
control of solubility parameters. Abnormal operations can generate a significant entrainment load in the
vapor phase.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Assessment Summary Form (FC-1.1.4)

Technology: Fractional crystallization
Criteria: Safety - 1.0
Measure: Process Safety - 1.1
Definition: Dispersive energy - 1.1.4

Assessment Scope: The scope ofthis assessment is focused on evaluating the dispersive energy
inherent in process parameters (e.g., heat, off gassing, pressure). Focus will be placed on interally
initiated events and process-initiated events only. Consideration may be given to parametric factors such
as temperature, flow rate, pressure, kinetic energy, etc.

Conditions: Fractional crystallization (FC) is a stage-wise separation technique that relies upon liquid
solid phase transition and enables multi-component mixtures to be split into narrow fractions, ultimately
leading to top purities of selected components, through the virtue of selectivity found in solid-liquid
equilibrium. For the operating ranges proposed, the soluble radionuclides such as 137Cs and "Tc are far
from their saturation concentrations and do not crystallize from solution during evaporation. In the FC
process, waste is concentrated by evaporation until sodium salts exceed their solubility limits. Cesium
and other soluble isotopes remain in the liquid phase (liquor) while sodium salts form solid crystals. The
liquor is separated from the crystals which represent the decontaminated product.
The liquor and crystallized product are transferred through the process by several pumps and held, at
times, in a variety oftanks. Thermal input is provided by heat exchangers in the crystallizer reboilers and
recirculation to the dissolvers but has no effect on dispersion energy ofthe system.

Other Considerations: Chemical addition is not required in FC and is also not included in cleaning
cycles.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions, Section 6.2

Attachments: Table 1: Dispersion energy evaluation

Assessment Summary: Dispersion energy for the FC process is minimal. Transfer pumps provide the
majority of energy input to the process. Absence of chemical additions is a plus for FC.

Prepared by: Douglas B. Teachout

Reviewed by: Gary Dunford
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Table 1: Dispersion Energy Evaluation

RPP-RPT-37741, Rev 0

Background Information
DOE-HDBK-301 0-94, Airborne Release Fractions/Rates and Respirable Fractions for Nonreactor
Nuclear Facilities, provides a compendium of analyses and experimental data from which airborne
release fractions (ARFs) and respirable fractions (RFs) may be derived. The purpose ofthese values is
to provide a method to determine quantities of radioactive material driven airborne for the purpose of
estimating the scope of potential release spectrum and potential downwind consequences from a given
facility or activity. Dispersive energy and the sources of this energy have a key role in determining the
values to be used from the handbook.

Energy Source Evaluation
Rotational Feed pump (25 gpm) The rotational motion ofthe pumps in the FC
Kinetic Energy LAW product pumps (100 process first converts the energy ofthe prime mover

gpm) into velocity or kinetic energy and then into pressure
Cs product pumps (100 gpm) energy ofthe fluid being pumped. Pressure energy
Crystallizer recirculation developed by this process acts as the dispersive
pump (5,600 gpm) energy for the material at risk in the system.
Centrifuge feed pump (15
gpm) Dissolver recirculation
pump (100 gpm)
Dissolver discharge pump (20
gpm)
Condensate pump (40 gpm)
Spent wash pump (15 gpm)
Centrifuge liquor pump (25
gpm)

Potential Energy Tanks and Vessels Potential energy can be converted to dispersion
- Gravitational energy in the form free-fall spills, sprays, etc. A

component leak or rupture would be required to
permit liquid to escape to form an atmospheric
dispersion.
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Assessment Summary Form (FC-1.1.5)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Safety - 1.0
Process Safety - 1.1
Process Stability - 1.1.5

Assessment Scope: The scope ofthe assessment includes evaluation of the inherent process stability
including the proposed process control system, method of shutdown, and ease of shutdown. Rapid
response to a safe shut down configuration is the desired end state.

Conditions: The Fractional crystallization (FC) process operates under vacuum conditions and modest
temperatures (~60C). The process (boiling stops) shuts down when the FC units loses vacuum. The
thermal mass ofthe FC units while large is not at significantly elevated temperatures. Rapid shutdown
can happen by either shutting off the reboiler stearn flow or decreasing the vacuum. The concern with FC
shut down is the continued solids formations as the solutions cool. If the FC units can not be "dumped"
or flushed then potentially solid will create a significant restart challenge. Therefore a shut down should
allow for the FC units to flushed/diluted. The solid/liquid separation steps have little inventory and
shuttin!! off the Dower and a quick flush should out them in a safe confi!!uration.

I R</.,=", Noo'

Attachments: None

Assessment Summary: Short term short downs can be rapid. Longer term shutdowns required flushing
to prevent significant solid build up in the FC units.

Prepared by: GaIT Dunford

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-1.1.6)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Safety - 1.0
Process Safety - 1.1
Process that does not create a new or exacerbate an existing Tank Farm hazard is preferred
to one that does - 1.1.6

Assessment Scope: The assessment evaluates potential accident initiators. Objectively, it is desired to
demonstrate that the technology does not create a new or exacerbate an existing Tank Farm hazard.

Conditions: The Fractional crystallization (FC) technology was reviewed against the candidate accident
scenarios and underlying hazard evaluations.

Above ground structure failure: Performing maintenance on equipment creates a potential to drop
equipment that subsequently both damages the component or another system component and results in a
radioactive release, e.g. aboveground transfer line.

Other Considerations: The IPS safety evaluations ofthe cesium separation technologies show that FC is
more likely to experience the greatest potential for an above ground failure due to the size and number of
components in the system.

References: RPP-13033, "Tank Farm Documented Safety Analysis"

Attachments: Evaluation ofImpact on Tank Farm Hazards

Assessment Summary: FC has the potential to impact hazards that would exacerbate one of the
representative candidate accident scenarios. The impact on hazards and accident initiators is minimal
based on the absence of chemicals used for cleaning as in the other cesium separation technologies, which
prevents deflagration and incompatibility issues.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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The Tank Farms documented safety analysis (DSA) discusses the selection of representative accident
scenarios for hazard evaluation. Potential hazardous conditions were collected into candidate accident
groups sharing similar accident phenomenology. With the candidate accident scenarios defined, accident
scenarios were developed representative ofthe characteristics of each candidate accident phenomena.
Reevaluation ofthe scenarios was performed, subsequent to development, to determine if each candidate
accident was unique for all other candidate accidents. Candidate accidents wee then combined to form
the final set of representative accidents.

Candidate accidents that were grouped into a representative accident and a brief description ofthe hazard
associated with each include:
• Flammable gas accidents: includes deflagrations initiated by the ignition of flammable gases in the

headspace of a DST/SST.
• Nuclear criticality: includes assessment of fissile material and the favorability ofthe geometry to

result in a criticality.
• Vacuum exhaust line rupture: release of waste aerosols to the atmosphere resulting from a rupture

ofthe vacuum exhaust line during vacuum retrieval operations.
• Release from contaminated facility: flammable gas deflagration in a waste transfer-associated

structure that results in an uncontrolled release of radioactive and other hazardous material.
• Tank failure due to excessive loads: waste tank dome failure caused by excessive concentrated or

uniform load external to the tank, load drop, and internal loads caused by waste storage.
• Above ground structure failure: encompasses drops of contaminated equipment (e.g., the dropping

of a contaminated pump as it is being withdrawn from a tank with subsequent release from the pump)
and other releases from contaminated above ground structures (e.g., waste leaking from a pump as it
is removed from a tank, a crane load drop onto a HEPA filter housing, or a facility collapse caused by
aging or natural phenomena.

• Mixing of incompatible materials: initiated by the addition of an incompatible material with tank
waste resulting in the release oftoxic components.

• Waste transfer leak: encompasses all waste transfer-related leaks; two candidate leak scenarios
were selected as most representative, a fine spray leak and a large pipe break into a pit.

• Unplanned excavation I drilling: accident initiated by accidentally excavating or drilling into an
active or inactive liquid disposal site (e.g., crib, ditch, or pond), an unplanned release site, or an
underground waste tank contaminated plume column in the 200 Area.

Evaluation oflmpact on Tank Farms Hazards

Tank Farms Representative Potential to Impact on Accident I Hazard
Accident Scenarios CFF RM CSSX FC RFIX

Flammable Gas Accidents No No No No No

Nuclear Criticality No No No No No

Vacuum Exhaust Line Rupture No No No No No

Release from Contaminated Facility No No No No No

Tank Failure Due to Excessive Loads No No No No No

Above Ground Structure Failure Yes Yes Yes Yes Yes

Mixing ofincompatible Materials Yes Yes Yes No Yes

Waste Transfer Leak No No No No No

Unplanned Excavation I Drilling No No No No No
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Assessment Summary Form (FC-1.1.7)

Technology: Fractional crystallization
Criteria: Safety - 1.0
Measure: Process Safety - 1.1
Definition: Less fire hazard - 1.1.7

Assessment Scope: Evaluation ofthe combustible loading inherent to the technology. This includes, but
is not limited to, the presence of combustible materials, the production of flammable gas, or flammable
by-products.

Conditions: In the Fractional crystallization (FC) process, waste is concentrated by evaporation until
sodium salts exceed their solubility limits. Cesium and other soluble isotopes remain in the liquid phase
(liquor) while sodium salts form solid crystals. The liquor is separated from the crystals which represent
the decontaminated product. This process does not involve the use of chemicals or result in any reaction
that would result in development of a flammable gas.

References: RPT-RPP-37551, Draft A, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: Combustible material and development of a flammable gas are not considerations
for the FC process.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Assessment Summary Form (FC-1.1.8)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Safety - 1.0
Process Safety - 1.1
Reactive Chemicals - 1.1.8

Assessment Scope: Evaluate the overall process for the presence of reactive chemicals. This evaluation
will include the potential for reactive chemical combination during the process cycle.

Conditions: Fractional crystallization (FC) does not use any chemicals during normal processing.
Flushes or cleaning (as needed) are expected to use water. The concentrate FC products should be
completely compatible with the existing TF waste.

Other Considerations: If it is determined during testing/processing that nitric acid or other chemicals are
needed to clean the FC units or solid/liquid separators, further evaluation will be required at that time.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: There is no anticipated chemical reactivity in the FC process. However, ifnitric
acid (or other chemicals) is required for cleaning this technology, further development is needed.

Prepared by: GaIT Dunford

Reviewed by: ---"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (FC-1.2.1)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Safety - 1.0
Criticality Safety - 1.2
A Process that is inherently subcritical is preferred over a process that relies on criticality
controls - 1.2.1

Assessment Scope:
Sub-bullets for this definition are:

+ Does the process have less than the minimum critical mass?
+ Does the process alter the form and distmbution ofthe IF waste

Conditions: The Fractional Crystallization (FC) process does not accumulate fissile material. The hold
up in the system based on supernatant concentration is well below the minimum critical mass and
approaches 15 grams (fissile exempt) per the attached table (grams of 239pU in each full feed batch). The
process does not alter IF waste/solids such that the criticality analysis is impacted.

Other Considerations: SRS did have a criticality concern with accumulation of fissile solids in one of
their evaporators. However, there are no similar or analogous conditions/feeds in the FC process.

References: RPP-13033, "Tank Farm Documented Safety Analysis"

Attachments: Table 1: 239pU content in feed vectors

Assessment Summary: The process is sub critical under normal and off normal conditions; a criticality is
not credible because the fissile mass is too low. This process does not change the result ofthe TF DSA
evaluation.

Prepared by: GaIT Dunford

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Table 1: Pu-239 Content in Feed Vectors

Feed Isotope Ci/hr to Cs Sep Total Ci Total Grams
AN-104 239Pu 4.94E-05 3.46E-Ol 5.58E+OO
AP-lOl 239Pu 1.47E-03 l03E+Ol 166E+02
AP-102 239Pu 207E-04 1.45E+OO 2.34E+Ol
AP-l03 239Pu 8.87E-04 6.22E+OO lOOE+02
AP-104 239Pu 4.66E-04 3.27E+OO 5.27E+Ol
AP-105 239Pu 193E-04 l.35E+OO 2.19E+Ol
AP-107 239Pu 3.54E-03 2.48E+Ol 401E+02
AP-108 239Pu 2.48E-04 l.74E+OO 2.81E+Ol

Total values are in the complete tank/feed batch to be processed
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Assessment Summary Form (FC-1.3.1)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Safety - 1.0
Industrial Safety and Hygiene - 1.3
Less hazards/less severe hazardous is better - 1.3.1

Assessment Scope: Evaluate the Fractional crystallization (FC) technology flow sheet and layout to
identifY potential hazards to personnel including: walking/elevated working surfaces, access/egress,
temperature/pressure extremes, ergonomic hazards, and atmospheric hazardous/industrial hygiene
sampling.

Conditions: The Fractional crystallization (FC) feed receipt, cesium product and LAW product tanks will
be located in a below-grade facility. Thus, access and egress is only from above and would be considered
a confined space entry into a radiation zone (once operations begin). No chemicals are added during
processing that would require storing and mixing (RPP-RPT-30160 §A.2.2). There are two crystallizers,
two vacuum pumps, two heat exchangers, two re-boilers, two condensers, and approximately seventeen
transfer pumps that could be hazardous to personnel. The majority ofthis equipment is located below
grade and would be a confined space entry into a radiation zone; the crystallizers are approximately 30 ft
tall and span the below-grade vault and above-grade structure; these may require a ladder and elevated
walkways for access. A stearn boiler and chiller are mounted on pads located on-grade. As-needed
process sampling is performed in a dedicated remote sample room located on-grade.

Other Considerations: Cesium separation facility layouts do not have enough detail to identifY
ergonomic hazards at this time but it is assumed that final equipment layout would maximize accessibility
by maintenance personnel to the extent possible.

References: RPP-RPT-30160, 2006, Supporting Information For The Evaluation Of Waste Treatment
And Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Fractinator Plan Cross Flow, Draft pdf dated 5/15/08
Fractinator Plan Cross Flow Elevation, Draft pdf dated 5/15/08

Attachments: None
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Assessment Summary:
• FC feed receipt, cesium product and LAW product tanks located below-grade in confined space

radiation zone

• No chemicals added during processing

• FC equipment includes 2 vacuum pumps, 2 heat exchangers, 2 re-boilers, 2 condensers, and
approximately 17 transfer pumps located below-grade in confined space

• Two crystallizers ~30 ft tall and span the below-grade vault and above-grade structure; may

require ladder and elevated walkways for access

• Stearn boiler and chiller located on-grade.

• As-needed process sampling is performed in a dedicated remote sample room located on-grade

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: Garv Dunford
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Assessment Summary Form (Fe-2.1.I)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization (FC)
Regulatory/Stakeholder Acceptance
Achieve Tribal Nations/Stakeholder's Acceptance - 2.1
Early waste treatment enabled - 2.1.1

Assessment Scope: Can the technology be ready by the target start date for IPS? This includes
completion oftesting, design, construction, permitting, and operational readiness review. (Only
technology dependent issues will be considered.)

Conditions: Construction and operational readiness are theoretically possible within the timeframe
necessary to make early pretreatment viable. The mission support schedule scenarios support Tank Farm
pretreatment operation prior to the target start date. (RPP-RPT-30160 §5.3.2.1 and 5.3.2.2) See
Assessments PROG-5.2.3 for programmatic permitting risks.
From a regulatory/permitting perspective it is possible for all the necessary permits and compliance
documents to be completed within the timeframe necessary to make early pretreatment viable. The
elapsed time from permit application preparation to receipt of permit is highly variable. It is assumed that
a RCRA permit for a new TSD facility will require the most time - approximately 2 years. All schedules
assume a 2 year period to complete all necessary permits. (RPP-RPT-30160 §3.6.5.4)
Industry standards are adequate for all equipment; no special design or development is required for use at
the Hanford Site.

Other Considerations: The alkaline-side FC process is considered unproven for pretreating LAW
solutions. Lab-scale FC tests have been conducted with 2 waste samples and met the LAW feed
acceptance criteria for the demonstrated bulk vitrification system. Lab-scale FC tests with Hanford tank
waste simulants is on-going. Additional demonstration testing will be required to determine acceptability
ofthis technology. (RPP-PRT-30160, §A.2.2)

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary:
• Industry standards are adequate for all equipment so no special design for development is

required.

• FC requires additional demonstration testing with actual Hanford waste samples.

• Possible to complete permitting, construction and operational readiness or startup by the target
start date.

Prepared by: Kim Sheldon, Vista Engineering

Reviewed by: -,P~...eSc..."'S"'chlla"'u"'s'--- _
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Assessment Summary Form (Fe-2.1.2)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization (FC)
Regulatory/ Stakeholder Acceptance
Achieve Tribal Nations/Stakeholder's Acceptance - 2.1
Land usage (more contaminated ground) - 2.1.2

Assessment Scope: Estimate the footprint ofthe facility including piping to/from the facility.

Conditions: Process equipment is generally located in underground, shielded vaults with removable
concrete beams as cover blocks; process support equipment will be located above grade (RPP-RPT
37551, §8.0). Process vault plus process building footprints have been calculated from the FC facility site
plans (RPP-RPT-37551, Table 6 - 46). FC with RMF is 5699 ft2 while FC with CFF is 5963 ft'.

Other Considerations: There are two possible site locations for the IPS Facility (see Site Evaluation
2E-08-11). Both sites passed the site evaluation; however, site #1 is the preferred location. The footprint
ofthe transfer piping to/from the IPS Facility will vary depending upon which site is chosen (but is
independent of cesium separation technology). Calculated facility area does not include areas such as
facility ventilation, support buildings, contingency expansion space, and parking that would be required
regardless oftechnology choice.

References: RPP-RPT-37551, 2008, Interim Pretreatment System Pre-conceptual Candidate Technology
Descriptions, CH2MHILL Hanford Group Inc., Richland, Washington.

Site Evaluation 2E-08-11 dated 4/30/08
Attachments: None.

IAssessment Summary: Maximum FC process vault plus process building footprint is 5699 f1:'

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (FC-2.2.1)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Compliance with applicable regs (RCRA, NEPA/SEPA, NESHAPS, NPDES, CAA,
DOE Orders) - 2.2.1

Assessment Scope: Has this technology previously been permitted for use? Are there factors related to
the use ofthis technology that would affect the permitting process?

Conditions: FC is a cornman industrial process and was also used at the Hanford Site from 1974 through
1985. A FC process was developed and demonstrated at the lab-scale using LAW solutions. Lab-scale
testing with Hanford tank waste stimulants is on-going. The alkaline-side FC process is considered
unproven for pretreating LAW solutions. There is a base of information to start the permit application
process. For schedule and planning purposes it is assumed that the permitting process will take 28 - 33
months for all technology choices. FC has been previously permitted for use on the Hanford Site (e.g.,
242-A Evaporator).
RCRA - The Interim Pretreatment System and temporary tank storage units will constitute RCRA
treatment, storage, and disposal (TSD) units, and will require submittal of a Part B Permit Application
pursuant to WAC 173-303-806, and Ecology issuance of a final status RCRA Part B permit prior to
operation (WAC 173-303-840). (RPP-RPT-30160 §3.6.5.4)
CAA/NESHAPS - Three Notices of Construction (NOC) will be required for the LAW Pretreatment
System and temporary tank storage units: A radioactive air emissions NOC submitted to the State of
Washington Department ofHealth pursuant to WAC 246-247 and a non-radioactive NOC submitted to
Washington State Department of Ecology pursuant to WAC 173-400 and 460, with a copy provided to
US EPA. (RPP-RPT-30160 §3.6.5.4)
NEPA - It is assumed that IPS will be covered by the Tank Closure and Waste Management (TC&WM)
Environmental Impact Statement (expected 12/2009) and issuance of its Record ofDecision (expected
1/2010). Based on the ROD, an evaluation of the FC technology will need to be performed to determine
whether it is adequately covered or additional NEPA coverage is required (e.g., Environmental
Assessment). In the event that completion ofthe TC&WM-EIS is significantly delayed beyond its
expected completion date of 12/2009, an alternate NEPA option may be required, e.g., an Interim Action
Environmental Assessment.
SEPA - DOE needs to submit a SEPA Checklist along with the RCRA permitting documentation for the
proposed activities. Ecology will compare the impacts ofthe proposed activities to the analysis
performed in the applicable NEPA document and determine whether that analysis adequately addresses
the proposed activities. (RPP-RPT-30160 §3.7)
NPDES - Not applicable to this activity.

Other Considerations: In the past State regulators have been amenable to expediting the permit process
to accelerate cleanup (e.g., demo bulk vit and IDF).
Unless the NEPA evaluation determined that one ofthe technologies required an EA, while none of the
others did, regulatory compliance does not appear to be a discriminator.

Assumes a ROD on the TC&WM EIS is completed on the expected schedule (January 2010), so that the
rest of the permitting effort can go forward.
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References: RPP-RPT-30l60, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Tank Closure & Waste Management EIS, draft.

Attachments: None

Assessment Summary:
o FC is a common industrial process and was also used at the Hanford Site from 1974 through

1985.

o This technology has previously been pennitted for use on the Hanford Site.

o Lab-scale testing with Hanford tank waste stimulants is on-going. The alkaline-side FC process

is considered unproven for pretreating LAW solutions.

o There is a base of information to start the pennit application process.

o Assumes a ROD on the TC&WM EIS is completed on the expected schedule, so that the rest of

the pennitting effort can go forward.

Prepared by: Kim Sheldon, Vista Engineering

Reviewedby:~P~.~S~.~S~ch~a~u~s~ ___
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Assessment Summary Form (FC-2.2.2)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Impact to Disposal System Performance - 2.2.2

Assessment Scope: Does the technology create an additional need for disposal of secondary waste? Is
the nature ofthe secondary waste such that constituents of potential concern (COPC) are mobilized that
increase long term storage risk?

Conditions: Items such as PPEs, HEPA filters, failed equipment, etc. are commonly disposed of during
Tank Farms operations. Current mass balance flowsheets for the cesium separation technologies do not
identifY COPC levels for the secondary wastes (i.e., FC effluent to ETF) (RPP-RPT-37551, Table 6-22).
Disposal activities would include sampling ofthe waste to ensure that Waste Acceptance Criteria (WAC)
is met.

Other Considerations: Technetium, iodine and chromium content (above the respective WAC) in the
secondary wastes could pose a problem during disposal activities and should be further investigated.

References: RPP-RPT-37551, May 2008, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions, Rev. A (Draft), CH2MHILL Hanford Group Inc., Richland,
Washington.

Attachments: None

Assessment Summary: Need to further investigate chemical compositions of secondary wastes for

COPCs including technetium, iodine and chromium

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-2.2.3)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Secondary Waste Fonn and Quantity - 2.2.3

Assessment Scope: IdentifY the nature ofwaste(s) that cannot be returned to the Tank Farms. Estimate
the quantity of each waste stream.

Conditions: A review ofthe Fractional Crystallization (FC) Mass Balance Summary (RPP-RPT-37551,
Table 6-22) identified one secondary waste stream: Stream 30 - Liquid Effluent to ETF (Effluent
Treatment Facility). The total quantity ofliquid effluent for the eight tanks is 7,256,143 L or 1.9 million
gallons (see table below). This liquid effluent is surplus process condensate with trace contamination at
levels similar to process condensate from the 242-A evaporator (currently being processed at ETF). It is
assumed that the FC effluent will be transferred to the ETF for processing. Gaseous effluents (process
off-gassing) will be routed through a two-stage HEPA filter prior to discharge. HEPA filters and their
upstream pre-filters are disposed of as LLW; it is assumed that these filters would need to be replaced at
most once during the facility's life cycle. Other secondary wastes of unknown quantities that will need
disposal include personal protection equipment (PPEs) and failed equipment (no chemicals are added as
part ofthe FC process). The amount ofPPEs for disposal would be proportional to the number and
frequency of planned entries into contaminated areas (for maintenance, etc.). Failed equipment are off
nonnal occurrences and difficult to estimate.

·d fflStream 30 - LIQUi E uent to ETF

Tank Effluent (L1hr) Total Hours Effluent (L)

AN-I04 1.63E+03 1411 2299930

AP-I0l 2.50E+02 2693 673250

AP-I02 5.14E+02 1636 840904

AP-I03 3.45E+02 2155 743475

AP-I04 3.47E+02 1929 669363

AP-I05 2.68E+02 1927 516436

AP-I07 4.31E+02 2518 1085258

AP-I08 2.01E+02 2127 427527

Total ~ 7256143

Other Considerations: It is assumed that the two-stage HEPA filtration ofprocess off-gassing will be
sufficient to meet clean air discharge standards.
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References: RPP-RPT-3755l, May 2008, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions, Rev. A (Draft), CH2MHILL Hanford Group Inc., Richland,
Washington.

Attachments: None

Assessment Summary:
• 7,256,143 L (1.9 million gallons) ofliquid effluent for treatment at ETF

• Gaseous effluent will be HEPA filtered (2 stages) prior to release; assume one time replacement
of filters (HEPA and pre-filters) during facility life cycle

• Unknown quantity ofPPEs and failed equipment for disposal

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (Fe-2.2A)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Potential impacts to other permitted facilities - 2.2.4

Assessment Scope: Evaluate the impact ofthe technology on the operations of other permitted facilities
on the Hanford Site. This includes any impacts to waste acceptance criteria (WAC), safety basis and
permit requirements.

Conditions:
LERF/ETF
Secondary liquid wastes are generated as a result ofIPS processing. IPS generates neutralized cesium
eluate solution that must be managed within the DST system. Approximately 7.8 ML (2.1 million
gallons) ofliquid effluent is generated by the FC process that is sent to LERF/ETF for treatment. The
current waste acceptance criteria for the ETF will be met. (RPP-RPT-30160 §3.3.2) (See assessment
CF-REG-2.3)
WTP
Assuming certain plant modifications are completed, the current WTP Project commissioning approach
will support startup and operation ofthe LAW vitrification facility, without the support ofthe WTP
Pretreatment facility. This assumes that the required services from Balance of Facilities (BOF) and the
WTP Laboratory (LAW) are provided consistent with facilities being commissioned and operated. (RPP
RPT-30160 §3.5.2) The start of radioactive operations prior to completion of WTP construction may
impact productivity ofthe construction work force. Due to the close proximity ofthe construction areas
to operating areas and potential for chemical or radiological releases affecting construction, additional
hazard controls may be required. (RPP-RPT-30160 §3.6.4)
Tank Farms and 242-A Evaporator
The modifications to the Tank Farms required to support IPS include waste transfer system modifications
and construction! installation of processing equipment. At this time it is undetermined whether permit
modifications will be necessary for existing operations or whether permits for the pretreatment process
will be sufficient for all interfaces. (RPP-RPT-30160 §3.5.1)
222-8 Lab
At this time it is undetermined whether permit modifications will be necessary for existing operations due
to the increased volume of samples that will be sent to the lab as a result ofInterim Pretreatment.

Other Considerations: Assumptions include:
• The planned upgrade ofthe ETF will be completed prior to start ofIPS.

• Effluent production levels of are within the capacity ofthe LERF/ETF facilities to manage and

theETF-WAC.

• All secondary solid waste is suitable for onsite disposal and will meet the current waste

acceptance criteria.
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References: RPP-RPT-30l60, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary:
• The safety basis impacts will need to be evaluated regardless ofthe technology combination that

is finally selected.

• Waste streams being sent to ETF do not exceed the process capabilities. The current waste
acceptance criteria for the ETF will be met.

• The current WTP Project commissioning approach will support commissioning and operation of
the LAW vitrification facility, without the support ofthe Pretreatment facility.

• Evaluation needed to confirm secondary waste meets the waste acceptance criteria.

Prepared by: Kim Sheldon, Vista Engineering

Reviewedby:~P~.~S~.~S~ch~a~u~s~ ___
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Assessment Summary Form (Fe-3.1.1)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Technical Matnrity/Flexibility - 3.0
Technology Readiness Level - 3.1
TRL Number - 3.1.1

Assessment Scope: Determine a Technology Readiness Level (TRL) number for the subject technology.

Conditions: Establish number on the assumption of statns as of May 30, 2008, consistent with guidance
in DOE Process Guide (DOE 2008).

Other Considerations: Determination is based upon initial Technology Readiness Assessment ofthe
subject technology performed by DOE (DOE 2007); the technology was rated a TRL of 4. This
assessment evaluated technology, programmatic, and manufactnring related questions consistent with the
then draft DOE Process Guide. Some questions were modified in the final issued Process Guide (DOE
2008) but are not significant to the conclusions ofthe DOE 2007 assessment. A TRL level was qualified
if all questions in that level were concluded as "Yes" with documented results. Several "No" answers
were indicated on levelS of the DOE Assessment, documented in table C4.

References:
DOE 2007, Technology Readiness AssessmentJor the Supplemental Treatment Program, DOE/ORP

2007-01, US DOE Office of River Protection, October 2007.
DOE 2008, Technology Readiness Assessment (TRA) / Technology Maturation Plan (TMP) Process

Guide, US DOE Office of Environmental Management, March 2008.

Attachments: Re-examined table C4 from DOE 2007.

Assessment Summary: TRL - 4

TRL workshop with senior management personnel was conducted on May 13 -15, 2008 to review past
DOE Assessment (DOE 2007) and consider if conditions have changed since the previous year to warrant
increase in TRL number. Personnel in the workshop concluded that there were still sufficient negative
responses to the queries associated with TRL-5 such as to maintain the same conclusions as the DOE
Assessment (DOE 2007). TRL-5 query documentation is attached.

Prepared by: A. R. Tedeschi Date: May 23, 2008

Reviewed by: -'P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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TABLE I
Annotated Table C4 "Technology Readiness Level 5 Summary for the Fractional Crystallization System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 1. Cross-technology issues (if any) have No change from prior Basis determination
been fully identified Criterion in DOE 2008 was changed to

following question: "1. The relationships
between major systems and sub-system
parameters are understood on a laboratory
scale." Results would still be "Yes" for this
query.

N 2. Plant-size components available for No change from prior Basis determination
testing

Y 3. System interface requirements known No change from prior Basis determination
(How will system be integrated into the
plant?)

Y 4. System requirements flow down No change from prior Basis determination
through work breakdown structure Criterion in DOE 2008 was changed to
(design engineering begins) following question: "4. Preliminary Design

Engineering begins." Results would be "No"
for this answer since Conceptual design is not
completed. This would not change overall
TRL level because of existing "No's" in this
level.

N 5. Requirements for technology No change from prior Basis determination
verification established

Y Laboratory-scale similar system tested No change from prior Basis determination
with limited range of actual wastes, if This criterion in DOE 2008 was deleted. This
applicable would not affect the overall conclusion because

of the "Yes" answer.

Y 6. Interfaces between No change from prior Basis determination
components/subsystems in testing are
realistic (benchtop with realistic
interfaces)

Y Significant engineering and design No change from prior Basis determination
changes This criterion in DOE 2008 was deleted. This

would not affect the overall conclusion because
of the "Yes" answer.

Y 7. Prototypes of equipment system No change from prior Basis determination
components have been created (know
how to make equipment)
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TABLE I
Annotated Table C4 "Technology Readiness LevelS Summary for the Fractional Crystallization System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 8. Tooling and machines demonstrated No change from prior Basis determination
in laboratory for new manufacturing
processes to make component

Y 9. High fidelity laboratory integration of No change from prior Basis determination
system completed, ready for test in
relevant environments

Y 10. Design techniques have been No change from prior Basis determination
defined to the point where largest Criterion in DOE 2008 was revised to:
problems defined "Manufacturing techniques have been defined

to the point where largest problems defined."
This would probably be a "No" because pilot
scale testing is not completed, verifYing design
issues with very large crystallizer and
centrifuge. This does not affect overall score
because of other "No's."

Y 11. Laboratory-scale similar system No change from prior Basis determination
tested with range of simulants

Y 12. Fidelity of system mock-up No change from prior Basis determination
improves from laboratory to bench-
scale testing

Y 13. Availability and reliability (RAMI) No change from prior Basis determination
target levels identified

Y 14. Some special purpose components No change from prior Basis determination
combined with available laboratory
components for testing

Y 15. Three-dimensional drawings and No change from prior Basis determination
piping and instrumentation drawings Criterion in DOE 2008 was revised to: "Three-
have been prepared dimensional drawings and P&IDs for the

prototypical engineering-scale test facility have
been prepared." Answer would still be "Yes.".

Y 16. Laboratory environment for testing No change from prior Basis determination
modified to approximate operational
environment

Y 17. Component integration issues and No change from prior Basis determination
requirements identified
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TABLE I
Annotated Table C4 "Technology Readiness Level 5 Summary for the Fractional Crystallization System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 18. Detailed design drawings have been No change from prior Basis determination
completed to support specification of Criterion in DOE 2008 was revised to:
pilot testing system "Detailed design drawings have been

completed to support specification of
engineering scale testing system." Answer
would still be "Yes.".

Y 20. Preliminary technology feasibility No change from prior Basis determination
engineering report completed

Y 21. Integration of modules/functions No change from prior Basis determination
demonstrated in a laboratory/bench-
scale environment

Y 22. Formal control of all components to No change from prior Basis determination
be used in final system

Y 23. Configuration management plan in No change from prior Basis determination
place

Y 34. Risk management plan documented No change from prior Basis determination

Y Formal inspection of all modules to be No change from prior Basis determination
used in the final design This criterion in DOE 2008 was deleted. This

would not affect the overall conclusion because
of the "Yes" answer.

Y Integration of modules/functions No change from prior Basis determination
demonstrated in a laboratory This criterion in DOE 2008 was deleted. This
environment would not affect the overall conclusion because

of the "Yes" answer.

Note: The final DOE Process Guide (DOE 2008) included additional questions from those previously
documented in 2007 DOE Assessment (DOE 2007). They are included below in Table 2 for
completeness with a short summary conclusion by the author (without documented evidence); they were
not evaluated by the TRL Workshop team. They would not affect the TRL # determination, since several
"No's" have already been identified. However six ofthe eleven queries are qualitatively concluded as
"No" lending significant weight to the validity ofthe current TRL #.
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Criteria Criteria
Satisfied (numbers added consistent with DOE Conclusion
YIN 2008)

N 19. Requirements definition with Final design functional requirements not
performance thresholds and objectives documented
established for final plant design

N 24. The range of all relevant physical Final engineering scale testing not completed
and chemical properties has been
determined (to the extent possible)

Y 25. Simulants have been developed that Simulants developedfor engineering scale
cover the full range of waste properties testing

N 26. Testing has verified that the Final engineering scale testing not completed
properties/performance ofthe simulants
match the properties/performance ofthe
actual wastes

Y 27. Laboratory-scale tests on the full Lab-scale test completed
range of simulants using prototypical
systems have been completed

N 28. Laboratory-scale tests on a limited Need additional DST tank waste tests
range of real wastes using a prototypical
system have been completed

N 29. Test results for simulants and real Final engineering scale testing not completed
waste are consistent

Y 30. Laboratory to engineering scale Highly evaluated engineering scale testing
scale-up issues are understood and program
resolved

N 31. Limits for all process Safety control work not completed sufficiently
variables/parameters and safety controls for "refinement"
are being refined

Y 32. Test plan for prototypical lab-scale Program is in engineering scale testing phase
tests executed - results validate design

Y 33. Test plan documents for Program is in engineering scale testing phase
prototypical engineering-scale tests
completed
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Assessment Summary Form (3.1.2)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization (FC)
Technical Matnrity/Flexibility - 3.0
Technology Readiness Level - 3.1
Effort to mature technology (cost and schedule) - 3.1.2

Assessment Scope: Determine rough order of magnitnde (ROM) cost and schedule for developing this
technology to technology readiness level (TRL) Level 6, allowing transition into final design (consistent
with DOE 2007). This effort covers testing for technology maturity only, i.e., development and
qualification testing. It does not include factory acceptance, construction acceptance, or operational
testing costs; these three project testing activities and all other project costs are covered by other
assessments. This is a ROM estimate for comparison purposes only; final estimates will be documented
in the Technical Matnration Plan.

Conditions: The base condition is established by TRL level 4, identified in same technology assessment
form TM-1.1. TRL 6 is defined in the DOE Process Guide (DOE 2008). Cost and schedule is planned
from technology status as of October 1, 2008.

Other Considerations: Major scope for achieving TRL 6 was defined in a TRL workshop of senior
management May 13 -14, 2008.

References:
DOE 2007, Technology Readiness AssessmentJor the Supplemental Treatment Program, DOE/ORP

2007-01, US DOE Office of River Protection, October 2007.
DOE 2008, Technology Readiness Assessment (TRA) / Technology Maturation Plan (TMP) Process

Guide, US DOE Office of Environmental Management, March 2008.

Attachments: None

Assessment Summary:
ROM Cost ~ $ 3.0 M
ROM Schedule ~ 30 months
Major scope:

15. Complete testing with a broader range of actual DST waste samples.

16. Determine impacts to Hanford tank storage and final vitrified product from chemical carryover

17. Perform additional simulant testing to better understand impacts of potassium and full range of

organICS
18. Obtain additional data for aluminum solubility and validate against design assumptions

19. Perform additional testing on optimization of sulfate separation
20. Simulate 2-stage crystallizer operation

Base Assumptions:
9. Laboratory unit is still available for radioactive sample testing
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10. Additional simulant development work will be needed

11. Existing engineering scale system can be used for additional testing without significant changes

Prepared by: A. R. Tedeschi

Reviewed by: "-P"'.S"-.-'S"'c"'h"-au"'s'--- _
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Assessment Summary Form (FC-3.1.3)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Technical Matnrity/Flexibility - 3.0
Technology Readiness Level - 3.1
Probability of Success - 3.1.3

Assessment Scope: IdentifY technology matnration risks for the subject technology identified in the
technology description document (Draft CH2M HILL 2008), and from the technology readiness
assessment workshop, May 13 - 14, 2008.

Conditions: This is a subjective analysis of risk. Major risks will be identified and evaluated for the
following impacts to cost and schedule, resulting in the classic ranking. The following ranking table will
be used from the tank farm risk management procedure (CH2M HILL 2008), providing relative
Probability of Success binning as follows:
High Probability of Success: Worst case risk is Medium
Medium Probability of Success: Worst case risk is High
Low Probability of Success: Worst case risk is Very High

Risks will be listed in the Assessment Summary section. The worst case risk will be used as the final
qualifier for this assessment.

QUALITATIVE RISK VALUES

CONSEQUENCE

Very High
>$5M
>3 Mo

[3] Medium

High
>$1M <5M,

>1 Mo < 3Mos

[3] Marginal >0.4 to :0;0.6 [2] Low
[2] Unlikely >0.25 to .;0.4
[1] ery n ley «0.25)

[4] Likely >0.6 to ';.85 [2] Low

Very Low Low Medium
<$250K, >$250K <$500K, >$500K <$1 M,

F.P""R;.:O;:;B:::A,::B:;I;;L1~T.;,y,...,--=.,.---=+ ....",<,.,5.,;D;.;a;"y,;,S"...-I-_>.;.5..,Days <~2~W:k:S:t::>2=i!WkS < 1 Mo.
[5] Very Likely >.85 to 1.0 [3] Medium ill

Other Considerations: The technology readiness assessment workshop May 13 -14, 2008 gathered two
senior technical managers and multiple technical personnel to identifY risk items. The consequence and
probability values ofthese risk items (similarly for those items noted in the technology description) are
the determination ofthe author. This risk evaluation will only consider those risks associated with
technology development, and not include risks from design or operation.

References:
Draft - CH2M HILL 2008, May, T.H. et ai, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008
CH2M HILL 2008, RiskManagement, TFC-PRJ-PC-C-13, Rev B-6, April 2008, CH2M HILL Hanford

Group Inc., Richland, WA

Attachments: None
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(Worst Case Technology Maturation Risk is "Medium")

Risks identified in draft RPP-RPT-37551:
1. Uncertainty offinal cesium separation through additional testing and modeling during technical
maturation may require significant model revision and/or additional tests.

Consequence: High
Probability: Unlikely
Risk: Medium

2. Uncertainty ofevaporation endpoints above current tested ranges may require significant model
revision and/or additional tests.

Consequence: Medium
Probability: Marginal
Risk: Medium

Risks identified from technology readiness workshop May 13 - 14.
1. Centrifuge run-time/reliability is not qualified and may require additional testing.

Consequence: Medium
Probability: Marginal
Risk: Medium

Prepared by: A. R. Tedeschi

Reviewed by: ...p"'.S"'.-'S"'c"'h"'au"'s'- _
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Assessment Summary Form (FC-3.2.1)

Technology: Fractional crystallization
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Ability to process a variety of feeds - 3.2.1

Assessment Scope: Evaluate general flexibility of system to process tank farm input streams that
vary in critical characteristics.

Conditions: This is a subjective evaluation of current capability based upon existing
configuration information, past test results, and understanding of the unit operations. This effort
supports determination of the overall Technology Readiness Level. Critical input stream
characteristics include:

• Chemistry (material/concentration, etc.)

• Physical properties (temperature, density, viscosity, etc.)

Other Considerations: While some laboratory and engineering prototypical effort has been
performed, testing bounding all actual DST waste and simulants is not completed.

References: CH2M HILL 2008a, Herting, D. L., Fractional Crystallization Feed Envelope,
RPP-RPT-36854 Rev 0, March 2008, CH2M HILL Hanford Group Inc., Richland WA.

CH2M HILL 2008b, May, T. H. et aI, Project W-551, "Interim Pretreatment System," Pre
conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008, CH2M
HILL Hanford Group Inc., Richland WA.

Attachments: Table 1 - Proposed Feed Envelope for FC Process

Assessment Summary: Chemistry - Fractional crystallization is highly sensitive to analytes in
the waste mixture that have similar solubility curves to sodium compounds. Envelope testing of
analytes to determine the impact on proposed design and operation (CH2M HILL 2008a) has
concluded that while some compositions impact operation there is no feed composition likely to
be derived from salt cake dissolution that would cause the fractional crystallization process to not
meet performance requirements. Also concluded in the feed envelope study was that there were
no lower concentration limits for the process for the analyzed chemicals while an upper limit
feed envelope was defined.
Physical - Crystallization and centrifuge operation are sensitive to a variety of physical
parameters affecting physical stream characteristics and behavior, including: crystallizer
pressure, temperature, and feed rate, and centrifuge rotation rate, timing, and feed rate. These
parameters are generally well-known and managed bv standard design controls.

Prepared by: A. R. Tedeschi

Reviewed by: ~P~.-"S,-,-.-"S"'c""h""au"'s"---- _
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Assessment Summary Form (FC-3.2.2)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Technical Matnrity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Ability to adjust process rate - 3.2.2

Assessment Scope: Conclude general flexibility of system to handle varying process feed/output rate.

Conditions: This is a subjective evaluation ofthe ability to adjust the subject technology input feed rate
while maintaining stable technology operation, based upon existing configuration information, past test
results, and understanding ofthe unit operations. The technology shall be binned into the following
categories:
High Rate Flexibility ~ Can adjust process feed rate across wide range while having minimal effect on
operation.
Medium Rate Flexibility ~ Can only slightly adjust feed rates while maintaining stable operation.
Low Rate Flexibility ~ Slight feed rate adjustment will have high probability ofprocess upsets and
require significant effort to recover technology stability.

Other Considerations: All systems are operated by a similar pumping design. It is assumed that the
optimum design will be selected for feed rate control dependent upon the technology, i.e., valving,
pressure monitoring, automatic flow-control valves, and/or variable speed drives will be used as
appropriate. Since these support systems are extraneous to the technology, the specific feed control
scheme application will not be weighted - only the response ofthe technology to varying conditions.
Also, theoretically, process rate adjustment is a matter of design risk. Overcapacity could be designed
into the cesium separation system to handle rate fluctnations, by increasing the number of units. It is
assumed that the current pre-conceptual design as noted in the design description will be adequate to meet
specified flow capacities.

References:
Draft - CH2M HILL 2008, May, T. H. et aI, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Throughput Flexibility - High
Fractional crystallization technology has three significant flexibilities inherent in its design to manage
varied flow rates. First, the crystallizer boil-up is easily managed for a changing feed rate through
multiple monitoring oflevel, pressure, and temperature, simple heat adjustment to the reboiler, and simple
vacuum adjustment at the vacuum pump system. Second, multiple recycle lines from process tanks allow
a controlled response to dynamic rate changes. Lastly, the secondary unit operations of centrifuging has
controls that also allow controlled responses to dynamic rate changes (e.g., recycle routing, centrifuge
rotation rates, and centrifuge flow control.

These flexibilities are inherent in the hardware technology, and while testing should be employed to fine
tune this flexibility it is not needed to validate the rate control potential - this technology hardware has
been demonstrated historically to provide this feed flexibility.
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This flexibility is significant when compared to caustic side solvent extraction and is therefore assigned a
binning of "High."

Prepared by: A. R. Tedeschi
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Assessment Summary Form (FC-3.2.3)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Technical Matnrity/Flexibility - 3.0
Process Flexibility and Rbustness - 3.2
Flexibility to modifY product - 3.2.3

I Assessment Scope: Determine technology design and process control flexibility.

Conditions: This is a subjective evaluation based upon the technology and applied process control
ability. The following binning is arbitrarily defined to establish flexibility based upon degrees offreedom
oftechnology choices and process control parameters.
High filtration product flexibility ~ > 12 degrees of freedom.
Medium filtration product flexibility ~ < 12 and> 5 degrees offreedom
Low filtration product flexibility ~ < 5 degree offreedom.

Other Considerations: The baseline 137 Cs concentration is assumed to be met by all three technologies.
All three technologies are also assumed to meet the maximum requirements for the other radionuclides
(BN! 2008).

References:
BN! 2008, Robert Hanson to S.A. Saunders, Early LAW Waste Receipt Criteria Revision, Memorandum,

CCN #155899, April 8, 2008, Bechtel National, Inc. Richland, WA.
Draft - CH2M HILL 2008, May, T.H. et aI, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008
Attachments: None

Assessment Summary: Product Flexibility ~ High
Design and operating degrees of freedom ~ 15

30. Crystallizer size/number
31. Heat input (boil-up rate)

32. Crystallizer vacuum

33. Initial feed flow rate/pressure
34. Wash recycle rate

35. Solids recycle rate
36. Dissolver chemistry
37. Dissolver timing/rate

38. Centrifuge feed rate
39. Centrifuge rotation

40. Centrifuge pore size
41. Centrifuge size
42. Number of centrifuges

43. Centrifuge dissolver recycle rate
44. Condensate recycle to dissolver rate

Prepared by: A. R. Tedeschi
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Assessment Summary Form (3.2.4)

Technology: Fractional Crystallization
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Ability to expand - 3.2.4

Assessment Scope: Evaluate flexibility of system to handle additional waste volume

Conditions: This is a subjective evaluation of current capability based upon existing
configuration information, past test results, and understanding of the unit operations. This effort
supports determination of the overall Technology Readiness Level.

Critical expansion characteristics include:
• Ability of existing design to handle additional feed volumes

• Ability for installation of addition separation unit operations into existing footprint

Evaluation assumes this flexibility is based upon additional volume/mass only with all other
waste conditions remaining constant.

References: CH2M HILL 2008, May, T. H. et aI, Project W-551, "Interim Pretreatment
System, " Pre-conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008,
CH2M HILL Hanford Group Inc., Richland WA.

Attachments: None

Assessment Summary: Crystallizer is sized (6200 gallons) to provide an 8 hour residence time
at the maximum centrifuge rate. Centrifuge rate of 15 gpm is based upon maximum steady state
flow from crystallizer.

Capacity increase would require significant equipment size increases as well as foot-print
modification.

Prepared by: A. R. Tedeschi
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Assessment Summary Form (FC-3.2.5)

Technology: Fractional crystallization
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Recover from out of spec product - 3.2.5

Assessment Scope: Define flexibility of system to address product that does not meet
specification requirements.

Conditions: This is a subjective analysis based upon the current process flowsheet, without
specific systems assumed for recycle and storage to address out of specification product.
Flexibility is defined by the following binning:
High flexibility for recovery ~ existing system will allow recycle of product for convergence to
proper specifications without additional hardware systems (assumes minimal software changes).
Medium flexibility for recovery ~ system requires minimal storage or processing or software
modifications to allow for convergence of recycle streams to proper specifications (e.g., $lM
$5M)
Low flexibility for recovery ~ system requires significant storage or processing or software
modifications to allow convergence of recycle streams to proper specifications. (e.g., $5M
$20M)
Very Low flexibility for recovery ~ final product can no longer be further processed to improve
specification; out-of specification material must be segregated for special disposal handling or
blending for other treatment processes.

I Other Considerations: None

References: Draft - CH2M HILL 2008, May, T.H. et aI, Project W-551, "Interim Pretreatment
System," Pre-conceptual Candidate Technology Descriptions, RPP-RPT-3755l, June 2008

Attachments: None

Assessment Summary: Recovery flexibility ~ Medium
Current design employs recycle line from second stage crystallizer into first stage. System
chemistry and configuration allow for the installation of recycle piping from final product tanks
into crystallizer feed tank. System would require minor tank storage changes to handle out of
specification product while recycling.

Prepared by: A. R. Tedeschi
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Assessment Summary Form (FC-3.2.6)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Technical Maturity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Technology applicability to other DOE complex projects - 3.2.6

Assessment Scope: Define technology interface in relationship to other pretreatment activities occurring
across the DOE complex.

Conditions: This is a subjective analysis providing a ranked perspective of interfaces. Binning shall be
defined as follows:
High applicability to other DOE complex projects ~ Identical technology was or is being deployed in
other DOE site(s) for full scale operation.
Medium applicability to other DOE complex projects ~ Identical technology is under investigation at
other DOE site(s) for deployment.
Low applicability to other DOE complex projects ~ Identical technology is planned for investigation at
other DOE site(s).
No applicability ~ No further planning of deploying this technology is being considered at any other DOE
complex site.

I Other Considerations: None

References:
Draft - CH2M HILL 2008, May, T.H. et aI, Project W-55I, "Interim Pretreatment System," Pre
conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Technical applicability is No (below "Low").

This technology is under investigation only at Hanford for potential pretreatment application of tank
wastes. It has not been deployed nor planned for final deployment at any other DOE site.

Prepared by :_~A,-,,--.R=.-"T-"e",de",s",c""hi,,-· _
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Assessment Summary Form (FC-4.1.1)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Minimize number and frequency of surveillances - 4.1.1

Assessment Scope: The number and frequency of routine process parameters that must be recorded on
procedure data sheets during Fractional Crystallization (FC) operating and shutdown periods.

Conditions: There are at least fifty eight (58) process parameters and eleven (11) leak detectors that
require measurement and/or recording during routine FC equipment operation.

Other Considerations: As the detailed design of the FC system is developed there may be more process
parameters that will require monitoring and recording.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.2
Attachments: A list of process parameters to be monitored is attached.

Assessment Summary: This FC process has at least fifty eight (58) process parameters and eleven (11)
sump leak detectors that require measurement and/or recording during routine equipment operation

Prepared by: Paul Kison
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Fractional Crystallization Process Parameters

1. Feed Tank Level

2. Feed Tank Specific Gravity

3. Waste Feed Pump Flow

4. Waste Feed Pump Amps

5. Waste Feed Pump Windings Temperature

6. Stearn Header Pressure

7. Reboiler 1 Stearn Pressure

8. Reboiler 1 Stearn Flow

9. Reboiler 1 Stearn Temperature

10. Reboiler 1 Condensate Temperature

11. Recirculation Pump 1 Amps

12. First Stage Condenser Inlet Temperature

13. First Stage Condenser Outlet Temperature

14. First Stage Crystallizer Pump Amps

15. First Stage Crystallizer Pump Flowrate

16. First Stage Centrifuge Motor Amps

17. First Stage Centrifuge Speed

18. First Stage Spent Wash Tank Level

19. First Stage Spent Wash Pump Amps

20. First Stage Dissolver Tank Level

21. First Stage Dissolver Tank Pump 1 Amps

22. First Stage Dissolver Tank Pump 2 Amps

23. First Stage Dissolver Tank Heater Inlet Temperature

24. First Stage Dissolver Tank Heater Outlet Temperature

25. First Stage Condensate Tank Level
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26. First Stage Condensate Tank Pump Amps

27. Reboiler 2 Stearn Pressure

28. Reboiler 2 Stearn Flow

29. Reboiler 2 Stearn Temperature

30. Reboiler 2 Condensate Temperature

31. Recirculation Pump 2 Amps

32. Second Stage Condenser Inlet Temperature

33. Second Stage Condenser Outlet Temperature

34. Second Stage Crystallizer Pump Amps

35. Second Stage Crystallizer Pump Flowrate

36. Second Stage Centrifuge Motor Amps

37. Second Stage Centrifuge Speed

38. Second Stage Spent Wash Tank Level

39. Second Stage Spent Wash Pump Amps

40. Second Stage Dissolver Tank Level

41. Second Stage Dissolver Tank Pump 1 Amps

42. Second Stage Dissolver Tank Pump 2 Amps

43. Second Stage Dissolver Tank Heater Inlet Temperature

44. Second Stage Dissolver Tank Heater Outlet Temperature

45. Second Stage Condensate Tank Level

46. Second Stage Condensate Tank Pump Amps

47. Cesium Product Tank Level

48. Cesium Product Tank Specific Gravity

49. Cesium Product Tank Pump Amps

50. Cesium Product Tank Cooling Inlet Temperature

51. Cesium Product Tank Cooling Outlet Temperature
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52. LAW Product Tank 1 Level

53. LAW Product Tank 1 Specific Gravity

54. LAW Product Tank 1 Pump Amps

55. LAW Product Tank 2 Level

56. LAW Product Tank 2 Specific Gravity

57. LAW Product Tank 2 Pump Amps 1

58. Filter Cell Leak Detector

59. Feed Receipt Cell Leak Detector

60. Cesium Product Cell Leak Detector

61. LAW #1 Product Cell Leak Detector

62. LAW #2 Product Cell Leak Detector

63. Crystallizer #1 Cell Leak Detector

64. Crystallizer #2 Cell Leak Detector

65. Reboiler #1 Cell Leak Detector

66. Reboiler #2 Cell Leak Detector

67. Dissolver/Condensate #1 Cell Leak Detector

68. Dissolver/Condensate #2 Cell Leak Detector

69. Building Air Flow

70. Building Vacuum

71. Cooling Water Skid Pump Amps

72. Cooling Water Skid Water Outlet Temperature

73. Cooling Water Skid Compressor Amps
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Assessment Summary Form (FC-4.1.2)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Minimize number ofpeople to operate - 4.1.2

Assessment Scope: Determine the number ofpersonnel required to operate the FC system.

Conditions: The personnel required to operate the FC system is five (5) operators, one (1) HPT, one (1)
process (or system) engineer, one (1) supervisor, one (1) instrument technician, and one (1) electrician
assigned to the FC facility.

Other Considerations: During "hot" testing and initial startup ofwaste processing, the staff should be
increased to assure adequate troubleshooting and technical experts are available to preclude process
upsets and to evaluate equipment performance.

References: RPP-RPT-37551, Draft A "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: Personnel requirements by job

Assessment Summary: A total often (10) people will be required for normal operation ofthe FC system.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Personnel Required:

Control Room Operators - 2 each
Aqueous Makeup/Sampling Operators - 2 each
Sampling/Transfers Operator - 1 each
Health Physics Technician - 1 each
Instrument Technician - 1 each
Electrician - 1 each
Engineer - 1 each
Supervisor - 1 each
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Assessment Summary Form (FC-4.1.3)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Ease of startnp and shutdown - 4.1.3

Assessment Scope: Determine the complexity of startnp and shutdown ofthe components ofFC system
and its ancillary equipment.

Conditions: Startnp of the FC system requires the cooling water system, vacuum and off gas systems to
be operational before the preheating ofthe reboilers and crystallizers is started. The recirculation of salt
solution through the units is required before the introduction ofthe waste feed stream.
Shutdown ofthe FC system may require dilution ofthe salt solutions in the reboilers and crystallizers to
prevent plugging with solids that form at lower temperatures. Another option would be to empty the
reboilers and crystallizers to the feed tank and dilute the contents as required to preclude excessive solids
buildup.
Startup and shutdown ofthe centrifuges can be performed independently depending upon the volumes
and concentration ofthe materials is first and second stage crystallizers and dissolvers.

Other Considerations: The routine startup and shutdown ofthe FC must be performed over an extended
period oftime to assure that the process operations are maintained within flowsheet guidelines.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptnal Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: The startnp and shutdown ofFC system is medium level activity when compared
to the other cesium removal technologies. It is a two-stage operation that will require extensive
monitoring in approach to equilibrium conditions.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-4.1.4)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Minimize system complexity - 4.1.4

Assessment Scope: The complexity ofthe Fractional Crystallization (FC) system is determined by the
number of components, support systems, and controls required to operate the process.

Conditions: The FC system active components include fifteen (15) pumps, two (2) centrifuges, two (2)
centrifuge wash systems, sixteen (16) flow control valves and two (2) cooling water systems.

The FC system passive components include two (2) reboilers, two (2) crystallizers, nineteen (19) tanks,
six (6) condensers, two (2) stearn jets, one (1) vault ventilation system, one (1) air handling unit and one
(1) process off-gas ventilation unit.

Each tank will require instrumentation to measure level, specific gravity, temperature, and differential
pressure.
Process stearn is required for the operation ofthe reboilers, crystallizers, and stearn jets in the vessel vent
systems.
Each cell within the facility should be equipped with a leak detector, alarm system, and sump empty out
equipment.
There are at least ten (10) process variables that affect the quality ofthe product streams and six (6)
variables that impact the operating efficiency ofthe FC system.

Other Considerations: The FC process is effective in the removal of salts from waste stream and
separation ofthe soluble cesium component. The off-gas system condensate creates a waste stream that is
potentially contaminated and must be transferred and treated for disposal at the Effluent Treatment
Facilitv CETF) which adds to cost of ooeration.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 8.2

Attachments: None

Assessment Summary: The FC system has a medium level of complexity for the removal of cesium from
the waste tanks.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-."'S"'ch"a"'u"'s'--- _
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Assessment Summary Form (FC-4.1.5)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number of chemicals needed - 4.1.5

Assessment Scope: Determine the number and types of chemicals required for operation ofthe FC
system and components.

Conditions: The current process flow sheet for FC does require any chemical additions and recycles as
much water as possible back into the process to reduce discharges.

Other Considerations: The only potential chemical additions would be hydrogen peroxide or ozone to
oxidize the nitrites in the feed stream to increase the sodium yield in the product stream. However, this is
not included in the currently proposed flow sheet.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2.2

Attachments: None

Assessment Summary: There are no chemicals routinely used in the FC system. Water generated is
recycled internally in the process to the maximum extent possible.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-4.1.6)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Minimize number of process and regulatory samples - 4.1.6

Assessment Scope: Determine the number and frequency of process samples required for normal
Fractional Crystallization (FC) operations and the samples that are required to meet regulatory
requirements.

Conditions: The cesium product and LAW product stream should be sampled daily to monitor the
process for flow sheet compliance.
Stearn condensate from the vacuum jets should be sampled on a daily basis to assure that the condensate
meets the Effluent Treatment Facility's Waste Acceptance Criteria so that it can be transferred to and
treated at that facility.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: Daily samples ofthe cesium product, LAW product, and vacuum jet stearn
condensate are required for a total offive (5) samples per day.

No regulatory samples have been identified at this time.

Prepared by: Paul Kison

Reviewed by: ---"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (FC-4.1.7)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Ease of Process control and operation - 4.1
Batch verses continuous - 4.1.7

Assessment Scope: Determine the most productive and efficient method of operation for the FC system.

Conditions: The FC system operation will be operated on a campaign basis, one campaign per candidate
feed tank. The time requirements for startup and shutdown are rather extensive. However, once the
process has achieved equilibrium, the operations should continue for as long as there is waste feed
available for processing. The dissolution, centrifugation, waste washing and centrifuge cleanout has to be
performed on a batch basis while the first and second evaporators can be operated on a continuous basis
as long as the centrifugation process can keep up with their output.. It should be possible to reduce waste
feed input and maintain the reboilers and crystallizers at very low boil off rate until the centrifugation
svstems reduce anv backlog at which time normal processing rates can be resumed.

Other Considerations: The chemical makeup ofthe double-shell tank (DST) wastes may impede the
performance ofthe FC system, whereas the salt cake wastes in the single shell tanks should be easier to
process and produce a higher yield of sodium salts. The DST wastes will likely need some pretreatment
to oxidize the nitrites to nitrates or selection of specific DST tanks with wastes compatible with the FC
process.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions"

Attachments: None

Assessment Summary: The FC system will operate on a campaign basis with the two evaporators
operating continuously and the centrifugation and product washing done on a batch basis.

Prepared by: Paul Kison

Reviewed by: ---"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (FC-4.1.8)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Ease of entry and exit from standby - 4.1.8

Assessment Scope: Evaluate impact oftemporary shutdown and requirements for restart ofthe FC
system operation

Conditions: The temporary shutdown ofthe FC system is accomplished by shutting off the feed to the
crystallizer and stopping the stearn flow to the reboilers/crystallizers. The stearn jets for the off-gas
system and the cooling water skids should remain operational during a temporary shutdown. The
dissolvers and centrifuges could continue operation or be shutdown as required. The requirement for
restart ofthe system is to reestablish stearn flow and slowly bring the temperatures in the
reboilers/crystallizers to boiling and start the feed. The centrifuges and dissolvers can be restarted
independent ofthe remainder ofthe process.

Other Considerations: The vacuum jets may also be shutdown, if needed, after stearn flow to the
reboilers/crystallizers is stopped. Normally during short-term shutdown, vacuum in the crystallizer will
be maintained. Note that the temperature ofthe crystallizer is always below the atmospheric pressure
boiling point. Vacuum could be reduced or stopped ifthere is a desire to slow the cooling rate ofthe
crystallizer when stearn flow is stopped.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2.2

Attachments: None

Assessment Summary: There will be little impact to the FC system of a temporary shutdown as long as it
is of short duration.. The requirements for restart would be to reestablish or verifY adequate vacuum,
restart stearn to reboilers/crystallizers and reestablish recirculation and turn on the feed pumps. The
dissolvers and centrifuges can be restarted independent ofthe reboilers and crystallizers.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'ch..a"'u"'s'- _
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Assessment Summary Form (FC-4.1.9)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Wide operating margin - 4.1.9

Assessment Scope: Evaluate the range of process parameters for the FC system.

Conditions: The FC system can accommodate a wide range of chemicals in the feed stream. The FC
system efficiency can be enhanced by pretreatment ofthe waste to oxidize the nitrites, neutralize the
hydroxides and precipitate the aluminum prior to processing.
There is approximately 20 degrees oftemperature range for operation ofthe reboiler/crystallizers as long
as there is negative pressure in the off-gas system. Ifthe reboiler/crystallizer is operated at a very high
temperature excessive solids/crystals may be formed and the result could be pluggage ofthe reboiler
tubes and!or the crystallizer.
The washing, dissolution, and centrifugation ofthe first and second stage crystallizer product have some
level of flexibility. The recovery from upset conditions will require the recycle of out-of-specification
material back through the feed tank but no process shutdowns should be required to facilitate recovery.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2.2

Attachments: None

Assessment Summary: The FC process can process a wide range of chemicals in the feed stream with
enhanced efficiency by pretreatment ofthe DST waste to reduce the nitrites, hydroxides and aluminum in
the feed. The FC process recovery from upset conditions or out-of-specification product is to recycle the
product stream back through the entire process and normally should not require a facility shutdown. The
FC process has a flexible range offlow sheet parameters for the most portions ofthe operating system.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-4.1.10)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Complexity oftransfers to, from and within Tank Farms - 4.1.10.

Assessment Scope: Identify any special equipment or processes required for the transfer of tank
wastes to, from and within Tank Farms to support the Fe system.

Conditions: There are no special processes required for the transfer of tank waste. If a hose-in-hose
transfer line (HIHTL) is used, it could be considered a special equipment item, but HIHTLs have been in
use for the past eight years at the Hanford site and should be considered a standard equipment item. The
FC transfers are standard tank-to-tank, and tank-to-equipment which are routine transfers for Tank Farm
Operations.

The transfer of condensate from the FC system to the Effluent Treatment Facility (ETF) is the only
transfer out ofthe Tank Farms and it currently being performed to support the operation ofthe 242A
Evaporator.

Other Considerations: The HIHTLs have a seven (7) year operating life and ifused, could require
replacement during the IPS operating period.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Sections 6. and 8.2

Attachments: None

Assessment Summary:
All transfers for the FC system are considered to be standard tank farm transfers and require no special
equipment or processes to accomplish the transfers. The transfer of condensate to the Effluent Treatment
Facility is currently a standard transfer during operation ofthe 242A Evaporator.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-."'S"'ch..a"'u"'s'- _
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Assessment Summary Form (FC-4.2.1)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
ALARA-4.2
Less required contact maintenance is better, etc. - 4.2.1

Assessment Scope: Evaluate the number of system components containing radioactive waste or
hazardous chemicals that require hands-on maintainence.

Conditions: The waste feed pump (1), centrifuges (2), and process pumps (15) are the primary active
equipment items that will contain radioactive waste and hazardous chemicals. The process will also
include an undetermined number of flow meters and flow control valves. These equipment items will
require hands-on maintenance unless the building is equipped with an overhead crane and remote
connectors for the equipment items similar to the canyon facilities, i.e., PUREX, etc. This would allow
total replacement of equipment without hands-on support.

The FC system is located in a separate building and will require a ventilation system, air handling unit,
and a process ventilation system which can potentially contain tank waste constituents.
The process condensate system components could potentially contain some quantity of radioactive waste
as the result of process upsets and it may require hands-on maintenance for pump, condenser or steamjet
work.

The majority ofthe instrument lines, leak detectors, flow meters, and radiation detectors are potentially
contaminated by tank waste constituents but do not represent a significant hazard for routine calibrations
and operability checks. Their replacement could expose personnel to radiological and chemical hazards.

Other Considerations: The pumps and centrifuges can be chemically cleaned to remove the majority of
the radiological hazards, but there will still be a risk of exposure to radiological and chemical
contamination during maintenance activities.

The piping systems for the process condensate and liquid storage tanks, heat exchangers, evaporators, etc.
may have flanged connections which will require periodic contact maintenance. Flushing or chemical
cleaning should remove the majority ofthe radiological and chemical contamination, but will still be
some risk of exposure.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Sections 6.2 7.6, and 8.2

Attachments: None

Assessment Summary:
There are a total of sixteen (16) pumps and two (2) centrifuges that represent the active equipment in FC
process facility that could require hands-on or contact maintenance for all repair and replacement
activities unless the facility is equipped with an overhead crane for remote maintenance.

The passive equipment, such as, the evaporators, dissolvers, heat exchangers, liquid storage tanks, etc.
which may have flanged connections in their piping systems will also require hands-on or contact
maintenance.
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The instrumentation, control systems, and building ventilation system will involve work within the tank
farms but the exposure to radiological and chemical hazards can be minimized. Their replacement would
require hands-on or contact maintenance but should be on an infrequent basis.

The majority ofthe maintenance and repair activities associated with Fe will likely be contact work.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (FC-4.3.1)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Reliability - 4.3
Number of active components - 4.3.1

Assessment Scope: Determine the number of active components and estimated frequency offailure.

Conditions: The major active components in the FC system are fifteen (15) pumps, two (2) centrifuges,
one (1) or two (2) cooling water skids, and the building ventilation system. There are flow control valves
that could be considered as active components, ifthey are equipped with diaphragm or hydraulic
operators to control the valve position during operation.

Other Considerations: The average operating life of waste feed pump is five (5) years. The process
transfer pumps should remain serviceable for 6-9 years.
The centrifuges in other facilities have experienced failure rates of once per 9-12 years.
The self contained cooling water skids have lasted 5-6 years before major repairs or replacement is
required.
The building ventilation exhaust fan and air handling unit may experience a failure after 5-6 years of
continuous service.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Sections 6.2,7.6 and 8.2

Attachments: None

Assessment Summary
The FC system contains twenty one (21) active components with service lives of>5 years. The
components are pumps, centrifuges, cooling water skids, and the building ventilation system.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-4.3.2)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Operability and Maintainability - 4.0
Reliability - 4.3
Reliability of analogous systems - 4.3.2

Assessment Scope: Compare the FC with comparable systems previously used at the Hanford site.

Conditions: There is significant Hanford experience at the 242-A and 242-S Evaporators in concentrating
tank wastes.
The FC system adds a second evaporator, two (2) dissolver tanks, and two (2) centrifuges along with
several support vessels and pumps to further improve the quality ofthe sodium salt product and
effectively remove cesium.
There is also previous operating experience from PUREX using centrifuges to recover and scrub process
waste streams for plutonium and uranium recovery. The centrifuges at PUREX operated efficiently and
with a minimum of maintenance required.
The FC system utilizes two stages of evaporation with a dissolution step between the two evaporations
and a centrifugation/washing ofthe second stage evaporator product to increase the removal of cesium
from the sodium salt product.

References: RPP-RPT-30160, Rev 0, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0, CH2MHILL
Hanford Group Inc., Richland, Washington

Attachments: None

Assessment Summary: The successful operation ofthe 242A and 242S evaporators provides a solid basis
for the successful operation and reliability ofthe FC system. All ofthe other process operations including
centrifugation have been used effectively at other Hanford facilities.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (FC-4.4.1)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize number of support systems - 4.4.1

Assessment Scope: Count of support systems required by the technology.

Conditions: Review ofthe simplified process flow diagram, and process description document, shows
this technology requires 3 standard services - air (assumed for instruments and valves), stearn, and
cooling water.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2.2

Attachments: None

Assessment Summary: By re-circulating wash liquids, a minimal amount of services is required to
support this technology.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-4.4.2)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization (FC)
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize number and frequency ofPM's - 4.4.2

Assessment Scope: Evaluation of number of components for the technology system that will require PM.
Common systems such as Cs product tanks, LAW product tanks, solids filter, etc, are not in the scope of
this assessment.

Conditions: The FC system will have approximately:
• 17 active components (15 pumps, 2 centrifuges)

• 12 passive components (6 condensers, 2 crystallizers, 2 reboilers, 2 stearn jets)

• 19 tanks/vessels

• Instrumentation

• Piping components (valves, etc)

This technology system has an appreciable number of rotating components, and passive components that
require monitoring. For the active components, regular intervals oflubrication and monitoring (visual,
vibration, etc) for potential faults will be required. PM monitoring ofthe passive components can be done
remotely via the control room. The piping and control systems needed to support the technology system
will be extensive, with many valves and instruments requiring PM.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Sections 6.2 and 7.8

Attachments: None

Assessment Summary: The level of PM required for this technology system is estimated to be extensive
due to the number of rotating components, the overall number of components, and the complex piping
and control system required to support the technology system.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-4.4.3)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize maintenance in zone entries - 4.4.3

Assessment Scope: Evaluate teclrnology for equipment in hazardous zones which requires hands-on
maintenance.

Conditions: This teclrnology has a high number of active components, and large number of components
overall, which will require an extensive piping network and control system. Assuming all components
requiring maintenance will be located in-zone, this teclrnology system will need numerous in-zone entries
to carry out maintenance activities.

References: RPT-RPP-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Teclrnology Descriptions", Section 7.8 and 8.2

Attachments: None

Assessment Summary: This technology system will have an extensive amount of equipment requiring
maintenance in-zone.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-4.4.4)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize specialized equipment and parts - 4.4.4

Assessment Scope: Evaluate teclrnology system for custom designed, one-of-a-kind components versus
established, commercially available designs.

Conditions: FC teclrnology is used commercially in other industries, and is similar to the evaporation
process used at Hanford. The crystallizer is made up of common components (vacuum pump, heat
exchanger), and the supporting equipment which makes up the FC system are also commercially available
components (pumps, tanks, centrifuges, etc). Therefore, the FC system is considered not to require
specialized equipment or parts.

Other Considerations: Depending on whether any ofthe components are to be designed for remote
handling/maintenance, the use ofjumpers and remote connectors would be required. However, since the
use ofjumpers is well established at Hanford, it would not be considered as specialized for this
application.

References: RPP-RPT-37751, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Teclrnology Descriptions, Section 7.8

Attachments: None

Assessment Summary: The FC system uses commercially available components.

Prepared by: Anthony Cutrona

Reviewed by: ---"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (FC-4.4.5)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize tank entries - 4.4.5

Assessment Scope: Evaluate teclrnology for placement on/in tanks.

Conditions: All components for this technology system will be located in the IPS facility; no placement
on or in the DSTs is required.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Teclrnology Descriptions", Section 8.2

Attachments: None

Assessment Summary: No tank entries are required for this technology.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-4.5.1)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Ease oftraining -4.5.1

Assessment Scope: Evaluate teclrnology system for complexity of operation and maintenance which
would require extensive training.

Conditions: The technology system uses processes and equipment which should be familiar to O&M
personnel. Therefore, ease oftraining for O&M becomes a function ofthe size and intricacy of the
system, e.g., number of components, support services needed, relative complexity of C&I and piping
systems, etc.

For this teclrnology system, training is estimated to be extensive due to the large number of components
and processes, and the complex control and piping systems required.

References: RPT-RPP-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Teclrnology Descriptions", Sections 6.2 and 8.2

Attachments: None

Assessment Summary: Training is estimated to be extensive for this technology system.

Prepared by: Anthony Cutrona

Reviewed by: --"P~...cS,,-.-"S"'ch"a"'u"'s'--- _
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Assessment Summary Form (FC-4.5.2)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Complexity of procedures - 4.5.2

Assessment Scope: Evaluate technology for complexity of design or operation that would require
extensive procedures.

Conditions: Assuming standard procedures are used for functions common to any nuclear facility (e.g.,
hazardous material handling, in-zone entry, safety, etc), then the measure of this definition is focused on
the specific system components which make up the technology. Therefore, complexity ofthe O&M
procedures is a function ofthe size and intricacy ofthe system, e.g., number of components, relative
complexity of C&I and piping systems, number ofprocesses, etc.

For this technology system, there are a large number of components and process steps. However, none of
the processes or components should be unfamiliar to O&M personnel. Therefore, complexity of
procedure involves start up and shut down, responding to upset conditions, maintenance routines, etc.

Procedure complexity is estimated to be high for this technology.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: Procedure complexity for the FC System is estimated to be HIGH, due to the
number of processes and components.

Prepared by: Anthony Cutrona

Reviewed by: ---"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (FC-4.5.3)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Similar to other process facilities on site - 4.5.3

Assessment Scope: Evaluate technology to determine if currently/previously used at Hanford.

Conditions: The FC technology is similar to that at the 242-A and 242-S Evaporators. This technology
adds residual liquor separation, salt washing, and a second stage crystallizing process to achieve the
required Cs decontamination factor for the LAW feed.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: Technology is similar to the evaporator process at 242-A and 242-S, with
additional steps to achieve required DF.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-4.6.1)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Operability and Maintainability - 4.0
Liquid/solid secondary waste - 4.6
Waste handling compatible with existing systems (DOE Order 420.1B) - 4.6.1

Assessment Scope: Evaluate the technology design and operating characteristics for required SSCs that
would fall outside the scope of DOE 420.1B.

Conditions: Order 420.1B is the general aspects of safety to be included in DOE facilities, and covers
Nuclear and Explosion safety design, Fire Protection, Criticality Safety, NPH Mitigation, and the System
Engineer Program. Review ofthe order finds no feature ofthe technology which would not fall under the
requirements.

References: DOE Order 420.1B

Attachments: None

Assessment Summary: The FC technology is compatible with DOE Order 420.1B.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (FC-4.6.2)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Operability and Maintainability - 4.0
Liquid/solid secondary waste - 4.6
Minimize operational impacts associated with hazardous waste handling - 4.6.2

Assessment Scope: Evaluate technology for impacts on process operations during secondary waste
handling.

Conditions: The secondary waste generated by the technology Cs product (returned to DST) and liquid
effluent (pumped to ETF). The system is designed for continuous operation, with no anticipated impact to
process operations to handle generated waste during normal operation.

Other Considerations: Impact to ETF needs to be analyzed, as the FC process to estimated to send
approx 7.8 million liters (2.1 million gallons) of secondary waste over the 5-year service life.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: The FC technology is suited for continuous operation, with no impact for
handling of secondary waste.

Impact to ETF needs to be evaluated due to the volume of secondary waste that the FC process will send
to this facility.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (5.1.1)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Capital costs - 5.1.1

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. The construction costs are based on
take-offs from the equipment lists, layouts, and data developed in RPP-RPT-3775l, Project W
551 Interim Pretreatment System Pre-conceptual Candidate Technology Descriptions.

The estimates are for comparison of options and are not complete project costs. Costs for items
such as control trailer, transformer, switchgear, motor control center, power transmission lines,
water supply lines, and sanitary waste removal have not been included as they have been
assumed to be similar costs for each option.

Capital costs associated with deactivation, decontamination, and demolition at the end of a 5
year operating period are included.

Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design @ 10%
• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor is applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
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be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRF/CFF @ 27 months
• FC/RMF @ 32 months
• FC/CFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro-filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
In order to meet its throughput demands, RMF paired with FC requires 3 times as many RMF
units as when paired with IX-sRF and CSSX. Engineering cost for the FC/RMF option
calculated as a percentage of the total construction costs, including the additional RMF units,
was considered disproportionately inflated. Consequently, the engineering cost for the FC/RMF
option is calculated assuming the reduced number of RMF units as when paired with IX-sRF and
CSSX.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates,"
6/18/08

Assessment Summary: The combination of Cross-Flow Filtration for entrained solids removal
and Ion Exchange using spherical Resorcinol-Formaldehyde resin provides the lowest capital
costs, while the capital costs for the other combinations range as much as 50% higher (CSSX
paired with RMF).
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Project W-551 IPS Options
Class 4 Capital Cost Estimate Summary
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Expected Accuracy Range -30% to +50% ($M)

Prepared by: w. E. Bryan Date: 6118108

Reviewed by: -"Pe,.",S",.S"'c"'ha"'u"'s'--- _ Date: 6/22/08
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Assessment Summary Form (5.1.2)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Life cycle costs - 5.1.2

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The life cycle costs include capital costs, operation and maintenance costs over a 5-year period,
and D&D costs. The estimates are based on take-offs from the equipment lists, layouts, and data
developed in RPP-RPT-3775l, Project W-551 Interim Pretreatment System Pre-conceptual
Candidate Technology Descriptions.

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. Capital costs associated with
deactivation, decontamination, and demolition at the end of a 5-year operating period are
included.

The operation and maintenance costs include specific work crews based on 24-7 operation over a
5-year period, the major chemicals and utility usage, planned equipment replacements, and any
incremental costs associated with a given technology required to satisfy the 5-year LAW
delivery mission.

The D&D costs include the site clean up costs.

The estimates are for comparison of options and are not complete project costs. Capital costs for
items such as control trailer, transformer, switchgear, motor control center, power transmission
lines, water supply lines, and sanitary waste removal have not been included, as they have been
assumed to be similar costs for each option. Costs for the development of procedures have not
been included, as they have been assumed to be similar costs for each option.

Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design (iiJ 10%
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• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor was applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRFICFF @ 27 months
• FC/RMF @ 32 months
• FCICFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
RMF paired with FC requires 3 times as many RMF units as when paired with IX-sRF and
CSSX. Engineering cost for the FC/RMF option calculated as a percentage of the total
construction costs, including the additional RMF units, was considered disproportionately
inflated. Consequently, the engineering cost for the FC/RMF option is calculated assuming the
reduced number ofRMF units as when paired with IX-sRF and CSSX.
The maximum capacity of the fuel oil heated steam supply system estimated for the two options
incorporating the fractional crystallization technology is driven by the high throughput
requirement of one of the original eight DST Tank waste streams. It is acknowledged that the
boiler will not operate and consume fuel at this maximum capacity during the total operating
time. Consequently, average annual fuel consumption has been incorporated into the estimate.
It is noted in RPP-RPT-37751 that the assumed design life of the rotary micro-filters is three
vears. Consequentlv, an out-year operating cost for replacement of the RMF units has been
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included in the fourth operating year in the estimates of the three options incorporating the rotary
microfiltration technology.

Costs for the following incremental Tank Farms waste transfers and SST retrievals are
incorporated into the operation estimates for the FC options, as additional Tank Farms waste
must be processed to satisfy the IPS requirement of delivering 1,175 MT Nalyr to WTP over 5
years.
• Sixteen (16) tank-to-tank transfers
• Two (2) SST retrievals
• Three (3) cross-site transfers

Estimates for the incremental transfers and retrievals associated with the FC options are derived
from the existing Tank Farms baseline. The "Interim Pretreatment Systems Options, 5 Year Life
Cycle Cost Estimates," 6/18/08, calculates add-on costs (e.g., escalation, productivity
adjustment, sales tax, contingency, etc.) against these activities. However, these add-on costs
associated with the incremental SST retrievals have been removed from the cost values depicted
in the life cycle summary charts and spreadsheet report.

Incremental operation of the 242-A Evaporator is required for the CSSX options. The "Interim
Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates," 6/18/08, does not include this
activity. Estimates for the incremental evaporator operation are derived from the existing Tank
Farms baseline and incorporated into the cost values depicted in the life cycle summary charts
and spreadsheet report. Add-on costs (e.g., escalation, productivity adjustment, sales tax,
contingency, etc.) are not applied to the incremental evaporator operation.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, Life Cycle Cost Estimates for 5-Year
Mission," 6/18/08

Assessment Summary: The combination of Cross-Flow Filtration for entrained solids removal
and Ion Exchange using spherical Resorcinol-Formaldehyde resin for Cs separation provides the
lowest life cycle costs for the IPS 5-year mission. Life-cycle costs for the five other
combinations of technologies for solids removal and Cs separation range upward to more than
50% higher (e.g., for CSSX/RMF when cost of further waste volume reduction using the 242-A
Evaporator is included and for the FC options when the incremental costs of waste transfers and
SST retrievals are included).
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Project W-551 IPS Options
Class 4 Life Cycle Cost Estimate Summary

IX-sRF/CFF 140 '00

IX-sRFIRMF 150 220

340

300

'90

'80

'40

250

220

190

190

170

FC/CFF
w/T&R

FC/CFF
C) w/oT&R
c:

IIIa.. FCfRMF
w/oT&R

c:o FCIRMF
_ w/T&R

O
c. CSSX/CFF

w/Evap.

CSSX/RMF 1 ~~ '~1~0~~~!~~~~~~3~1~0_~ ~w/Evap.

100 150 200 250 300 350 400

QpHon p.,,;". K9Y:
T&R- in'" m, nli>! tr""1,,,'" SST "tn,vol,
[v>p. - inc" m, nt,o 242-A £"'I''''1II:O' ,un,

Expected Accuracy Range ($M)
[-30% to +50% applied only to capital cost contribution]

Prepared by: w. E. Bryan Date: 6118/08

Reviewed by: -,Pc.."S,,-."S"'cha""'u"-s _ Date: 6/22/08
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Assessment Summary Form (5.1.3)

Technology: Paired IX-sRFICFF, IX-sRF/RMF, FCICFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Cost profile - 5.1.3

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The cost profiles present project year expenditures of the life cycle costs. The life cycle costs
include capital costs, operation and maintenance costs over a 5-year period, and D&D costs.
The estimates are based on take-offs from the equipment lists, layouts, and data developed in
RPP-RPT-37751, Project W-551 Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions.

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. Project year loading of the capital
expenditures follows the durations identified in the "Conditions" section. Capital costs
associated with deactivation, decontamination, and demolition at the end of a 5-year operating
period are included.

The operation and maintenance costs include specific work crews based on 24-7 operation over a
5-year period, the major chemicals and utility usage, planned equipment replacements, and any
incremental costs associated with a given technology required to satisfy the 5-year LAW
delivery mission. Project year loading of the operation and maintenance costs follows the
durations identified in the "Conditions" section.

The D&D costs include the site clean-up costs.

The estimates are for comparison of options and are not complete project costs. Capital costs for
items such as control trailer, transformer, switchgear, motor control center, power transmission
lines, water supply lines, and sanitary waste removal have not been included, as they have been
assumed to be similar costs for each option. Costs for the development of procedures have not
been included, as they have been assumed to be similar costs for each option.
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Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design @ 10%
• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor was applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRFICFF @ 27 months
• FC/RMF @ 32 months
• FCICFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

There has been no attempt at level loading the expenditures in the estimates.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro-filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
RMF paired with FC requires 3 times as many RMF units as when paired with IX-sRF and
CSSX. Engineering costs for the FC/RMF option calculated as a percentage of the total
construction costs, including the additional RMF units, were considered disproportionately
inflated. Consequently, the engineering costs for the FC/RMF option are calculated assuming
the reduced number ofRMF units as when paired with IX-sRF and CSSX.
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The maximum capacity of the fuel oil heated steam supply system estimated for the two options
incorporating the fractional crystallization technology is driven by the high throughput
requirement of one of the original eight DST Tank waste streams. It is acknowledged that the
boiler will not operate and consume fuel at this maximum capacity during the total operating
time. Consequently, average annual fuel consumption has been incorporated into the estimate.
It is noted in RPP-RPT-37751 that the assumed design life of the rotary micro-filters is three
years. Consequently, an out-year operating cost for replacement of the units has been included
in the fourth operating year in the estimates of the three options incorporating the rotary
microfiltration technology.

Costs for the following incremental Tank Farms waste transfers and SST retrievals for the FC
options are incorporated into the operation and maintenance estimates, as additional Tank Farms
waste must be processed to satisfY the 5-year LAW delivery mission.
• Sixteen (16) tank-to-tank transfers
• Two (2) SST retrievals
• Three (3) cross-site transfers

Estimates for the incremental transfers and retrievals associated with the FC options are derived
from the existing Tank Farms baseline. The "Interim Pretreatment Systems Options, 5 Year Life
Cycle Cost Estimates," 6/18/08, calculates add-on costs (e.g., escalation, productivity
adjustment, sales tax, contingency, etc.) against these activities. The add-on costs associated
with the incremental SST retrievals is removed from the cost values depicted in the cost profile
summary charts and spreadsheet report.

Incremental operation of the 242-A Evaporator is required for the CSSX options. The "Interim
Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates," 6/18/08, does not include this
activity. Estimates for the incremental evaporator operation are derived from the existing Tank
Farms baseline and incorporated into the cost values depicted in the cost profile summary charts
and spreadsheet report. Add-on costs (e.g., escalation, productivity adjustment, sales tax,
contingency, etc.) are not applied to the incremental evaporator operation.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, Cost Profiles for the 5-Year IPS
Mission," 6/18/08

Assessment Summary: See graphs below

408



RPP-RPT-37741, Rev 0

Project W-551 Base Life Cycle Cost Profile
Ion Exchange using spherical Resorcinol-Formaldehyde resin &

Crossflow Filtration
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Ion Exchange using spherical Resorcinol-Formaldehyde resin &

Rotary Microfiltration
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Fractional Crystallization & Crossflow Filtration

(includes incremental transfers & SST retrievals)
(no mark-ups applied to SST retrievals)
(no expected accuracy range applied)
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Fractional Crystallization & Rotary Microfiltration

(includes incremental transfers & SST retrievals)
(no mark-ups applied to SST retrievals)
(no expected accuracy range applied)

60-! 50- - aIPSSU&T
~- 40 I:IIPSD&D
~

.5 .TransferOps- 30w
W CRetrieval

~ 20 [lIPS opsW
~ C- C-al 10 nJ1J1. IJIPS Capital

...n-
O

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Project Year

410



RPP-RPT-37741, Rev 0

Project W-551 Base Life Cycle Cost Profile
Caustic-Side Solvent Extraction & Crossflow Filtration

(includes incremental 242-A Evaporator runs)
(no mark-ups applied to evaporator runs)

(no expected accuracy range applied)
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Prepared by: w. E. Bryan

Reviewed by -,P~.-,S"-.-,S",c",ha,,-u,,,s,---- _
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Assessment Summary Form (Fe-S.2.I)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Overall schedule (confidence) - 5.2.1

Assessment Scope: This assessment evaluates the impact ofthe Fractional Crystallization (FC)
technology on the overall implementation schedule duration for IPS, including the level of confidence.

Conditions: An estimate of overall IPS schedule duration is comprised of 6 major activity elements
(design -3 phases, testing, permitting, safety and licensing, construction, and startup); 4 Critical Decision
milestones; and the expected Record of Decision milestone for the Tank Closure and Waste Management
Environmental Impact Statement. Because the estimates for the two candidate filtration technologies
were deemed sufficiently similar, it was decided to treat this IPS process as a generic filtration system,
rather than separately. This reduced the number of overall schedule assessments from 6 (one for each pair
ofCs separation and solids filtration technologies) to 3 (one for each Cs separation technology + generic
filtration).
Based on the estimated durations for each ofthe 6 major activities, an initial overall schedule for
implementing FC + filtration was drafted. This schedule was then modified to include both optimistic
«25% probability of on-time completion) and pessimistic (>75% probability of on-time completion)
durations so that a simplified Monte Carlo simulation could be performed. The resulting S-curve showed
a total duration of ~100 months (at 50% probability), to complete IPS implementation using FC
technology.

Other Considerations: The schedule estimate inputs were provided by Subject Matter Experts in their
respective areas of expertise. Well-recognized and industry-accepted tools, e.g. P3 schedule, Monte Carlo
simulation, were used to develop the implementation schedule for FC and establish a reasonable level of
confidence in its resulting duration.

References: None

Attachments: Durations of Major IPS Activities (months); P3 Schedule - IPS Risk using FC

Assessment Summary: The estimated schedule duration to implement IPS using the FC technology is
approximately 100 months at a 50% probability of on-time completion. Based on the expertise and tools
used, there is a reasonable level of confidence in this estimate.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'-"'in"--- _
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Design. Testing. RCRA Safety & Construction Startup
Permitting' Licensing

CSSX+ 46 (12/16/18)' 38 32 Same 37 21
filtration' - durations as
most probable' design'
CSSX+ 46 (12/16/18) 32 28 Same 33 17
filtration durations as
optimistic design
CSSX+ 53 (14/18/21) 48 33 Same 48 24
filtration durations as
pessimistic design
FC + filtration 46 (12/16/18) 38 32 Same 33 17
- most probable durations as

design
FC + filtration 46 (12/16/18) 24 28 Same 31 14
optimistic durations as

design
FC + filtration 53 (14/18/21) 46 33 Same 40 20
pessimistic durations as

design
IX-SRF + 46 (12/16/18) 38 32 Same 27 14
filtration -most durations as
probable design
IX-SRF + 46 (12/16/18) 36 28 Same 25 11
filtration durations as
optimistic design
IX-SRF + 53 (14/18/21) 48 33 Same 34 17
filtration durations as
pessimistic design
, Differences m schedule duratIOn mputs for the two filtratIOn technologies were mmor; therefore, genenc
filtration is included with each ofthe three Cs separations technologies
, Most probable ~ 50/50 of on time completion; optimistic < 25% probability of on time completion;
pessimistic> 75% probability of on time completion
3 (xx/yy/zz) are the estimated months to complete conceptual, preliminary, and detailed designs,
respectively
, Optimistic/pessimistic durations were taken from TPA-approved pennitting schedule of activities
, Completion of Safety & Licensing activities is tied to and driven by infonnation corning out ofthe 3
design phases
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Assessment Summary Form (FC-5.2.2)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Licensing - 5.2.2

Assessment Scope: This assessment evaluates the schedule impact ofthe Fractional Crystallization (FC)
on completion ofthe IPS safety analysis.

Conditions: The primary focus ofthe safety analysis for the FC process will be the crystallizer columns,
since the Cs will become concentrated on these columns, thereby creating higher radiological doses and
potential thermal excursions. However, these characteristics ofCs are well-known and understood, so
that analyses ofthe associated hazards should be straightforward and not negatively impact the
completion ofIPS design and start of construction.

Other Considerations: The FC process operates in an analogous manner to the 242-A Evaporator. These
operational similarities will be important to the IPS safety analysis activity.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 6.2

Attachments: None

Assessment Summary: Because there is considerable experience with the primary source term (Cs) and
the FC process operates much like the 242-A Evaporator, the schedule for completing the IPS safety
analysis should not be impacted by the FC process.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL-'E"'rv'-'-'in"--- _
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Assessment Summary Form (FC-5.2.3)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Permitting - 5.2.3

Assessment Scope: This assessment evaluates the schedule impact ofthe Fractional Crystallization (FC)
process for completing the environmental permitting.

Conditions: The key events in assessing whether there will be a schedule impact from FC is the
completion ofthe Tank Closure and Waste Management (TC&WM) Environmental Impact Statement
(expected 12/2009) and issuance of its Record of Decision (expected 1/2010). Based on the ROD, an
evaluation ofthe FC technology will need to be performed to determine whether it is adequately covered
or additional NEPA coverage is required (e.g., Environmental Assessment).
Once the NEPA process is completed, the draft RCRA permit can be issued for public review and
comment by the regulatory agency. In accordance with the Tri-Party Agreement, the overall schedule for
the permitting process is 28 - 33 months. The RCRA Part B permit must be approved before IPS
construction can start.
Because FC generates waste streams that are permitted for treatment (ILAW) or storage (DSTs), it is
unlikely this technology will cause any significant delays in the RCRA Part B permitting process.

Other Considerations: In the event that completion ofthe TC&WM-EIS is significantly delayed beyond
its expected completion date of 12/2009, an alternate NEPA option may be required, e.g., an Interim
Action Environmental Assessment.
In the past, the Washington State Department ofEcology has shown a willingness to accelerate the
permitting schedule, particularly when the resulting permit allows waste treatment and/or disposal to
proceed.

References: Tank Closure & Waste Management EIS, draft; RCRA Part B permit application; Tri-Party
Agreement

Attachments: None

Assessment Summary: In accordance with the Tri-Party Agreement, the RCRA Part B permitting
process requires 28 - 33 months to complete. Assuming that the TC&WM-EIS is issued in 12/2009 as
expected, permitting ofthe FC does not appear to impact IPS start of construction.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL-'E"'rv'-"'in"--- _
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Assessment Summary Form (Fe-S.2A)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Schedule Impact - 5.2
D&D - 5.2.4

Assessment Scope: This assessment evaluates the schedule impact ofthe Fractional Crystallization (FC)
equipment on completion ofthe D&D ofthe IPS facility.

Conditions: The FC equipment will be installed in the IPS facility. Appropriate considerations for
accommodating its eventual D&D will be included during IPS design.

Other Considerations: The eventual removal and D&D ofthe FC equipment will be completed sometime
after the completion ofthe IPS mission.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Draft A, Section 8.2

Attachments: None

Assessment Summary: Considerations for the eventual D&D ofthe FC equipment will be
accommodated during the IPS design. It is anticipated that D&D will have negligible impact on the IPS
schedule.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv'"'-'E"'rv'-'-"in"--- _
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Assessment Summary Form (FC-5.3.1)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
DST Space - 5.3
How fast DST space is made available - 5.3.1

Assessment Scope: This assessment evaluates the rate at which double-shell tank (DST) space will be
made available as a result ofthe fractional crystallization (FC) process.

Conditions: The rate at which DST space becomes available has been assessed for each ofthe eight (8)
feed tanks. Based on information provided in the FC process flow sheets, the initial rate at which DST
space is recovered ranges between 890 liters/hour for AP-108 and 2,190 liters/hour for AN-104.
Assuming a Total Operating Efficiency (TOE) of 70%, the average rate ofDSTspace recovery forFC is
1.81M gallons/year over 2.7 years.

Other Considerations: No further volume reduction is possible for any ofthe FC-generated, Cs-loaded
waste streams being returned to the DSTs, because the specific gravity for these streams meets the current
DST specifications.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate Technology
Descriptions", Rev. A, Table 6-22 (Fractional Crystallization Mass Balance Summary)

Attachments: Line #3 ofthe table "DST Space Recovery for FC" shows the rates ofDST space recovery
for each ofthe 8 tanks. The annualized rate ofDST space recovery is shown in table" Annualized Rate of
DST Space Recovery (gal/yr)"

Assessment Summary: For the FC process, the rate at which DST space is recovered ranges between 890
liters/hour and 2,190 literslhour. On an annualized basis and assuming a 70% TOE, DST space is
recovered at an average rate of 1.81M gallons/year over 2.7 years.

Because the Cs-loaded streams meet the DST specification for specific gravity, no further waste volume
reduction is required.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL2E"'rv'-'-'in"-- _
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Assessment Summary Form (FC-5.3.2)

Technology: Fractional Crystallization
Criteria: Programmatic Aspects - 5.0
Measure: DST Space - 5.3
Definition: Amount ofDST space - 5.3.2

Assessment Scope: This assessment evaluates the net impact of the Fractional Crystallization
(FC) process for Cs separation on double-shell tank (DST) volume during the 5-year IPS
miSSIOn.

Conditions: The net volume of DST space that becomes available as a result of using the FC
process has been assessed for the duration of the 5-year IPS mission. Because over half of the
Na that is treated by the FC process is returned to the DSTs as part of the Cs-loaded waste
stream, a total of 16 batches of waste feed, including 2 batches from the SSTs, will be required to
deliver 1175 MT of Na/year to the WTP ILAW facility. Based on information provided in the
FC process flow sheets, the total volume of DST space that is recovered by the FC process
ranges between 4.4M and 7.2M gallons ofDST space in the first 4 years of the IPS mission,
depending to what extent the O.lM phosphate limit needs to be imposed on the Cs-loaded stream
being returned to the DSTs.

Other Considerations: The concentration of phosphates is a concern because their presence can
cause transfer lines to plug. The "boil down" tests, which are performed prior to waste transfers,
will determine to what extent the 0.1 M phosphate limit will need to be imposed.
No further volume reduction is possible for any of the FC-generated, Cs-loaded waste streams
being returned to the DSTs, because the specific gravity for these streams meets the current DST
specifications.
Additional advantages of recovering this DST space include: making subsequent DST space
management generally easier, providing the opportunity for a future 242-A Evaporator outage
required to perform upgrades to that facility, and providing more receiver tank options for future
SST retrieval.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Rev. 0, Table 6-22 (Fractional Crystallization Mass Balance
Summary)

RPT-RPP-3744l, Attachment G, Figures 4, 9, 10, and Tables 1 and 4
Attachments: None

Assessment Summary: The FC process will recover between 2.8M and 6.4M gallons of DST
space, depending to what extent the 0.1 M phosphate limit needs to be imposed. No additional
evaporation is possible.

Prepared by: P. S. Schaus

Reviewed by: -'G"'.'-'D=unf=o"'r"'d _
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DST Space Recovery for Fe
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# Process Parameter AP-104 AP-102 AP-1Ol AP-103 AP-lOS AP-108 AP-107 AN-104 Total
1 Waste Processing Rate (Llhr) - 1.90003 2A5E03 l.53E03 1.97E03 205E03 204E03 I.71E03 3.92E03 N/A

from Mass Balance Summary

2 Rate of Stream to DST (L/hr) - 9.33E02 l.27E03 5.59E02 9.53E02 I.11E03 1.15E03 5.79E02 2. 19E03 N/A
from Mass Balance Summary

3 Net Rate ofRecoveredDST 1.027E03 1.18E03 0.971E03 1.017 E03 0.94E03 0.89E03 1.131E03 l.73E03 N/A
Space (L/hr) - (I) - (2)

4 Processing Time (hrs) @ 100% 1.929E03 1.636E03 2.693E03 2. 155E03 1.927E03 2.1 27E03 2.518E03 lAllE03 1.640E04
TOE - from Mass Balance H.87 yr)
Summary

5 Volume of Recovered DST 1.98E06 1.93E06 2.61E06 2.19E06 l.81E06 l.89E06 2.85E06 2A4E06 1.77E07
Space (L) - (3) X (4)

6 Volume of Recovered DST 5.20E05 5.IOE05 6.70E05 5.79E05 4.78E05 4.99E05 7.53E05 6A5E05 4.65E06
Space (gal) - (5)/3785

7 Density of Stream to DST 1A IE00 1AIEOO 1AIEOO lA2EOO 1AOEOO 1AIEOO 1AOEOO 1AOEOO N/A
(glee) - from Mass Balance
Summary
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Assessment Summary Form (Fe-SA. I)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
Production rate impact - 5.4.1

Assessment Scope: This assessment evaluates whether Fractional Crystallization (FC) has any impact on
the production rates ofWTP and/or Supplemental Treatment.

Conditions: Assuming 70% TOE, FC provides a total of3142 MT Na in 23,420 hours (2.7 years) of
operation to WTP and Supplemental Treatment.

Other Considerations: No additional NaOH is required by the FC process. However, the sulfate
concentration in FC feed to WTP and Supplemental Treatment may significantly reduce the sodium oxide
loading ofthe ILAW glass, thereby increasing the amount ofILAW glass produced and the time required
to process the waste feed.
The concentration of aluminum in the waste stream returned to the DSTs may be sufficiently high that
precipitation will occur. It will need to be re-dissolved by the addition of NaOH in WTP Pretreatment to
prevent it from being vitrified as part of the HLW stream.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2

RPP-RPT-37644, "Interim Pretreatment System Mission Scoping Report", Rev. 0

Attachments: None

Assessment Summary: FC provides feed to WTP and/or to Supplemental Treatment at a rate of 0.192
MT Nalhr, or 1175 MT Nalyr (as required by RPP-RPT-37644). This is sufficient to provide feed for 2
ILAW mellers in WTP and one Supplemental Treatment line.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv.>:..JE"'rv'-".!in!!.... _
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Assessment Summary Form (FC-5.4.2)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
Mission duration - 5.4.2

Assessment Scope: This assessment evaluates whether Fractional Crystallization (FC) has any impact on
the WTP LAW treatment mission duration.

Conditions: The duration ofthe IPS mission is nominally 5 years. However, the FC process will
complete processing ofthe 8 candidate tanks (6,376 MT oftank waste Na) in < 3years, but will have
delivered only 50% ofthe tank waste (3,142 MT ofNa) to WTP (2 mellers) and Supplemental Treatment
(1 line) for LAW vitrification. The remainder of the Na will be returned to the DST system for later
pretreatment and vitrification in the WTP. Therefore, unless additional wastes are identified for IPS, FC's
impact on the WTP LAW treatment mission will be somewhat limited «3 years).

Other Considerations: The concentration of aluminum in the waste stream returned to the DSTs may be
sufficiently high that precipitation will occur. It will need to be re-dissolved by the addition of NaOH in
WTP Pretreatment to prevent it from being vitrified as part ofthe HLW stream (a potential future impact
to WTP).

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2.2

RPP-RPT-37644, "Interim Pretreatment System Mission Scoping Report", Rev. 0

Attachments: None

Assessment Summary: Unless additional feeds are identified, the FC process will impact the WTP LAW
treatment mission duration by less than 3 years «8% ofthe RPP mission duration).

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL2E"'rv'-'-'in"-- _
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Assessment Summary Form (FC-5.4.3)

Technology: Fractional Crystallization
Criteria: Programmatic Aspects - 5.0
Measure: Impacts to WTP and STP - 5.4
Definition: Number of high and low level packages - 5.4.3

Assessment Scope: This assessment evaluates whether Fractional Crystallization (FC) has any
impact on the number of high- and low-level packages produced, and if so how much, during the
5-year IPS mission.

Conditions: Fractional Crystallization will provide a total of 5,875 MT Na to WTP and
Supplemental Treatment during the 5 years of IPS operation. Assuming that there are no other
chemical constituents that would limit the waste oxide loading, the sodium oxide loading for the
ILAW glass will be ~20%. Therefore, each container of ILAW produced in WTP will contain
approximately 0.75 MT ofNa. If all of the FC-produced feed is vitrified in WTP, ~7,800
containers of ILAW will be produced.

Other Considerations: The sulfate concentration in the FC feed to WTP and Supplemental
Treatment may significantly reduce the sodium oxide loading of the ILAW glass, thereby
increasing the amount of ILAW glass produced and the time required to process the waste feed.
The concentration of aluminum in the waste stream returned to the DSTs may be sufficiently
high that precipitation will occur. It will need to be re-dissolved by the addition of NaOH in
WTP Pretreatment to prevent it from being vitrified as part of the HLW stream. Both of these
concerns need more information in order to be more fully assessed.
Unlike waste pretreated by IX-sRF and CSSX, no dilution of the feed to the FC process is
required. Therefore, all 5,875 MT ofNa vitrified at WTP is tank waste sodium. Assuming no
other impacts, this would reduce the number of ILAW container subsequently produced at the
WTP ILAW facility by 2,600 containers.

References: RPP-RPT-3755I, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Rev. 0

RPP-RPT-37644, "Interim Pretreatment System Mission Scoping Report", Rev. 0
Attachments: None

Assessment Summary: Assuming no other limiting constituents, the FC process will provide
sufficient pretreated waste to produce 7,800 containers of ILAW at WTP and the Supplemental
Treatment facility. However, the presence of sulfates in the FC-produced feeds to ILAW could
significantly decrease waste loading in the glass and therefore, increase the number of ILAW
canisters produced. IHLW glass production at WTP could eventually be impacted as well due to
concerns regarding aluminum solubility.

Prepared by: P. S. Schaus

Reviewed by: ..,C"'a"'rv..!--'E"'fV-'-"in!- _
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Assessment Summary Form (FC-5.4.4)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Lessons Learned benefits for WTP pretreatment - 5.4.4

Assessment Scope: This assessment evaluates whether Fractional Crystallization (FC) provides any
"lessons learned" benefits for WTP Pretreatment.

Conditions: Since IX-SRF has been selected as the baseline Cs separation technology for WTP
Pretreatment, the operation and maintenance ofthe Fractional Crystallization equipment in IPS will
provide neither data nor experience pertinent to the startup and operation/maintenance ofthe Cs
separation equipment in WTP Pretreatment

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: There will not be "lessons learned" from the operations and maintenance ofFC
equipment in IPS.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv"-'E"'rv=in"- _
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Assessment Summary Form (Fe-SA.S)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Teclrnology transfer to WTP - 5.4.5

Assessment Scope: This assessment evaluates whether Fractional Crystallization (FC) will potentially
provide transfer of technology to WTP.

Conditions: IX-SRF has been selected as the baseline Cs separation technology for WTP Pretreatment.
The operation and maintenance ofthe FC process and equipment in IPS will provide valuable data and
experience for potentially transferring this technology to WTP in the event that the baseline teclrnology is
found wanting.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Teclrnology Descriptions", Section 6.2

Attachments: none

Assessment Summary: The transfer ofFC teclrnology to WTP could potentially benefit the project in the
event that IX-SRF does not meet expectations.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL-'E"'rv'-'-'in"--- _
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Assessment Summary Form (FC-5.4.6)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
ALARA - 5.4.6

Assessment Scope: This assessment evaluates how much Fractional Crystallization (FC) will impact
ALARA in WTP's ILAW facility or in Supplemental Treatment.

Conditions: The primary source of radioactivity in the supernatant liquids is Cs. For the worst case
waste stream (AP-I07) being transferred to WTP or Supplemental Treatment for vitrification, the FC
process removes Cs to a level of l.I8E-05 Ci/g-mol Na.
This meets the WTP specification; therefore, no additional changes to the LAW facility's radiation
protection features will be required.

References: RPP-RPT-3755I, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.4, Table 3

Attachments: None

Assessment Summary: The FC process separates out the Cs from the supernatant being transferred to
WTP and Supplemental Treatment to a level of l.I8E-05 Ci/g-mol Na. This meets the WTP
specification; therefore, no additional changes to the LAW facility's radiation protection features will be
required.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv"-'E"'rv=in"- _
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Assessment Summary Form (Fe-SA.7)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Diversity oftechnology - 5.4.7

Assessment Scope: This assessment evaluates whether Fractional Crystallization (FC) provides any
opportunities for diversifYing WTP's technology portfolio.

Conditions: IX-SRF has been selected as the baseline Cs separation technology for WTP Pretreatment.
Therefore, the use ofFC in IPS provides an opportunity for diversifYing WTP's technology in the event
that significant problems are encountered with IX-SRF during early WTP operations. WTP could
evaluate using FC as an alternative Cs separation technology prior to its start up, if deemed necessary.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: The use ofFC in IPS provides an opportunity for diversifYing WTP's technology
portfolio, in the event that significant problems with IX-SRF are encountered during WTP operations.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL-'E"'rv'-'-'in"--- _
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Assessment Summary Form (Fe-SA.8)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Positive programmatic impacts and opportunties - 5.4.8

Assessment Scope: This assessment evaluates whether Fractional Crystallization (FC) provides any
positive programmatic impacts and opportunities to WTP and Supplemental Treatment. Programmatic
considerations will focus on the potential to reduce costs, accelerate schedules, and mitigate
programmatic risks or uncertainties to the WTP and Supplemental Treatment projects.

Conditions: Because FC is not a baseline technology for WTP or Supplemental Treatment, there are no
programmatic impacts or opportunities associated with this technology

Other Considerations: In the event that performance ofthe baseline Cs separation technology proved to
be unsatisfactory, the knowledge gained from FC's deployment in IPS would provide valuable input to a
recovery plan.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2
Attachments: None

Assessment Summary: There are no programmatic impacts or opportunities to WTP or Supplemental
Treatment associated with the FC technology.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv"-'E"'rv=in"- _
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Assessment Summary Form (Fe-5.5.I)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Analytical equipment, methods, and capacity - 5.5.1

Assessment Scope: This assessment evaluates the impacts ofthe Fractional Crystallization (FC) process
on the analytical services (equipment, methods, and capacity) available at the Hanford site, e.g., WTP's
analytical laboratory, 222-S Analytical Laboratory.

Conditions: The process description for the FC process was reviewed to determine what analytical
services would be required to support this process, including characterization ofthe feed stream in the
feed tank, the resulting Cs-depleted waste stream being transferred to the ILAW facility, and the Cs
loaded stream being transferred back to the DSTs. The number and type of samples (for process control,
feed certification and compliance) are not currently defined. Therefore, no estimate ofthe impact ofthe
FC technology on the analytical equipment, methods and capacity can be made at this time.

Other Considerations: The total turnaround times typically required for sampling, sampling transport,
and analyses will also need to be evaluated in order to ensure the adequacy of the IPS lag storage
capacity.

References: RPP-RPT-37551, Draft A,"Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2
HNF-SD-WM-OCD-015, "Tank Farms Waste Transfer Compatibility Program" (for Cs-Ioaded stream
being transferred to DSTs)
"Early LAW Waste Receipt Criteria Revision" Internal WTP memo CCN155899, dated 4/4/08 (for Cs
depleted stream being transferred to WTP)

Attachments: None

Assessment Summary: The number and types of samples (for process control, feed certification and
compliance) are not currently defined. Therefore, no estimate ofthe impact ofthe FC technology on the
analytical equipment, methods and capacity can be made at this time. The amount oflag storage may
need to be adjusted to accommodate the typical turnaround times for sampling and analysis.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv.....,E"'rv'-"'in!l.... _
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Assessment Summary Form (FC-5.5.2)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Compliance to ETF WAC - 5.5.2

Assessment Scope: This assessment evaluates whether there are any liquid effluents generated by
Fractional Crystallization process that will be disposed directly to the Effluent Treatment Facility (ETF),
and if so, whether those liquid effluents meet the ETF's Waste Acceptance Criteria (WAC).

Conditions: A review ofthe process flow diagram for FC showed that process condensates from this
process will be sent directly to the ETF. The volumes, compositions, and concentrations ofthese
condensates are estimated in the mass balance calculations. The predicted concentrations ofthe key
constituents in these condensates were compared to their respective waste acceptance values for ETF and
were found to be within the WAC limits for ETF.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Table 6-22 (Fractional Crystallization Mass Balance Summary) and Section
6.2

HNF-3172, Rev. 3, "Liquid Waste Processing Facilities Waste Acceptance Criteria

Attachments: None

Assessment Summary: Based on the predicted types, quantities and concentrations ofliquid effluents
generated by the FC process that require disposal at ETF, the liquid effluents do not exceed the Waste
Acceptance Criteria for ETF.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv"-'E"'rv=in"- _
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Assessment Summary Form (FC-5.5.3)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
ALARA - 5.5.3

Assessment Scope: This assessment evaluates whether the principle of ALARA (As Low As Reasonably
Achievable) will be impacted by the Fractional Crystallization (FC) process with respect to support
facilities such as the will be the Effluent Treatment Facility (ETF), the 242-A Evaporator, and the
analytical laboratories.

Conditions: Because FC is being incorporated into a new facility for IPS, the ALARA principle will be
actively addressed during the facility and process design to ensure that Waste Acceptance Criteria for
supporting facilities are met, less hazardousiless toxic materials are used wherever possible, sampling and
analysis requirements at the analytical laboratories are minimized, etc.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: Because FC is being included as part ofthe new IPS facility, ALARA will be
more easily incorporated into its process design.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv""-'E"'rv!."'-'in"- _
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Assessment Summary Form (FC-5.5.4)

Technology:
Criteria:
Measure:
Definition:

Fractional Crystallization
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Number of Evaporator campaigns - 5.5.4

Assessment Scope: This assessment evaluates the impacts ofthe Fractional Crystallization (FC) process
on the 242-A Evaporator facility.

Conditions: Based on information provided in the FC process flow sheets, the specific gravity ofthe Cs
enriched stream resulting from the FC process is estimated to be 1.41 glcc for all ofthe 8 candidate tanks.
Since this value meets the current 242-A evaporator specification for specific gravity, no additional
volume reduction is required.

References: RPT-RPP-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Table 6-22 (Fractional Crystallization Mass Balance Summary)

Attachments: None

Assessment Summary: The Cs-loaded waste stream generated by the FC separation process will require
no additional evaporator campaigns.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'-'-'in"--- _

436

Date: 5/30108

Date: 5/30108



RPP-RPT-37741, Rev 0

Assessment Summary Form (FC-5.6.1)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Programmatic Aspects - 5.0
Resources and materials - 5.6
Availablility of Key Skills, Critical Materials, Qualified Vendors - 5.6.1

Assessment Scope: IdentifY major required resources such as professional (engineering and
technological), construction and operation support personnel, required key components and chemical and
assess availability ofthese items for the project on a regular as well as emergency need basis. Review
and identifY vendors (multiple is better than a single source vendor). IdentifY any major lead time or
material and its availability impacts.

Conditions: A table of major resources was developed for each technology and appropriate assessment is
made against various key factors such as quantity, frequency, suppliers, etc. The FC system is a basic
commercial technology where evaporators and centrifuges are used. This major equipment have been
around in the industry for a long period oftime and have been engineered for any special operation.
Evaporators and centrifuges are used for radioactive operations. Materials of construction are also
standard stainless steel and require no special alloy. No special chemical is used in executing this
process. Availability ofN-stamp qualified fabricator vendor is scare and could create a difficulty.

Other Considerations: Other than common engineering resources that is common to all technologies, no
other special condition has been identified.

References: Engineering judgment.

Attachments: Table 1 - Resource Assessment

Assessment Summary: The FC system does not need any special material or chemical. Sufficient good
quality vendors are expected to be available to manufacture evaporators and centrifuges (engineered
equipment) for the FC system. Availability of engineering and construction forces and qualified N-stamp
fabricator may be questioned at the time ofthe IPS project execution. This depends on other projects
being executed at Hanford and nation wide.

Prepared by: Kishor Shah

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Table 1 - Resource Assessment

RPP-RPT-37741, Rev 0

Description CSSX FC IX-SRF
Key Skills:

Engineering Overall general concern Overall general concern Overall general concern
forces for availability of for availability of for availability of

engineering forces due to engineering forces due engineering forces due to
market conditions and to market conditions market conditions and
existing work at Hanford. and existing work at existing work at Hanford.

Hanford.
Teclmology Test facilities and Test facilities and Test facilities and simulant
Development simulant definition to simulant definition to definition to support
resources support teclmology support teclmology teclmology development.

development. Vendor development. Vendor WTP has experienced for
has limited capability for has limited capability this teclmology
radiation type for radiation type development and support.
development development

Construction Competing with WTP Competing with WTP Competing with WTP
Forces forces at the Hanford Site forces at the Hanford forces at the Hanford Site

Site
Laboratory Needs Will need Hanford Will need Hanford WTP has developed the

Specific demonstration Specific demonstration teclmology.
facility. facility.

Critical Material:
Special Material Centrifugal contractors No special material or Use specialized resin
/equipment and solvents Isopar Land chemicals are used. material, Spherical RF.

BOBCalix C6.
Material Costner Industries Various vendors for WTP has identified two
Suppliers Nevada Corp. supplies engineered equipment potential manufacturing

Contractors, Exxon is a and routine chemicals. facilities for this material.
single source for Isopar,
and Marshallton
Research Laboratories for
BOBCalixC6.

Fabrication Other centrifugal Commercial fabricators Long term procurement
contractor fabricators are are available, but N- strategy and storage
available but may not be stamp qualification of strategy must be
as experienced as Costner fabricators may be developed, similar to that
Industries> N-stamp questionable. ofWTP. N-stamp
qualification of fabricator qualification of equipment
may be questionable. fabricator(s) may be

questionable.
Qualified Vendors Manv

Vendor Support Good Oualitv Suppliers Good Oualitv Suppliers
Stability of Critical Premium price may have No special pricing Premium price may have
Pricing to be paid due to limited impact. Premium to be paid due to limited

supply and n-stamp pricing may have to manufacturing facilities,
fabrication requirements pay due to N-stamp N-stamp requirements and
and specific use. fabrication specific use.

requirements.
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Assessment Summary Form (FC-5.6.2)

Technology:
Criteria:
Measure:
Definition:

Fractional crystallization
Programmatic Aspects - 5.0
Resources and materials - 5.6
Stability of Critical Resource Pricing - 5.6.2

Assessment Scope: Review previously identified critical resources (such as professional skilled
personnel, chemicals, specific raw materials, etc.) against current and potentially future pricing. Review
competition for these resources within Hanford and general market. IdentifY any shortfall or abnormal
condition requiring a soecial attention or mitigation.

Conditions: No critical resources are identified for the implementation ofthe FC system. Other than
engineering and construction force availability (common to all technologies) no additional considerations
are required.

References: Engineering Judgment.

Attachments: None.

Assessment Summary: Implementation ofFC system will not face any pricing instability other than
those experienced by all other project for human and material resources. N-stamp qualification ofthe
fabricator and suppliers may require premium pricing.

Prepared by: Kishor Shah

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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ATTACHMENT F

Ion Exchange Assessment Fonns
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Assessment Summary Form (Ix-sRF-1.1.1)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Safety - 1.0
Process Safety - 1.1
Quantity ofmaterial at risk (MAR) - radiological and chemical- 1.1.1

Conditions: Using radiological data and process flow rate data from preliminary mass balance
calculations, the radiological MAR was calculated for the Feed Receipt Tank, Cs Product Tank, and LAW
Product Tank. The intent was to gain knowledge about the MAR at key component locations.

Other Considerations: A more detailed and exhaustive evaluation ofthe material at risk would be
required to determine the bounding values for the technologies.

References: None

Attachments:
Table 1 - Activity (Ci) of Radioactive Material in Feed Receipt Tank
Table 2 - Activity (Ci) of Radioactive Material in Cs Product Tank
Table 3 - Activity (Ci) of Radioactive Material in LAW Product Tank
Table 4 - Tank Volumes
Table 5 - IX-SRF Chemical MAR Based on Chemical Storage

Assessment Summary: The quantity of MAR for the s-RF IX technology is effectively equivalent to the
quantity of material for the FC technology when evaluating the material in the Feed Receipt Tank and the
Cs Product Tank. In both cases the quantity of MAR is lower than that for the CSSX technology need to
confinn. However, in the LAW Product Tank the quantity of MAR is greater for the s-RF IX process
than for the FC process. This translates to higher quantities of MAR in the LAW transferred to the WTP.

Prepared by: Douglas B. Teachout

Reviewed by: Gary Dunford
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Table 1 - Activity (Ci) of Radioactive Material in Feed Receipt Tank

Supply Tank Designation
Radionuclide 241-AN- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP-

104 101 102 103 104 105 107 108
Ru-106 l.88E-07 403E-03 2.87E-09 401E-09 4.73E-09 2A6E-04 l.37E-02 l.71E-08
Cd-113m 3.25E-02 l.89E-02 2.22E-02 2.56E-02 2.15E-02 400E-02 3.33E-02
Sb-125 400E-04 8.86E-02 5.67E-03 6.54E-03 6.50E-03 l.09E-02 2.84E-OI l.20E-02
Sn-126 2.99E-04 l.37E-03 7.53E-04 9.51E-04 U8E-03 8.80E-04 l.25E-03 l.38E-03
1-129 9.28E-05 l.52E-04 2.52E-04 2.39E-04 IA8E-04 207E-04 IA2E-04 U4E-04
Cs-134 l.07E-OI 3.17E+00 IA2E-02 8A7E-02 l.77E-OI 2.54E-OI 7.36E+00 2.50E-OI
Cs-137 l.99E+04 201E+04 l.92E+04 l.80E+04 l.57E+04 l.97E+04 3.20E+04 IA5E+04
Ba-137m l.88E+04 l.90E+04 l.81E+04 UOE+04 IA8E+04 l.86E+04 302E+04 l.37E+04
C-14 2.22E-03 3.83E-03 2.24E-03 4.80E-03 l.17E-03 l.97E-03 3.26E-03 l.84E-03
Sm-151 l.09E-06 6A7E+00 3.72E+00 4.67E+00 5.65E+00 4.32E+00 6.39E+00 6. 82E+00
Eu-152 7AOE-II l.93E-03 903E-04 UIE-03 l.25E-03 l.02E-03 3.11E-03 l.60E-03
Eu-154 3A8E-09 200E-02 2.57E-02 l.05E-02 6.63E-03 3.67E-02 3AOE-02 UOE-02
Eu-155 l.34E-09 3AIE-02 IA5E-02 l.38E-02 l.66E-02 3.24E-02 5.85E-02 U9E-02
Ra-226 9.67E-1O 7.73E-08 4.68E-08 6.38E-08 7.36E-08 5.65E-08 7.83E-08 8.94E-08
Ac-227 6.92E-13 IA2E-06 7A9E-07 7.25E-07 U8E-06 6.89E-07 8.37E-07 l.05E-06
Ra-228 2.74E-07 UIE-05 6.20E-05 2.58E-05 l.55E-05 3.96E-05 2.01E-05 606E-05
Th-229 l.27E-09 8.77E-07 204E-06 l.52E-06 l.01E-06 l.80E-06 U3E-06 3.68E-06
Pa-23 I 907E-06 8.21E-06 l.30E-06 l.67E-06 5.72E-06 l.57E-06 2.27E-06 2AIE-06
Th-232 4.60E-09 l.63E-06 905E-06 5.26E-06 6A6E-07 l.82E-06 l.78E-06 2.51E-06
U-232 8.91E-08 l.31E-06 5.23E-06 2.55E-06 2.66E-06 9.92E-07 9.85E-07 2.71E-06
U-233 5AOO-06 l.68E-05 2.22E-05 l.08E-05 l.85E-05 4.38E-06 IA3E-05 U3E-05
U-234 3.88E-06 USE-OS 4.11E-06 7.79E-06 l.00E-05 IA6E-06 U6E-05 7.85E-06
U-235 l.53E-07 4.27E-07 l.63E-07 3.33E-07 3.86E-07 5.93E-08 4.70E-07 306E-07
U-236 2.62E-07 6.57E-07 l.32E-07 2.19E-07 4.55E-07 5.24E-08 5.53E-07 4.91E-07
Np-237 7.68E-06 202E-04 3.90E-04 3.73E-05 4.24E-05 401E-04 l.90E-04 3.72E-05
Pu-238 4.21E-06 l.24E-04 6.63E-06 IA3E-04 l.04E-04 USE-OS 3.80E-04 l.81E-05
U-238 304E-06 8.64E-06 3.65E-06 7.96E-06 8A7E-06 l.30E-06 9.84E-06 6.IOE-06
Pu-239 5.80E-05 l.72E-03 2.55E-04 l.04E-03 5A7E-04 2.26E-04 4.12E-03 2.91E-04
Pu-240 l.51E-05 402E-04 4.3 IE-OS U5E-04 9.28E-05 4.51E-05 UOE-03 5.54E-05
Am-241 9.57E-04 5.67E-04 IA3E-03 5.IOE-03 l.68E-03 UOE-03 7.20E-04 l.38E-03
Pu-24 I 2.65E-04 8.32E-03 306E-04 l.27E-03 6.31E-04 6.75E-04 2.69E-02 700E-04
Cm-242 l.90E-06 9.51E-07 4.60E-06 l.66E-05 6.16E-06 6.67E-06 8.86E-07 4.15E-06
Pu-242 l.60E-09 409E-08 2.63E-09 U3E-08 5.39E-09 409E-09 l.29E-07 5.26E-09
Am-243 6A2E-07 402E-08 5.23E-08 l.89E-07 6.97E-08 6A5E-08 l.22E-07 5.32E-08
Cm-243 l.05E-07 l.25E-06 5.89E-07 l.17E-05 200E-05 U2E-06 5.IOE-07 9.14E-07
Cm-244 2A7E-06 2.82E-05 8.56E-06 2.57E-04 4.68E-04 l.92E-05 UIE-05 l.54E-05
H-3 3.78E-03 3.81E-02 8.85E-03 2.31E-02 U9E-03 5.80E-03 3.98E-02 9.14E-03
Ni-59 3.30E-05 l.21E-03 2.57E-04 3.73E-04 9.37E-04 2.50E-04 7AIE-04 8.27E-04
Co-60 6.61E-05 5.21E-03 308E-03 709E-03 5.50E-03 5.69E-03 8.75E-03 2.93E-03
Ni-63 305E-03 UIE-Ol 2.38E-02 3A5E-02 8.61E-02 2.31E-02 6.83E-02 6.83E-02
Se-79 6.16E-04 6.82E-04 I AIE-03 9A9E-04 5.86E-04 l.71E-03 8A3E-04 9.21E-04
Sr-90 7.81E-01 808E-OI 3.18E-OI l.59E+00 U5E+00 I AIE+OO l.67E+00 7A2E-OI
Y-90 7.81E-01 808E-OI 3.18E-OI l.59E+00 U5E+00 I AIE+OO l.67E+00 7A2E-OI
Nb-93m 2A2E-03 l.30E-02 601E-03 5.06E-03 806E-03 4.57E-03 l.54E-02 805E-03
Zr-93 l.67E-03 l.69E-02 6.98E-03 6.16E-03 9.64E-03 5.09E-03 2.33E-02 961E-03
Tc-99 l.53E-OI IA7E-OI l.34E-OI l.63E-OI l.38E-OI U5E-OI l.95E-OI U2E-OI
Total 3.87E+04 3.90E+04 3.73E+04 3.51E+04 306E+04 3.83E+04 6.22E+04 2. 82E+04
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Table 2 - Activity (Ci) of Radioactive Material in Cs Product Tank

Supply Tank Designation
Radionuclide 241-AN- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP-

104 101 102 103 104 105 107 108
Ru-106 l.88E-07 403E-03 2.87E-09 40lE-09 4.73E-09 2A6E-04 l.37E-02 l.71E-08
Cd-113m 3.25E-02 l.89E-02 2.22E-02 2.56E-02 2.15E-02 400E-02 3.33E-02
Sb-125 400E-04 8.86E-02 5.67E-03 6.54E-03 6.50E-03 l.09E-02 2.84E-OI l.20E-02
Sn-126 2.99E-04 l.37E-03 7.53E-04 9.5lE-04 U8E-03 8.80E-04 l.25E-03 l.38E-03
1-129 9.28E-05 l.52E-04 2.52E-04 2.39E-04 IA8E-04 207E-04 IA2E-04 U4E-04
Cs-134 l.07E-OI 3.17E+OO IA2E-02 8A7E-02 l.77E-OI 2.54E-OI 7.36E+OO 2.50E-OI
Cs-137 l.99E+04 20lE+04 l.92E+04 l.80E+04 l.57E+04 l.97E+04 3.20E+04 IA5E+04
Ba-137m l.88E+04 l.90E+04 l.8lE+04 UOE+04 IA8E+04 l.86E+04 302E+04 l.37E+04
C-14 2.22E-03 3.83E-03 2.24E-03 4.80E-03 l.17E-03 l.97E-03 3.26E-03 l.84E-03
Sm-151 l.09E-06 6A7E+OO 3.72E+OO 4.67E+OO 5.65E+OO 4.32E+OO 6.39E+OO 6. 82E+OO
Eu-152 7AOE-II l.93E-03 903E-04 UlE-03 l.25E-03 l.02E-03 3.llE-03 l.60E-03
Eu-154 3A8E-09 200E-02 2.57E-02 l.05E-02 6.63E-03 3.67E-02 3AOE-02 UOE-02
Eu-155 l.34E-09 3AlE-02 IA5E-02 l.38E-02 l.66E-02 3.24E-02 5.85E-02 U9E-02
Ra-226 9.67E-1O 7.73E-08 4.68E-08 6.38E-08 7.36E-08 5.65E-08 7.83E-08 8.94E-08
Ac-227 6.92E-13 IA2E-06 7A9E-07 7.25E-07 U8E-06 6.89E-07 8.37E-07 l.05E-06
Ra-228 2.74E-07 UlE-05 6.20E-05 2.58E-05 l.55E-05 3.96E-05 2.0lE-05 606E-05
Th-229 l.27E-09 8.77E-07 204E-06 l.52E-06 l.OlE-06 l.80E-06 U3E-06 3.68E-06
Pa-23 I 907E-06 8.2lE-06 l.30E-06 l.67E-06 5.72E-06 l.57E-06 2.27E-06 2AlE-06
Th-232 4.60E-09 l.63E-06 905E-06 5.26E-06 6A6E-07 l.82E-06 l.78E-06 2.5lE-06
U-232 8.9lE-08 l.3lE-06 5.23E-06 2.55E-06 2.66E-06 9.92E-07 9.85E-07 2.71E-06
U-233 5A6E-06 l.68E-05 2.22E-05 l.08E-05 l.85E-05 4.38E-06 IA3E-05 U3E-05
U-234 3.88E-06 U5E-05 4.llE-06 7.79E-06 l.OOE-05 IA6E-06 U6E-05 7.85E-06
U-235 l.53E-07 4.27E-07 l.63E-07 3.33E-07 3.86E-07 5.93E-08 4.70E-07 306E-07
U-236 2.62E-07 6.57E-07 l.32E-07 2.19E-07 4.55E-07 5.24E-08 5.53E-07 4.9lE-07
Np-237 7.68E-06 202E-04 3.90E-04 3.73E-05 4.24E-05 40lE-04 l.90E-04 3.72E-05
Pu-238 4.2lE-06 l.24E-04 6.63E-06 IA3E-04 l.04E-04 U5E-05 3.80E-04 l.8lE-05
U-238 304E-06 8.64E-06 3.65E-06 7.96E-06 8A7E-06 l.30E-06 9.84E-06 6.IOE-06
Pu-239 5.80E-05 l.72E-03 2.55E-04 l.04E-03 5A7E-04 2.26E-04 4.12E-03 2.9lE-04
Pu-240 l.5lE-05 402E-04 4.3lE-05 U5E-04 9.28E-05 4.5lE-05 UOE-03 5.54E-05
Am-241 9.57E-04 5.67E-04 IA3E-03 5.IOE-03 l.68E-03 UOE-03 7.20E-04 l.38E-03
Pu-241 2.65E-04 8.32E-03 306E-04 l.27E-03 6.3lE-04 6.75E-04 2.69E-02 700E-04
Cm-242 l.90E-06 9.5lE-07 4.60E-06 l.66E-05 6.16E-06 6.67E-06 8.86E-07 4.15E-06
Pu-242 l.60E-09 409E-08 2.63E-09 U3E-08 5.39E-09 409E-09 l.29E-07 5.26E-09
Am-243 6A2E-07 402E-08 5.23E-08 l.89E-07 6.97E-08 6A5E-08 l.22E-07 5.32E-08
Cm-243 l.05E-07 l.25E-06 5.89E-07 l.17E-05 200E-05 U2E-06 5.IOE-07 9.14E-07
Cm-244 2A7E-06 2.82E-05 8.56E-06 2.57E-04 4.68E-04 l.92E-05 UlE-05 l.54E-05
H-3 3.78E-03 3.8lE-02 8.85E-03 2.3lE-02 U9E-03 5.80E-03 3.98E-02 9.14E-03
Ni-59 3.30E-05 l.2lE-03 2.57E-04 3.73E-04 9.37E-04 2.50E-04 7AlE-04 8.27E-04
Co-60 6.6lE-05 5.2lE-03 308E-03 709E-03 5.50E-03 5.69E-03 8.75E-03 2.93E-03
Ni-63 305E-03 UlE-OI 2.38E-02 3A5E-02 8.6lE-02 2.3lE-02 6.83E-02 6.83E-02
Se-79 6.l6E-04 6.82E-04 I AlE-03 9A9E-04 5.86E-04 l.71E-03 8A3E-04 9.2lE-04
Sr-90 78lE-OI 808E-OI 3.18E-OI l.59E+OO U5E+OO I AlE+OO l.67E+OO 7A2E-OI
Y-90 7.8lE-OI 808E-OI 3.18E-OI l.59E+OO U5E+OO I AlE+OO l.67E+OO 7A2E-OI
Nb-93m 2A2E-03 l.30E-02 60lE-03 5.06E-03 806E-03 4.57E-03 l.54E-02 805E-03
Zr-93 l.67E-03 l.69E-02 6.98E-03 6.16E-03 9.64E-03 5.09E-03 2.33E-02 96lE-03
Tc-99 l.53E-OI IA7E-OI l.34E-OI l.63E-OI l.38E-OI U5E-OI l.95E-OI U2E-OI
Total 3.87E+04 3.90E+04 3.73E+04 3.5lE+04 306E+04 3.83E+04 6.22E+04 2. 82E+04
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Table 3 - Activity (Ci) of Radioactive Material in LAW Product Receipt Tank

Supply Tank Designation
Radionuclide 241-AN- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP- 241-AP-

104 101 102 103 104 105 107 108
Ru-106 l.99E-05 4.27E-OI 2.90E-07 4.24E-07 5.06E-07 2.60E-02 IA5E+00 l.81E-06
Cd-113m 3A3E+00 l.90E+00 2.35E+00 2.74E+00 2.28E+00 4.23E+00 3.52E+00
Sb-125 4.23E-02 9.37E+00 5.71E-OI 6.92E-OI 6.95E-OI 1.16E+00 300E+OI l.26E+00
Sn-126 3.17E-02 IA5E-OI 7.59E-02 l.01E-01 l.26E-OI 9.31E-02 l.33E-OI IA6E-OI
1-129 9. 82E-03 l.61E-02 2.54E-02 2.53E-02 l.58E-02 2.19E-02 l.50E-02 l.84E-02
Cs-134 9AOE-05 3.27E-03 l.29E-05 8.85E-05 l.99E-04 2.25E-04 402E-03 302E-04
Cs-137 l.75E+OI 207E+0l l.75E+OI l.88E+0l l.77E+Ol l.75E+0l l.74E+0l l.75E+0l
Ba-137m l.65E+OI l.95E+0l l.65E+OI l.78E+Ol l.67E+0l l.65E+0l l.65E+0l l.65E+OI
C-14 2.35E-OI 405E-OI 2.25E-OI 5.08E-OI l.25E-OI 208E-OI 3A5E-OI l.95E-OI
Sm-151 1.15E-04 6. 84E+02 3.74E+02 4.93E+02 603E+02 4.56E+02 6.76E+02 7.21E+02
Eu-152 7.82E-09 204E-OI 9.lOE-02 l.17E-OI l.34E-OI l.08E-OI 3.29E-OI l.69E-OI
Eu-154 3.68E-07 2.12E+00 2.59E+00 l.l1E+00 708E-OI 3.88E+00 3.60E+00 1.16E+00
Eu-155 IA2E-07 3.61E+00 IA6E+00 IA5E+00 l.77E+OO 3A2E+00 6. I 8E+00 l.26E+00
Ra-226 l.02E-07 8.17E-06 4.72E-06 6.75E-06 7.87E-06 5.98E-06 8.28E-06 9A6E-06
Ac-227 73 IE-I I l.51E-04 7.55E-05 7.67E-05 l.26E-04 7.29E-05 8.85E-05 l.l1E-04
Ra-228 2.90E-05 l.80E-03 6.25E-03 2.73E-03 l.66E-03 4.18E-03 2. 13E-03 6AIE-03
Th-229 l.35E-07 9.27E-05 205E-04 l.61E-04 l.08E-04 l.90E-04 1.19E-04 3.90E-04
Pa-23 I 9.59E-04 8.68E-04 l.31E-04 l.77E-04 6.11E-04 l.66E-04 2AOE-04 2.55E-04
Th-232 4.800-07 l.72E-04 9.12E-04 5.56E-04 6.91E-05 l.92E-04 l.88E-04 2.66E-04
U-232 9A3E-06 l.38E-04 5.27E-04 2.70E-04 2.84E-04 l.05E-04 l.04E-04 2.87E-04
U-233 5.77E-04 l.78E-03 2.23E-03 1.14E-03 l.98E-03 4.63E-04 l.51E-03 1.19E-03
U-234 4.lOE-04 l.22E-03 4.14E-04 8.24E-04 l.07E-03 l.55E-04 l.22E-03 8.31E-04
U-235 l.62E-05 4.51E-05 l.64E-05 3.52E-05 4. 13E-05 6.27E-06 4.97E-05 3.24E-05
U-236 2.77E-05 6.95E-05 l.33E-05 2.3 IE-OS 4.86E-05 5.54E-06 5.84E-05 5.19E-05
Np-237 8.12E-04 2. 13E-02 3.93E-02 3.94E-03 4.53E-03 4.24E-02 201E-02 3.93E-03
Pu-238 4A5E-04 l.32E-02 6.68E-04 l.51E-02 1.12E-02 l.22E-03 402E-02 l.91E-03
U-238 3.21E-04 9.14E-04 3.68E-04 8A2E-04 904E-04 l.37E-04 l.04E-03 6A5E-04
Pu-239 6. 13E-03 l.82E-OI 2.56E-02 1.l0E-OI 5.84E-02 2AOE-02 4.35E-OI 308E-02
Pu-240 l.60E-03 4.25E-02 4.34E-03 l.85E-02 9.92E-03 4.77E-03 1.16E-OI 5.86E-03
Am-241 l.01E-01 600E-02 IA4E-OI 5.39E-OI l.80E-OI l.80E-OI 7.61E-02 IA6E-OI
Pu-24 I 2.80E-02 8.80E-OI 308E-02 l.34E-OI 6.74E-02 7. 13E-02 2. 84E+00 7AOE-02
Cm-242 201E-04 l.01E-04 4.63E-04 l.76E-03 6.58E-04 705E-04 9.37E-05 4.39E-04
Pu-242 l.69E-07 4.33E-06 2.65E-07 1.19E-06 5.76E-07 4.32E-07 l.37E-05 5.56E-07
Am-243 6.79E-05 4.25E-06 5.27E-06 200E-05 7A5E-06 6.82E-06 l.29E-05 5.63E-06
Cm-243 l.l1E-05 l.33E-04 5.94E-05 l.24E-03 2.14E-03 1.18E-04 5AOE-05 9.67E-05
Cm-244 2.62E-04 2.98E-03 8.62E-04 2.71E-02 5.00E-02 203E-03 1.18E-03 l.63E-03
H-3 3.99E-OI 402E+00 8.91E-01 2A4E+00 l.27E-OI 6.14E-OI 4.21E+00 9.67E-OI
Ni-59 3A9E-03 l.28E-OI 2.59E-02 3.94E-02 l.OOE-OI 2.64E-02 7.84E-02 8.75E-02
Co-60 6.99E-03 5.51E-01 3.lOE-OI 7.50E-OI 5.87E-OI 601E-01 9.25E-OI 3.lOE-OI
Ni-63 3.23E-OI 1.18E+0l 2AOE+00 3.65E+00 9.20E+00 2A5E+00 7.22E+00 7.22E+00
Se-79 6.52E-02 7.21E-02 IA3E-OI l.OOE-OI 6.26E-02 l.81E-01 8.91E-02 9.74E-02
Sr-90 8.200+01 8.54E+0l 3.21E+01 l.68E+02 l.23E+02 IA9E+02 l.77E+02 7.84E+OI
Y-90 8.200+01 8.54E+0l 3.21E+01 l.68E+02 l.23E+02 IA9E+02 l.77E+02 7.84E+OI
Nb-93m 2.500-01 l.38E+00 606E-OI 5.36E-OI 8.62E-OI 4.84E-OI l.63E+00 8.52E-OI
Zr-93 l.77E-OI l.79E+00 703E-OI 6.51E-01 l.03E+OO 5.38E-OI 2A7E+00 l.02E+00
Tc-99 l.62E+OI l.55E+OI l.35E+OI l.72E+Ol IA7E+0l l.85E+0l 206E+0l 1.19E+0l

Total 2.17E+02 9.51E+02 4.98E+02 8.99E+02 9. I 8E+02 8.24E+02 1.15E+03 9A2E+02
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Table 4 - Tank Volumes

Tank
Process Sizing 80·/. ofProcess Sizing
(gal) Gallons Liters

Feed Receipt Tank 14,400 11,520 43,608
Cs Product Tank 7,700 6,160 23,315
LAW Product Tank 57,500 46000 174,129

Table 5 - 3IX-SRF Chemical MAR Based on Chemical Storage

Chemical Volume
Bulk NaOH, 50 wt% 12 500 gal
0.1 MNaOH 2,100 gal
0.5MNaOH 2,700 gal
BulkHN03 6,500 gal
0.45 MHN03 12,500 gal
Bulk NaN02 , 20 wt% 55 gal
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Assessment Summary Form (IX-sRF-l.l.2)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-formaldahyde (SRF) Ion Exchange
Safety - 1.0
Process Safety - 1.1
Concentration of radiological and chemical MAR - 1.1.2

Assessment Scope: This assessment evaluates the concentration of radiological (unit liter dose) and
chemical (unit sum of fractions) material at risk (MAR), which is the amount of material available to be
acted on by a given physical stress.

Conditions: Tank waste feed is accumulated in a feed receipt tank following mechanical filtration to
remove suspended solids. The aqueous waste feed is then passed through two IX-SRF columns where an
exchange of ions between the solid resin and the liquid feed occurs with no substantial change in the
structure ofthe solid. LAW product tanks collect the liquid from the polishing column and transfer it to
the WTP.

Periodically, the semi-continuous operating cycle must be stopped to support elution ofthe IX-SRF
columns. Elution is performed primarily to remove cesium from the solid resin (reverse the ion exchange
process) and regenerate the resin bed. Eluant is transferred to the cesium product tank and eventually
back to the DST.

Other Considerations: The elution cycle only occurs when conditions indicate that the observed cesium
concentration leaving the lead column is one-halfthe cesium concentration in the feed to the lead column.
This means the MAR, particularly the radiological MAR, presents the maximum consequence potential
for onlv a fraction ofthe process cvcle.

References:
1. IX-SRF Process Flow Diagram
2. RPP-8369, Rev. 2, Chemical Source Termsfor Tank Farms Safety Analyses
3. Density tables found on http://www.chembuddy.com/?left~CASC&right~densitvtables
4. Subcommittee on Consequence Assessment and Protective Actions (SCAPA) website at

http://orise.orau.gov/emi/scapa/default.htm
5. ICRP 68, Dose Coefficients for Intakes ofRadionuclides by Workers

Attachments:
1. Tables of unit liter dose values for cesium separation processes
2. Chemical material at risk concentration derivations and corn arison to TEEL-3 limits

Assessment Summary: Ofthe streams evaluated the highest unit liter dose (ULD) values were calculated
for the eluant entering the cesium product tank. The ULD values for the cesium product return to the
DST were equivalent to the eluant. Relatively speaking, there is insignificant difference between the
three cesium separation processes with respect to the ULD values for the LAW to WTP product stream.

Chemically, the highest concentration/TEEL ratio (1.53xl07
) was calculated for 50 wt% NaOH. The

ratios and sum of fractions are within the bounds of similar chemical analyses performed for tanks in the
tank farms with respect to evaluation oftoxicity.

Prepared by: Douglas B. Teachout

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Table 4. Unit Liter Dose for CSSX Technology

RPP-RPT-37741, Rev 0

Waste Stream

Tank
Concentrate

Feed
LAW to Extraction Strip

CstoDST
toDST WTP Concentrate Solution

(Stream 2) (Stream 3) (Stream 7) (Stream 8) (Stream 14) (Stream 16)
AN-I04 48.7 48.7 1.3 139.2 466.7 279.6
AP-I0l 82.8 82.8 3.3 64.9 211.2 128.1
AP-I02 63.2 63.2 1.7 72.0 241.4 144.6
AP-I03 72.4 72.4 5.8 56.1 188.1 112.7
AP-I04 53.6 53.6 3.1 45.6 155.0 92.3
AP-I05 73.5 73.5 2.8 80.8 271.1 162.4
AP-I07 167.7 167.7 6.7 249.9 739.4 465.2
AP-I08 56.4 56.4 2.2 32.5 112.2 66.4

Table 5. Unit Liter Dose for FC Technology

Waste Stream

Tank
Concentrate

Feed
First Stage Cs Return Second LAW to

toDST Waste toDST Stage Feed WTP
(Stream 2) (Stream 3) (Stream 13) (Stream 14) (Stream 20) (Stream 29)

AN-I04 48.7 48.7 175.7 116.5 1.5 1.3
AP-I0l 82.8 82.8 341.6 226.5 1.3 1.1
AP-I02 63.2 63.2 182.5 98.7 0.8 0.5
AP-I03 72.4 72.4 215.1 142.7 2.6 2.8
AP-I04 53.6 53.6 167.5 111.1 1.7 1.7
AP-I05 73.5 73.5 207.3 137.5 2.1 2.2
AP-I07 167.7 167.7 777.5 515.6 3.0 2.4
AP-I08 56.4 56.4 149.6 99.2 1.3 1.2

Table 6. Unit Liter Dose for s-RF IX Technology

Waste Stream

Tank
Concentrate

Feed LAWtoWTP Eluant
Cs Return to

toDST DST
(Stream 2) (Stream 3) (Stream 7) (Stream 10) (Stream 11)

AN-I04 48.7 48.7 1.3 214.5 213.1
AP-I0l 82.8 82.8 3.3 216.6 214.4
AP-I02 63.2 63.2 1.7 197.2 195.9
AP-I03 72.4 72.4 5.8 194.6 193.2
AP-I04 53.6 53.6 3.1 169.5 168.4
AP-I05 73.5 73.5 2.8 212.4 211.0
AP-I07 167.7 167.7 6.7 344.8 342.0
AP-I08 56.4 56.4 2.2 156.5 155.4
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Temporary Emergency Exposure Limits (TEELs) were used for the short-term chemical concentration
limits; specifically, consideration was given to TEEL-3 values. The TEEL is the maximum concentration
in air below which it is believed nearly all individuals could be exposed without experiencing or
developing life-threatening health effects.

The concentration for the chemicals of interest (concern) are determined and compared to limits
established as federal guidelines. Ratios ofthe concentration to TEEL guideline limit are then summed to
determine the sum of fractions per the following expression:

C
Sum of fractions = L '

, TEEL,

Constants

gm
AWNa:~ 22.9897692g

mol

gm
AWO:~ 15.9994

mol

gm
AWH:~1.00794

mol

gm
PNaOH 50 wt%:~ 1.5290 mL

gm
AWN:~ 14.006/

mol

gm
PNaN02 20 wt%:~ 2.2·

ml

gm
MWNaOH~ 39.997

mol

0.1 MNaOH

mol
MO.1 M NaOH:~O.I.-

- - L

gm
MWNaN02~ 68.99S=--

mol

gm
MWHN03~ 63.013

mol

0.5MNaOH

mol
MO.5 M NaOH:~05-

- - L

ConcO.1
6 mg

M NaOH~ 4x 10 
3

m

7mg
ConcO.5 M NaOH ~ 2x 10 3

m
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50wt%NaOH

S().gm
Moles NaOH :~ -===---

MWNaOH

(lOCj;m)
Vsolution := ----'--"--'--

PNaOH SO wt%

Moles NaOH
M SO wt% NaOH:~ V

- - solution

20wt% NaNO,

20·gm
MolesNaN02:~-==~

MWNaN02

100gm
Vsolution NaN02 :~ -----"---

- PNaN02 20 wt%

MolesNaN02
M 20 wt% NaN02:~---':':':::':"=-

- - Vsolution N aN02

0.45 M HN03

mol
M OAS M HN03:~ OA5-

- - L
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Moles NaOH ~ I.2Smol

Vsolution ~ 0.06S4L

mol
M SO wt% NaOH~ 19.114-

- - L

8 mg
ConcSO wt% NaOH~7.64Sx10-

- - 3
m

Moles NaN02 ~ 0.29mol

Vsolution NaN02 ~ 0.04SL

mol
M 20 wt% NaN02 ~ 6.377-

- - L

8 mg
Conc20 wt% NaN02~ 4Ax 10 3

m

7 mE
ConcOAS M HN03~ 2.836x 10 --;

m
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Table 7 s RF IX Chemical Concentrations with TEEL 3 Guidelines- -

Cone. TEEL-3 Conc.lTEEL- Percent of
Total

Chemical CASRN
(mg/m') (mg/m) 3 Fraction SOF

Percent
SOF

20wt%NaN02 7632-00-0 4.40E+08 60 7.33E+06 31.56% 31.56%

0.1 MNaOH 1310-73-2 4.00E+06 50 8.00E+04 0.34% 31.91%

0.5MNaOH 1310-73-3 2.00E+07 50 4.00E+05 1.72% 33.63%

50wt%NaOH 1310-73-2 7.65E+08 50 l.53E+07 65.85% 99.48%

0.45 MHN03 7697-37-2 2.84E+07 237 1.20E+05 0.52% 100.00%

Totals 2.32E+07 100.00%

Notes: SOF = Sum of Fractions
CAS = Chemical Abstracts Service Registry Nurnber
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Assessment Summary Form (IX-sRF-1.1.3)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Safety - 1.0
Process Safety - 1.1
Dispersability of the MAR -less dispersible fonn is better - 1.1.3

Assessment Scope: The scope ofthe assessment is determination ofthe dispersability of radiological and
chemical material at risk (MAR) with particular attention given to the physical fonn ofthe MAR.

Conditions: Ion exchange is a reversible chemical reaction wherein an ion from solution is exchanged for
a similarly charged ion attached to an immobile solid particle. These solid ion exchange particles are
predominantly synthetically produced organic resins. Each resin has a distinct number of mobile ion sites
that set the maximum quantity of exchanges per unit of resin. In the IX-SRF process the spherical fonn
ofResorcinol-Fonnaldehyde is used as the resin bed.

LAW is received from the DSTs and passed through a two column process - a lead column and a
polishing column.

Other Considerations: The IX-SRF process has a secondary waste consideration (spent resin). Existing
as a solid, the MAR concerns here are minimized.

I

References: None

Attachments: None

Assessment Summary: Operationally, IX-SRF is the most straightforward ofthe cesium separation
technologies. The MAR exists as a solid when ionically bound to the resin, which is the most favorable
state for MAR when considering its dispersability.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Assessment Summary Form (IX-sRF-1.1.4)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Safety - 1.0
Process Safety - 1.1
Dispersive energy - 1.1.4

Assessment Scope: Evaluate the dispersive energy inherent in process parameters (e.g., heat, off gassing,
pressure). Focus will be placed on interally initiated events and process-initiated events only.
Consideration may be given to parametric factors such as temperature, flow rate, pressure, kinetic energy,
etc.

Conditions: Evaluated components for contribution to any dispersion energy and included the evaluation
in the attached table.

References: WSRC-STI-2007-00609, Literature Reviews to Support Ion Exchange Technology Selection
for Modular Salt Processing

Attachments: Dispersion Energy Table

Assessment Summary: The IX-SRF process includes components with predictable contributions to
dispersive energy. Unique to the IX-SRF process is the presence of the lead and polishing ion exchange
columns that are susceptible to hydrogen gas generation from radiolysis. Ion exchange is a process
implemented successfully for the same purpose at several other sites.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Evaluation of Dispersion Energy

Background Information
DOE-HDBK-301 0-94, Airborne Release Fractions/Rates and Respirable Fractions for Nonreactor
Nuclear Facilities, provides a compendium of analyses and experimental data from which airborne
release fractions (ARFs) and respirable fractions (RFs) may be derived. The purpose ofthese values is
to provide a method to determine quantities of radioactive material driven airborne for the purpose of
estimating the scope of potential release spectrum and potential downwind consequences from a given
facility or activity. Dispersive energy and the sources ofthis energy have a key role in determining the
values to be used from the handbook.

Ener
Rotational
Kinetic Energy

Reactive
Chemical
Energy

Thermal
Potential Energy

Source
Feed pump (10 gpm)
LAW product pumps (100
gpm)
Cs product pumps (100 gpm)
Spent resin pump (5 gpm)

Chemicals present in the
CSSX process.
NaOH
RNa,
NaN02

H2 Gas
Off-Gassing

Evaluation
The rotational motion ofthe pumps in the s-RF IX
process first converts the energy ofthe prime mover
into velocity or kinetic energy and then into pressure
energy ofthe fluid being pumped. Pressure energy
developed by this process acts as the dispersive
energy for the material at risk in the system.

These chemicals are used in the rinse, elution, and
regeneration activities, which are composed of a
series of operating cycles. Reactivity ranges from
moderate to extreme for these chemicals when in
contact with other materials or chemicals. Chemical
reactions resulting in process upsets are capable of
dispersing material at risk present in the process.

Hydrogen gas generation occurs due to radiolysis
that takes place in the ion exchange columns over
the resin lifetime. The amount of gas generation
varies depending on the processing conditions.

While hydrogen and oxygen are the primary
gaseous products of radiolysis, small amounts of
CO2 , CO, CIL, and N20 are produced as well.

Off-gassing may also result from inadvertent resin
exposure to high acid concentrations (which is
unlikely for the s-RF IX process), which would lead
primarily to the production of CO2 , N20, and N02 .

Potential Energy Tanks and Vessels
- Gravitational

Potential energy can be converted to dispersion
energy in the form free-fall spills, sprays, etc. A
component leak or rupture would be required to
permit liquid to escape to form an atmospheric
dispersion.
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Assessment Summary Form (IX-sRF-1.1.5)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Safety - 1.0
Process Safety - 1.1
Process Stability - 1.1.5

Assessment Scope: The scope ofthe assessment includes evaluation of the inherent process stability
including the proposed process control system, method of shutdown, and ease of shutdown. Rapid
response to a safe shut down configuration is the desired end state.

Conditions: The IX-SRF process operates under at a slight pressure and 25 C. The flow shuts down
simply by turning offthe pump of the ongoing process (feed, rinse, elution etc). A potential concern with
IX is that column could heat up from the Cs137 decay in a loaded condition. Therefore the tank sizing
provided extra capacity so that a displacement, rinse and elution cycle could be performed as needed. So
a safe shutdown potential will have to have Cs removed from the columns.

Other Considerations: This technology is the same as WTP and has undergone safety evaluations
including safe shut down.

I R</.,=", Noo<

Attachments: None

Assessment Summary: The SRF process can quickly be shutdown. Ifthe shutdown is extended, then
the columns should have the loaded Cs removed.

Prepared by: GaIT Dunford

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (IX-sRF-1.1.6)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Safety - 1.0
Process Safety - 1.1
Process that does not create a new or exacerbate an existing Tank Farm hazard is
preferred to one that does - 1.1.6

Assessment Scope: The assessment evaluates potential accident initiators. Objectively, it is desired to
demonstrate that the technology does not create a new or exacerbate an existing Tank Farm hazard.

Conditions: The IX-SRF technology was reviewed against the candidate accident scenarios and
underlying hazard evaluations.

Above ground structure failure: perfonning maintenance on equipment creates a potential to drop
equipment that subsequently both damages the component or another system component and results in a
radioactive release, e.g., aboveground transfer line.

Mixing of incompatible materials: The IX-SRF process uses nitric acid and sodium hydroxide during the
rinse, elution, and regeneration phases ofthe operating cycle. Degradation of the IX-SRF is also
anticipated, which has the potential for introduction ofthe resin into the product and waste streams.
Introduction of such incompatible materials with tank waste could exacerbate the existing Tank Fanns
hazards.

Other Considerations: Hydrogen gas generation in the ion exchange columns is assessed in SAF_1.7.

References: RPP-13033, Tank Fann Documented Safety Analysis

Attachments: Table 1 - Evaluation ofImpact on Tank Fann Hazards

Assessment Summary: The IX-SRF cesium separation process has the potential to impact hazards that
would exacerbate two ofthe representative candidate accident scenarios.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford

455

Date: 05/19/08

Date: 5/26/08



RPP-RPT-37741, Rev 0

The Tank Farms documented safety analysis (DSA) discusses the selection of representative accident
scenarios for hazard evaluation. Potential hazardous conditions were collected into candidate accident
groups sharing similar accident phenomenology. With the candidate accident scenarios defined, accident
scenarios were developed representative ofthe characteristics of each candidate accident phenomena.
Reevaluation ofthe scenarios was performed, subsequent to development, to determine if each candidate
accident was unique for all other candidate accidents. Candidate accidents were then combined to form
the final set of representative accidents.

Candidate accidents that were grouped into a representative accident and a brief description ofthe hazard
associated with each include:
• Flammable gas accidents: includes deflagrations initiated by the ignition of flammable gases in the

headspace of a DST/SST.
• Nuclear criticality: includes assessment of fissile material and the favorability ofthe geometry to

result in a criticality.
• Vacuum exhaust line rupture: release of waste aerosols to the atmosphere resulting from a rupture

ofthe vacuum exhaust line during vacuum retrieval operations.
• Release from contaminated facility: flammable gas deflagration in a waste transfer-associated

structure that results in an uncontrolled release of radioactive and other hazardous material.
• Tank failure due to excessive loads: waste tank dome failure caused by excessive concentrated or

uniform load external to the tank, load drop, and internal loads caused by waste storage.
• Above ground structure failure: encompasses drops of contaminated equipment (e.g., the dropping

of a contaminated pump as it is being withdrawn from a tank with subsequent release from the pump)
and other releases from contaminated above ground structures (e.g., waste leaking from a pump as it
is removed from a tank, a crane load drop onto a HEPA filter housing, or a facility collapse caused by
aging or natural phenomena.

• Mixing of incompatible materials: initiated by the addition of an incompatible material with tank
waste resulting in the release oftoxic components.

• Waste transfer leak: encompasses all waste transfer-related leaks; two candidate leak scenarios
were selected as most representative, a fine spray leak and a large pipe break into a pit.

• Unplanned excavation I drilling: accident initiated by accidentally excavating or drilling into an
active or inactive liquid disposal site (e.g., crib, ditch, or pond), an unplanned release site, or an
underground waste tank contaminated plume column in the 200 Area.

Table 1- Evaluation oflmpact on Tank Farm Hazards

Evaluation oflmpact on Tank Farms Hazards

Potential to Impact on Accident I HazardTank Farms Representative
Accident Scenarios

Flammable Gas Accidents

Nuclear Criticality

Vacuum Exhaust Line Rupture

Release from Contaminated Facility

Tank Failure Due to Excessive Loads

Above Ground Structure Failure

Mixing ofincompatible Materials

Waste Transfer Leak

Unplanned Excavation I Drilling

CFF
No

No

No

No

No

Yes

Yes

No

No
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RM
No

No

No

No

No

Yes

Yes

No

No

CSSX
No

No

No

No

No

Yes

Yes

No

No

FC
No

No

No

No

No

Yes

No

No

No

RFIX
No

No

No

No

No

Yes

Yes

No

No
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Assessment Summary Form (IX-sRF-1.1.7)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Safety - 1.0
Process Safety - 1.1
Less fire hazard - 1.1.7

Assessment Scope: Evaluation ofthe combustible loading inherent to the technology. This includes, but
is not limited to, the presence of combustible materials, the production of flammable gas, or flammable
by-products.

Conditions: During nonnal operation ofthe IX-SRF cesium separation process, waste supernatant
containing cesium is passed through two ion exchange columns. Radiolysis, which is anticipated to occur
in the ion exchange columns, is the dissociation of molecules by radiation, effectively cleaving one or
several chemical bonds resulting from exposure to high-energy flux. The ion exchange columns used in
the IX-SRF process are susceptible to fonning hydrogen gas as the radiolysis process cleaves the water
compound to produce the hydrogen

Other Considerations: Administrative controls would be required to maintain separation of chemicals
(e.g., RNO, and NaOH) used in this process.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: The IX-SRF process is susceptible to fonning hydrogen gas. Additionally, the
technology uses chemicals that must be managed to prevent mixing, which could result in heat
generation. Fire hazards and associated analysis would be required for implementation ofthis cesium
separation process.

Prepared by: Douglas B. Teachout

Reviewed by: GaIT Dunford
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Assessment Summary Form (IX-sRF-1.1.8)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Safety - 1.0
Process Safety - 1.1
Reactive Chemicals - 1.1.8

Assessment Scope: Evaluate the overall process for the presence of reactive chemicals. This evaluation
will include the potential for reactive chemical combination during the process cycle.

Conditions: The SRF-IX process uses nitic acid and sodium hydroxide. Also the SRF resin will degrade
and some of it will be lost in the product and waste streams. Nitric acid will react with caustic streams
and the waste, therefore flushes and dilute rinse are required between process steps. The resin will nitrate
to a degree (under acid conditions), but not sufficiently to create a safety issue. Resin behavior was
evaluted by SRP for the WTP.

Other Considerations: Bits of resins that make it back to the TF will slowly degrade under caustic
conditions and produce CO2 and smaller organic compounds. The TF DSA currently prohibits
additions/handling of bulk chemicals like nitric acid in the tank farms as an admin control.

References: RPP-RPT-37551, Draft A, ""Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: Separation of chemicals in storage and use is required to safely operation the IX
SRF process. Nitric acid is the main chemical of concern. While the chemical reactivity is unfamiliar to
tank fanns, the use of acid in processing waste is common and has been evaluated for other sites/facilities.

Prepared by: GaIT Dunford

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (IX-sRF-1.2.1)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Safety - 1.0
Criticality Safety - 1.2
A Process that is inherently subcritical is preferred over a process that relies on criticality
controls - 1.2.1

Assessment Scope: Sub-bullets for this definition are:
+ Does the process have less than the minimum critical mass?
+ Does the process alter the form and distmbution ofthe TF waste

Conditions: The IX-SRF process does not accumulate fissile material. The hold up in the system based
on supernatant concentration is well below the minimum critical mass and approaches 15 grams (fissile
exempt) per the attached table (grams of 239pU in each full feed batch). The process does not alter TF
waste/solids such that the criticality analysis is impacted.

Other Considerations: The process does use nitric acid. The TF-DSA does have a restriction on bulk
chemical and this would have to be evaluated during design. However, even a significant spill of acid or
acid return to the tank would not impact the criticality analysis, due to the capacity ofthe liquid to
neutralize the acid before it dissolve neutron absorbers in the sludge.

References: Tank Fann Documented Safety Analysis

Attachments: Table 1 - 239pU content in feed vectors

Assessment Summary: The process is sub-critical under nonnal and offnonnal conditions; a criticality is
not credible because the fissile mass is too low. This process does not change the result ofthe TF-DSA
evaluation.

Prepared by: Gary Dunford

Reviewed by: --"P~.-"S,,-.-"S"'ch"a"'u"'s'--- _
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AN-I04
AP-IOI
AP-I02
AP-I03
AP-I04
AP-I05
AP-I07
AP-I08
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Table 1- Pu-239 Content in Feed Vectors

Isotope Ci/hr to Cs Sep Total Ci Total Grams
239Pu 4.94E-05 3.46E-Ol 5.58E+OO
239Pu 1.47E-03 l.03E+Ol 1.66E+02
239Pu 2.07E-04 1.45E+OO 2.34E+Ol
239Pu 8.87E-04 6.22E+OO l.OOE+02
239Pu 4.66E-04 3.27E+OO 5.27E+Ol
239Pu 1.93E-04 l.35E+OO 2.19E+Ol
239Pu 3.54E-03 2.48E+Ol 4.01E+02
239Pu 2.48E-04 1.74E+OO 2.81E+Ol

Total values are in the complete tank/feed batch to be processed
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Assessment Summary Form (IX-sRF-1.3.1)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Safety - 1.0
Industrial Safety and Hygiene - 1.3
Less hazards/less severe hazardous is better - 1.3.1

Assessment Scope: Evaluate the technology flowsheet(s) and layout to identifY potential hazards to
personnel including: walking/elevated working surfaces, access/egress, temperature/pressure extremes,
ergonomic hazards, and atmospheric hazardous/industrial hygiene sampling.

Conditions: The IX-SRF equipment will be located in a below-grade facility. Thus, access and egress is
only from above and would be considered a confined space entry into a radiation zone. Sodium
hydroxide (NaOH) and nitric acid (RNO,) are added during processing that would require storing and
mixing (RPP-RPT-30160 §A.2.5); chemical storage tanks are located on-grade. There are two IX
columns, a heat exchanger, a condenser, and approximately five transfer pumps that could be hazardous
to personnel. Spent IX-SRF resin will need to be periodically removed for disposal; the accumulation
tank is located below-grade while the load-out station and fresh resin storage is located on-grade. Routine
orocess samoling is oerfonned in a dedicated remote samole room located on-grade.

Other Considerations: Cesium separation facility layouts do not have enough detail to identifY
ergonomic hazards at this time, but it is assumed that final equipment layout would maximize
accessibility by maintenance personnel to the extent possible.

References: RPP-RPT-30160, 2006, Supporting Information For The Evaluation Of Waste Treatment
And Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

IX Plan Cross Flow Draft, pdf dated 5/15/08

Attachments: None

Assessment Summary:
• IX~SRF equipment located below-grade in confined space radiation zone

• Chemicals added include NaOH and RNO, (chemical storage on-grade)

• IX-SRF equipment includes 2 IX columns, a heat exchanger, a condenser, and 5 transfer pumps

• Spent IX resin periodically removed for disposal

• Routine process sampling is perfonned in a dedicated remote sample room located on-grade

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: Garv Dunford
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Assessment Summary Form (IX-sRF-2.1.1)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (s-RF) Ion Exchange
Regulatory/Stakeholder Acceptance - 2.0
Achieve Tribal Nations/Stakeholder's Acceptance - 2.1
Early waste treatment enabled - 2.1.1

Assessment Scope: Can the technology be ready by the target start date? This includes completion of
testing, design, construction, permitting, and operational readiness review. (Only technology dependent
issues will be considered.)

Conditions: Construction and operational readiness are theoretically possible within the timeframe
necessary to make early pretreatment viable. The mission support schedule scenarios support Tank Farm
pretreatment operation prior to the target start date. (RPP-RPT-30160 §5.3.2.1 and 5.3.2.2) See
Assessments PROG-5.2.3 for programmatic permitting risks.
From a regulatory/pennitting perspective it is possible for all the necessary pennits and compliance
documents to be completed within the timeframe necessary to make early pretreatment viable. The
elapsed time from pennit application preparation to receipt of pennit is highly variable. It is assumed that
a RCRA pennit for a new TSD facility will require the most time - approximately 2 years. All schedules
assume a 2 year period to complete all necessary pennits. (RPP-RPT-30160 §3.6.5.4)
Industry standards are adequate for all equipment; no special design or development is required for use at
the Hanford Site.

Other Considerations: The ion exchange process has been used to separate cesium from alkaline tank
wastes in two production applications at the Hanford Site. (RPP-PRT-30160, §A.2.5)
This technology is planned for use at WTP. Successful use of this technology for pretreatment could
shorten the permitting process for WTP.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Attachments: None

Assessment Summary:
• Industry standards are adequate for all equipment so no special design or development is

required.

• Possible to complete permitting, construction and operational readiness for startup in by the target

start date.

Prepared by: Kim Sheldon, Vista Engineering

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-2.1.2)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Regulatory/Stakeholder Acceptance - 2.0
Achieve Tribal Nations/Stakeholder's Acceptance - 2.1
Land usage (more contaminated ground) - 2.1.2

Assessment Scope: Estimate the footprint ofthe facility including piping to/from the facility.

Conditions: Process equipment is generally located in underground, shielded vaults with removable
concrete beams as cover blocks; process support equipment will be located above grade (RPP-RPT
37551, §8.0). Process vault plus process building footprints have been calculated from the IX-SRF
facility site plans (RPP-RPT-37551, Table 6 - 46).

IX-SRF with RMF is 4032 ff while IX-SRF with CFP is 4610 ft2

Other Considerations: There are two possible site locations for the IPS Facility (Site Evaluation
2E-08-11). Both sites passed the site evaluation; however, site #1 is the preferred location. The footprint
ofthe transfer piping to/from the IPS Facility will vary depending upon which site is chosen (but
independent of cesium separation technology). Calculated facility area does not include areas such as
facility ventilation, support buildings, contingency expansion space, and parking that would be required
regardless oftechnology choice.

References: RPP-RPT-37551, 2008, Interim Pretreatment System Pre-conceptual Candidate Technology
Descriptions, CH2MHILL Hanford Group Inc., Richland, Washington.

Site Evaluation 2E-08-11 dated 4/30/08

Attachments: None.

Assessment Summary: Maximum IX-SRF process vault plus process building footprint is 4610 ft'

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: -!P~.-"S,,-."'S"'chlla"'u"'s'--- _
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Assessment Summary Form (IX-sRF-2.2.1)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Compliance with applicable regs (RCRA, NEPA/SEPA, NESHAPS, NPDES, CAA,
DOE Orders) - 2.2.1

Assessment Scope: Has this technology previously been pennitted for use? Are there factors related to
the use ofthis technology that would affect the permitting process?

Conditions: Ion exchange has been used to separate cesium from alkaline tank waste in two production
applications at the Hanford site. The SRF resin has undergone testing that demonstrates the minimum
cesium DF can be achieved for pretreating LAW solutions. There is a base of infonnation to support the
pennit application process. For schedule and planning purposes it is assumed that the permitting process
will take 28 - 33 months for all technology choices. IX-SRF has not been previously pennitted for use on
the Hanford Site.
RCRA - The Interim Pretreatment System and temporary tank storage units will constitute RCRA
treatment, storage, and disposal (TSD) units, and will require submittal of a Part B Permit Application
pursuant to WAC 173-303-806, and Ecology issuance of a final status RCRA Part B permit prior to
operation (WAC 173-303-840). (RPP-RPT-30160 §3.6.5.4)
CAA/NESHAPS - Three Notices of Construction (NOC) will be required for the LAW Pretreatment
System and temporary tank storage units: A radioactive air emissions NOC submitted to the State of
Washington Department ofHealth pursuant to WAC 246-247 and a non-radioactive NOC submitted to
Washington State Department of Ecology pursuant to WAC 173-400 and 460, with a copy provided to
US EPA. (RPP-RPT-30160 §3.6.5.4)
NEPA - It is assumed that any early LAW pretreatment will be covered by the Tank Closure and Waste
Management (TC&WM) Environmental Impact Statement (expected 12/2009) and issuance of its Record
of Decision (expected 1/2010). Based on the ROD, an evaluation ofthe IX-SRF technology will need to
be perfonned to determine whether it is adequately covered or additional NEPA coverage is required
(e.g., Environmental Assessment). In the event that completion ofthe TC&WM-EIS is significantly
delayed beyond its expected completion date of 12/2009, an alternate NEPA option may be required, e.g.,
an Interim Action Environmental Assessment.
SEPA - DOE needs to submit a SEPA Checklist along with the RCRA pennitting documentation for the
proposed activities. Ecology will compare the impacts ofthe proposed activities to the analysis
performed in the applicable NEPA document and determine whether that analysis adequately addresses
the proposed activities. (RPP-RPT-30160 §3.7)

NPDES - Not applicable to this activity.

Other Considerations: State regulators have been amenable, in the past, to expediting the permit process
to accelerate cleanup (e.g., IDF).
Unless the NEPA evaluation detennined that one ofthe technologies required an EA, while none of the
others did, regulatory compliance does not appear to be a discriminator.

Assumes a ROD on the TC&WM EIS is completed so the rest ofthe pennitting effort can go forward.
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References: RPP-RPT-30l60 Rev 0, Supporting Informationfor the Evaluation of Waste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, CH2MHILL
Hanford Group Inc., 2006.

Tank Closure & Waste Management EIS, draft.

Attachments: None

Assessment Summary:
o Ion exchange has been used to separate cesium from alkaline tank waste in two production

applications at the Hanford site.

o SRF resin has undergone testing that demonstrates the minimum cesium DF can be achieved for

pretreating LAW solutions.

o Ion exchange has been permitted for use on the Hanford Site using different media.

o IX-SRF has not been previously permitted for use on the Hanford Site, but there is no inherent

obstacle to prohibit obtaining a permit for this technology.

o There is a base of information to support the permit application process.

o Assumes a ROD on the TC&WM EIS is completed by its expected date of January 2010 so the

rest of the permitting effort can go forward.

Prepared by: Kim Sheldon, Vista Engineering

Reviewed by: --"P~...cS,,-."'S"'ch"a"'u"'s'--- _
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Assessment Summary Form (IX-sRF-2.2.2)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Impact to Disposal System Performance -2.2.2

Assessment Scope: Does the technology create an additional need for disposal of secondary waste? Is
the nature ofthe secondary waste such that constituents of potential concern (COPC) are mobilized that
increase long term storage risk?

Conditions: Items such as PPEs, HEPA filters, failed equipment, etc. are commonly disposed of during
Tank Fanns operations. Current mass balance flow sheets for the cesium separation technologies do not
identifY COPC levels for the secondary wastes (i.e., spent IX resin) (RPP-RPT-37551, Tables 6-11 tbm
6-18). Disposal activities would include sampling ofthe waste to ensure that Waste Acceptance Criteria
(WAC) is met.

Other Considerations: Technetium, iodine and chromium content (above the respective WAC) in the
secondary wastes could pose a problem during disposal activities and should be further investigated.

References: RPP-RPT-37551, May 2008, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions, Rev. A (Draft), CH2MHILL Hanford Group Inc., Richland,
Washington.

Attachments: None

Assessment Summary: Need to further investigate chemical compositions of secondary wastes for
COPCs including technetium, iodine and chromium

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-2.2.3)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Secondary Waste Fonn and Quantity - 2.2.3

Assessment Scope: IdentifY the nature ofwaste(s) that cannot be returned to the Tank Farms. Estimate
the quantity of each waste stream.

Conditions: A review ofthe IX-SRF Mass Balance Summary (RPP-RPT-37551, Tables 6-11 tbm 6-18)
identified one secondary waste stream: Stream 20 - Spent Resin to Disposal. The total quantity of resin
beads for the eight tanks is 4535 kg or 10,000 lbs (see table below). The spent resin is removed to a
commercial high-integrity container (HIC) sized to hold resin from two columns and de-watered for
disposal at the Hanford site solid waste facility (RPP-RPT-37551, §6.1.2). Gaseous effluents (process
off-gassing) will be routed through a two-stage HEPA filter prior to discharge. HEPA filters and their
upstream pre-filters are disposed of as LLW; it is assumed that these filters would need to be replaced at
most once during the IPS early mission. Other secondary wastes ofunknown quantities that will need
disposal include personal protection equipment (PPEs), failed equipment and cleanup from any chemical
spills. The amount ofPPEs for disposal would be proportional to the number and frequency of planned
entries into contaminated areas (for maintenance, etc.). Failed equipment and chemical spills are off
nonnal occurrences and difficult to estimate.

St 20 S t R . t D·ream - ,pen eSln 0 lsposa

Tank Resin (kQ:/hr) Total Hours Resin (kQ:)

AN-104 8.42E-02 5970 503

AP-101 1.12E-01 5438 609

AP-102 8.41E-02 5999 505

AP-103 8.01E-02 6768 542

AP-104 8.26E-02 5360 443

AP-105 8.78E-02 5959 523

AP-107 l.56E-01 5241 818

AP-108 8.46E-02 7015 593

Total ~ 4535

Other Considerations: It is assumed that the two-stage HEPA filtration ofprocess off-gassing will be
sufficient to meet clean air discharge standards.

References: RPP-RPT-37551, May 2008, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions, Rev. A (Draft), CH2MHILL Hanford Group Inc., Richland,
Washington.

Attachments: None
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Assessment Summary:
• 4535 kg (10,000 lbs) of spent ion exchange resin beads for disposal

• Gaseous effluent will be HEPA filtered (2 stages) prior to release; assume one time replacement
of filters (HEPA and pre-filters) during facility life cycle

• Unknown quantity ofPPEs, failed equipment, and chemical spill cleanup for disposal

Prepared by: Carv Ervin, Vista Engineering

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-2.2.4)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Regulatory/Stakeholder Acceptance - 2.0
Achieve regulators' acceptance - 2.2
Potential impacts to other permitted facilities - 2.2.4

Assessment Scope: Evaluate the impact ofthe technology on the operations of other pennitted facilities
on the Hanford Site. This includes any impacts to waste acceptance criteria (WAC), safety basis and
permit requirements.

Conditions:
LERF/ETF
Secondary liquid wastes are generated as a result ofthe IX-SRF processing. The IX-SRF system
generates neutralized cesium eluate solution that must be managed within the DST system. No secondary
liquid wastes requiring ETF processing are generated as a result ofIX-SRF activities. (See assessment
SRF-2.2.3)
WTP
Assuming certain plant modifications are completed, the current WTP Project commissioning approach
will support commissioning and operation ofthe IPS facility without the support ofthe Pretreatment
facility. It assumes that the required services from Balance of Facilities (BOF) and the WTP Laboratory
(LAW) are provided consistent with facilities being commissioned and operated. (RPP-RPT-30160
§3.5.2) The start of radioactive operations prior to completion ofWTP construction may impact
productivity ofthe construction work force. Due to the close proximity ofthe construction areas to
operating areas and potential for chemical or radiological releases affecting construction, additional
hazard controls may be required. (RPP-RPT-30160 §3.6.4)
Tank Farms and DST 242-A Evaporator
The modifications to the Tank Fanns required to support IPS include waste transfer system modifications
and construction! installation of processing equipment. At this time it is undetennined whether pennit
modifications will be necessary for existing operations or whether permits for the pretreatment process
will be sufficient for all interfaces. (RPP-RPT-30160 §3.5.1)
222-S Lab
At this time it is undetennined whether permit modifications will be necessary for existing operations due
to the increased volume of samples that will be sent to the lab as a result ofInterim Pretreatment.

Other Considerations: Assumptions include:
• Effluent production levels are within the capacity ofthe 242-A Evaporator and LERF/ETF

facilities to manage.

• All secondary solid waste is suitable for onsite disposal and will meet the current waste

acceptance criteria.

References: RPP-RPT-30160, 2006, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, Rev. 0,
CH2MHILL Hanford Group Inc., Richland, Washington.

Attachments: None
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Assessment Summary:
• The current WTP Project commissioning approach will support commissioning and operation of

the IPS facility, without the support ofthe Pretreatment facility.

• Evaluation needed to confirm secondary waste meets the waste acceptance criteria.

Prepared by: Kim Sheldon, Vista Engineering

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-3.1.1)

Technology:
Criteria:
Measure:
Definition:

Spherical resourcinol-formaldahyde (s-RF) Ion Exchange
Technical Maturity/Flexibility - 3.0
Technology Readiness Level - 3.1
TRL Number - 3.1.1

Assessment Scope: Determine a Technology Readiness Level (TRL) number for the subject technology.

Conditions: Establish number on the assumption of status as of May 30,2008, consistent with guidance
in DOE Process Guide (DOE 2008).

Other Considerations: Determination is based upon initial Technology Readiness Assessment ofthe
subject technology performed by DOE (DOE 2007); the technology was rated a TRL of 3. This
assessment evaluated technology, programmatic, and manufacturing related questions consistent with the
then draft DOE Process Guide. Some questions were modified in the final issued Process Guide (DOE
2008) but are not significant to the conclusions ofthe DOE 2007 assessment. A TRL level was qualified
if all questions in that level were concluded as "Yes" with documented results. Several "No" answers
were indicated on level 4 of the DOE Assessment, documented in table C3.

References:
DOE 2007, Technology Readiness AssessmentJor the Supplemental Treatment Program, DOE/ORP

2007-01, US DOE Office of River Protection, October 2007.
DOE 2008, Technology Readiness Assessment (TRA) / Technology Maturation Plan (TMP) Process

Guide, US DOE Office of Environmental Management, March 2008.

Attachments: Re-examined table C3 from DOE 2007.

Assessment Summary:
TRL~3

TRL workshop with senior management personnel was conducted on May 13 - 15, 2008 to review past
DOE Assessment (DOE 2007) and consider if conditions have changed since the previous year to warrant
increase in TRL number. Personnel in the workshop concluded that there were still sufficient negative
responses to the queries associated with TRL-4 such as to maintain the same conclusions as the DOE
Assessment (DOE 2007). TRL-4 query documentation is attached.

Prepared by: A. R. Tedeschi Date: May 23, 2008

Reviewed by: -"P~.-"S"-.-"S"'ch"'a"'u"'s'---- _
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TABLE I
Annotated Table C3 "Technology Readiness Level 4 Summary for the "Cesium Ion Exchange System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 1. Cross-technology issues (if any) have No change from prior Basis determination
been fully identified Criterion in DOE 2008 was changed to

following question: "1. Key process
variable/parameters have been fully identified
and preliminary hazard evaluations have been
performed." Results would be "No" for this
question since a preliminary hazard evaluation
has not yet been documented; this would not
affect the final conclusion ofthe assessment
since several "No's" have already been
identified.

Y 2. Laboratory components tested are No change from prior Basis determination
surrogates for system components

Y 3. Individual components tested in No change from prior Basis determination
laboratory/by supplier (contractor's
component acceptance testing)

Y 4. Subsystems composed of multiple No change from prior Basis determination
components tested at laboratory scale
using simulants

Y 5. Modeling and simulation used to No change from prior Basis determination
simulate some components and
interfaces between components

Y 6. Customer publishes requirements No change from prior Basis determination
document Criterion in DOE 2008 was slightly reworded

to "Overall system requirements for end user's
application are known."

Y 7. Overall system requirements for end No change from prior Basis determination
user's application are documented Criterion in DOE 2008 underlined the word

"documented," to distinguish it from question
#6 above.

Y 8. System performance metrics No change from prior Basis determination
measuring requirements have been
established

Y 9. Laboratory testing requirements No change from prior Basis determination
derived from system requirements are
established

Y 10. Available components assembled No change from prior Basis determination
into laboratory-scale system
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TABLE I
Annotated Table C3 "Technology Readiness Level 4 Summary for the "Cesium Ion Exchange System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 11. Laboratory experiments with No change from prior Basis determination
available components show that they
work together (laboratory kludge)

Y 12. Analysis completed to establish No change from prior Basis determination
component compatibility

N 13. Science and technology exit criteria No change from prior Basis determination
established

Y 14. Technology demonstrates basic No change from prior Basis determination
functionality in simulated environment

Y 15. Scalable technology prototypes have No change from prior Basis determination
been produced

N 16. Draft conceptual designs have been No change from prior Basis determination-
documented This question could be answered as "Yes"

considering the draft system descriptions,
process flow diagrams, material balance, and
arrangement drawings are being preparedjor
RPP-RPT-37551, but this document is not yet
released. This consistent interpretation will be
applied to all technologies, unless previously
documented as "Yes" (e.g., Fractional
Crystallization).

Y 17. Equipment scale-up relationships No change from prior Basis determination
are understood/accounted for in
technology development program

Y 18. Controlled laboratory envirornnent No change from prior Basis determination
used in testing

Y 19. Initial cost drivers identified No change from prior Basis determination

Y 20. Integration studies have been started No change from prior Basis determination

N 21. Formal risk management program No change from prior Basis determination
initiated

Y 22. Key manufacturing processes for No change from prior Basis determination
equipment systems identified

Y 23. Scaling documents and designs of No change from prior Basis determination
technology have been completed

Y 24. Key manufacturing processes No change from prior Basis determination
assessed in laboratory
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TABLE I
Annotated Table C3 "Technology Readiness Level 4 Summary for the "Cesium Ion Exchange System"
from (DOE 2007)

Criteria Criteria
Satisfied (numbers added consistent with DOE

2008 TRL Workshop Team Review of DOE

YIN 2008)
2007 "Basis for Completion"

Y 26. Low-fidelity technology "system" No change from prior Basis determination
integration and engineering completed
in a laboratory envirornnent

Y 27. Mitigation strategies identified to No change from prior Basis determination
address manufacturability/producibility
shortfalls

Y 33. (See Note) Technology availability No change from prior Basis determination
dates established

N 25. Functional work breakdown No change from prior Basis determination
structure developed (functions
established)

Note: The final DOE Process Guide (DOE 2008) included additional questions (#28 - #32) from those
previously documented in 2007 DOE Assessment (DOE 2007). They are included below in Table 2 for
completeness with a short summary conclusion by the author (without documented evidence); they were
not evaluated by the TRL Workshop team. They would not affect the TRL # determination, since several
"No's" have already been identified.

474



TABLE 2.

New Technology Readiness Level 4 Questions from (DOE 2008)
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Criteria Criteria
Satisfied (numbers added consistent with DOE Conclusion
YIN 2008)

Y 28. Key physical and chemical Simulants were developed based upon data for
properties have been characterized for a AP-IOI, AZ-I 02, andAN-I07 wastes.
range of wastes

Y 29. A limited number of simulants have Simulants were developed based upon data for
been developed that approximate the AP-IOI, AZ-I 02, andAN-I07 wastes.
range ofthe waste properties

Y 30. Laboratory-scale tests on a limited Yes, reference 14590-WTP-RPT-RT-07-005.
range of simulants and real waste have
been completed

Y 31. Process/parameterlimits and safety Limited safety issue being examinedfor
control strategies are being explored technology down-select, and control strategies

and/or limits are being exploredfor WTP
application.

Y 32. Test plan documents for Actual prototypical lab-scale test completed.
prototypical lab-scale tests completed
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Assessment Summary Form (IX-sRF-3.1.2)

Technology:
Criteria:
Measure:
Definition:

Spherical resourcinol-fonnaldahyde (s-RF) Ion Exchange
Technical Maturity/Flexibility - 3.0
Technology Readiness Level - 3.1
Effort to mature technology (cost and schedule) - 3.1.2

Assessment Scope: Detennine rough order of magnitude (ROM) cost and schedule for developing this
technology to technology readiness level (TRL) Level 6, allowing transition into final design (consistent
with DOE 2007). This effort covers testing for technology maturity only, i.e., development and
qualification testing. It does not include factory acceptance, construction acceptance, or operational
testing costs; these three project testing activities and all other project costs are covered by other
assessments.

Conditions: The base condition is established by TRL level 3, identified in same technology assessment
form TM-1.1. TRL 6 is defined in the DOE Process Guide (DOE 2008). Cost and schedule is planned
from technology status as of October 1, 2008.

Other Considerations: Major scope for achieving TRL 6 was defined in a TRL workshop of senior
management May 13 -14, 2008.

References:
DOE 2007, Technology Readiness Assessment/or the Supplemental Treatment Program, DOE/ORP

2007-01, US DOE Office of River Protection, October 2007.
DOE 2008, Technology Readiness Assessment (TRA) / Technology Maturation Plan (TMP) Process

Guide, US DOE Office of Environmental Management, March 2008.

Attachments: None

Assessment Summary:
ROM Cost ~ $ 3.5 M
ROM Schedule ~ 36 months
Major scope:

21. Complete testing with a broader range of actual DST waste samples.

22. Detennine impacts to Hanford tank storage and final vitrified product from resin carryover

23. Perform additional simulant testing to better understand impacts of upon cesium separation

24. Obtain additional data for aluminum solubility and validate against design assumptions

25. Perfonn additional testing to detenninelresolve design impacts from cooling design, resin

removal, and hydrogen mitigation

Base Assumptions:
12. Laboratory unit is still available for radioactive sample testing

13. Additional simulant development work will be needed

14. Waste Treatment Plant engineering scale system will be available for additional simulant testing

Prepared by: A. R. Tedeschi

Reviewed by: "-P"'.S"-.-'S"'c"'h"-au"'s'--- _
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Assessment Summary Form (IX-sRF-3.1.3)

Technology:
Criteria:
Measure:
Definition:

Spherical resourcinol-fonnaldahyde (s-RF) Ion Exchange
Technical Maturity/Flexibility - 3.0
Technology Readiness Level - 3.1
Probability of Success - 3.1.3

Assessment Scope: IdentifY technology maturation risks for the subject technology identified in the
technology description document (Draft CH2M HILL 2008), and from the technology readiness
assessment workshop, May 13 - 14, 2008.

Conditions: This is a subjective analysis of risk. Major risks will be identified and evaluated for the
following impacts to cost and schedule, resulting in the classic ranking. The following ranking table will
be used from the tank fann risk management procedure (CH2M HILL 2008), providing relative
Probability of Success binning as follows:
High Probability of Success: Worst case risk is Medium
Medium Probability of Success: Worst case risk is High
Low Probability of Success: Worst case risk is Very High

Risks will be listed in the Assessment Summary section. The worst case risk will be used as the final
qualifier for this assessment.

QUALITATIVE RISK VALUES

CONSEQUENCE

Very High
>$5M
>3 Mo

[3] Medium

High
>$1M <5M,

>1 Mo < 3Mos

[3] Marginal >0.4 to :0;0.6 [2] Low
[2] Unlikely >0.25 to .;0.4
[1] ery n ley «0.25)

[4] Likely >0.6 to ';.85 [2] Low

Very Low Low Medium
<$250K, >$250K <$500K, >$500K <$1 M,

F.P""R;.:O;:;B:::A,::B:;I;;L1~T.;,y,...,--=.,.---=+ ....",<,.,5.,;D;.;a;"y,;,S"...-I-_>.;.5..,Days <~2~W:k:S:t::>2=i!WkS < 1 Mo.
[5] Very Likely >.85 to 1.0 [3] Medium ill

Other Considerations: The technology readiness assessment workshop May 13 -14, 2008 gathered two
senior technical managers and multiple technical personnel to identifY risk items. The consequence and
probability values ofthese risk items (similarly for those items noted in the technology description) are
the detennination ofthe author. This risk evaluation will only consider those risks associated with
technology development, and not include risks from design or operation.

References:
Draft - CH2M HILL 2008, May, T.H. et ai, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008
CH2M HILL 2008, RiskManagement, TFC-PRJ-PC-C-13, Rev B-6, April 2008, CH2M HILL Hanford

Group Inc., Richland, WA

Attachments: None
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Probability of Success ~ High

RPP-RPT-3774l, Rev 0

(Worst Case Technology Maturation Risk is "Medium")

Risks identified in draft RPP-RPT-37551:
1. Potential resin drying issues (currently unknown) to achieve solid waste end-point criteria may impact
cost and schedule.

Consequence: Medium
Probability: Marginal
Risk: Medium

2. Uncertainty offinal cesium separation through additional testing and modeling during technical
maturation may require significant model revision and/or additional tests.

Consequence: High
Probability: Unlikely
Risk: Medium

Risks identified from technology readiness workshop May 13 - 14.
No additional risk identified

Prepared by: A. R. Tedeschi

Reviewed by: "-P"'.S'-'-.-'S"'c"'h"-au"'s'--- _
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Assessment Summary Form (IX-sRF-3.2.1)

Technology: Spherical resourcinol-fonnaldahyde Ion Exchange
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Ability to process a variety of feeds - 3.2.1

Assessment Scope: Evaluate general flexibility of system to process tank fann input streams that
vary in critical characteristics.

Conditions: This is a subjective evaluation of current capability based upon existing
configuration infonnation, past test results, and understanding of the unit operations. This effort
supports detennination of the overall Technology Readiness Level. Critical input stream
characteristics include:

• Chemistry (material/concentration, etc.)

• Physical properties (temperature, density, viscosity, etc.)

Other Considerations: While some laboratory and engineering prototypical effort has been
performed, testing bounding all actual DST waste and simulants is not completed. Sensitivities
related to resin washing and cesium elution are not discussed.

References:
CH2M HILL 2008, May, T. H. et aI, Project W-551, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008, CH2M
HILL Hanford Group, Inc., Richland, WA

Washington 2006, Adamson, D. J. et aI., Pilot Scale Hydraulic Testing ofResorcinol
Formaldehyde ion Exchange Resin, WSRC-TR-2005-00570, October 2006, Washington
Savannah River Company, Aiken, SC

Washington 2008, Smith, F. G., Modeling ofIon-Exchange for Cesium Removal from Hanford
Interim Pretreatment System Feeds, WSRC-STI-2008-00232, May 2008, Washington
Savannah River Company, Aiken, SC

Westinghouse 2004, Hardy, B. J.,Ion Exchange Modeling for Removal ofCesium from Hanford
Waste Using Resorcinol-Formaldehyde Resin, WSRC-TR-2004-00l00, Rev 0,
Westinghouse Savannah River Company, Aiken, SC

Attachments: None

Assessment Summary: Extensive modeling and testing of Savannah River, Hanford, and IPS
waste streams have been conducted to manage ion exchange sensitivities for various process
feeds.
Chemistry - Cesium separation is highly sensitive to the type of ion exchange resin. Significant
evaluation of the selected resin, spherical bead resorcinol-fonnaldehyde (RF) has been conducted
to demonstrate its potential for meeting Cs removal rates and support IPS separation goals.
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Initial modeling for Hanford Wastes has been conducted on the RF resin, to replace the past resin
baseline of SuperLig® 644 (Westinghouse 2004), which also compared model data with past
PNNL resin tests. Additional modeling (Washington 2008) has been conducted to establish
improved cesium adsorption isotherms for IPS feeds (initial 8 DSTs).

Cs capacity varies significantly with pH and is impacted by other cation concentrations (K and
Na), however rational selectivity coefficients for RF resin are consistently lower than the
corresponding value for SuperLig® 644 (Westinghouse 2004).

Physical - Modeling has evaluated sensitivity to flow rate, temperature, and column size
(Washington 2008), with results for RF resin indicating trade-offs in overall processing timing
from feed rate variation, better adsorption capacity at cooler temperatures, and insensitivity from
coluum geometry. Pilot scale testing has been conducted to evaluate pressure drop and
flow/adsorption performance (Washington 2006).

Prepared by: A. R. Tedeschi

Reviewed by: ...p~.-"S"-.-"S"'c""h""au"'s"- _
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Assessment Summary Form (IX-sRF-3.2.2)

Technology:
Criteria:
Measure:
Definition:

Spherical resourcinol-fonnaldahyde (s-RF) Ion Exchange
Technical Maturity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Ability to adjust process rate - 3.2.2

Assessment Scope: Conclude general flexibility of system to handle varying process feed/output rate.

Conditions: This is a subjective evaluation ofthe ability to adjust the subject technology input feed rate
while maintaining stable technology operation, based upon existing configuration infonnation, past test
results, and understanding ofthe unit operations. The technology shall be binned into the following
categories:
High Rate Flexibility ~ Can adjust process feed rate across wide range while having minimal effect on
operation.
Medium Rate Flexibility ~ Can only slightly adjust feed rates while maintaining stable operation.
Low Rate Flexibility ~ Slight feed rate adjustment will have high probability ofprocess upsets and
require significant effort to recover technology stability.

Other Considerations: All systems are operated by a similar pumping design. It is assumed that the
optimum design will be selected for feed rate control dependent upon the technology, i.e., valving,
pressure monitoring, automatic flow-control valves, and/or variable speed drives will be used as
appropriate. Since these support systems are extraneous to the technology, the specific feed control
scheme application will not be weighted - only the response ofthe technology to varying conditions.
Also, theoretically, process rate adjustment is a matter of design risk. Overcapacity could be designed
into the cesium separation system to handle rate fluctuations, by increasing the number of units. It is
assumed that the current pre-conceptual design as noted in the design description will be adequate to meet
specified flow capacities.

References: Draft - CH2M HILL 2008, May, T. H. et ai, Project W-55I, "Interim Pretreatment
System," Pre-conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Throughput Flexibility ~ Medium
Feed rate response is binned as similar to caustic side solvent extraction: dependent upon contact
chemistry within a fixed (size, resin type) resin bed. While more testing and modeling has been
performed around this technology than caustic side solvent extraction, feed rate response is still more than
a matter of hardware operating parameter adjustment, as in fractional crystallization. The chemical
exchange process occurring in the resin bed may be impacted by other chemical constituents within the
feed system at varied flow rates, making a cornman hardware flow rate or chemical change more
complex. Indeed, future modeling with specific Hanford wastes may indicate a wide range of impacts to
the chemical exchange process at varied feed rates.

This uncertainty establishes the flexibility ofthe technology comparable to the caustic side solvent
extraction, or "Medium."

Prepared by: A. R. Tedeschi

Reviewed by: --"P~...cS,,-."'S"'ch"a"'u"'s'--- _
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Assessment Summary Form (IX-sRF-3.2.3)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-formaldahyde (SRF) Ion Exchange
Technical Maturity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Flexibility to modifY product -3.2.3

Assessment Scope: Determine technology design and process control flexibility.

Conditions: This is a subjective evaluation based upon the technology and applied process control
ability. The following binning is arbitrarily defined to establish flexibility based upon degrees offreedom
oftechnology choices and process control parameters.
High filtration product flexibility ~ > 12 degrees of freedom.
Medium filtration product flexibility ~ < 12 and> 5 degrees offreedom
Low filtration product flexibility ~ < 5 degree offreedom.

Other Considerations: The baseline 137Cs concentration is assumed to be met by all three technologies.
All three technologies are also assumed to meet the maximum requirements for the other radionuclides
(BN! 2008); the ability to vary cesium concentrations and also other radionuclide concentration is
considered High flexibility.

References:
BN! 2008, Robert Hanson to S.A. Saunders, Early LAW Waste Receipt Criteria Revision, Memorandum,

CCN #155899, April 8, 2008, Bechtel National, Inc. Richland, WA.
Draft - CH2M HILL 2008, May, T.H. et aI, Project W-55I, "Interim Pretreatment System," Pre

conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Product Flexibility ~ Medium
Design and operating degrees of freedom ~ 10

45. Initial feed flow rate/pressure
46. Initial feed temperature
47. Lead column size/number

48. Polishing column size/number
49. Resin type

50. Resin timing regeneration
51. LAW product recycle rate to Lead column
52. LAW product recycle rate to Polishing column

53. Lead column supplemental chemical input chemistry

54. Polishing column supplemental chemical input chemistry

Prepared by: A. R. Tedeschi

Reviewed by: --"P~...cS,,-."'S"'ch"a"'u"'s'--- _
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Assessment Summary Form (IX-sRF-3.2.4)

Technology: Spherical resourcinol-fonnaldahyde Ion Exchange
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Ability to expand - 3.2.4

Assessment Scope: Evaluate flexibility of system to handle additional waste volume

Conditions: This is a subjective evaluation of current capability based upon existing
configuration infonnation, past test results, and understanding of the unit operations. This effort
supports detennination of the overall Technology Readiness Level. Critical expansion
characteristics include:

• Ability of existing design to handle additional feed volumes

• Ability for installation of addition separation unit operations into existing footprint

Evaluation assumes this flexibility is based upon additional volume/mass only with all other
waste conditions remaining constant.

References: CH2M HILL 2008, May, T. H. et aI, Project W-551, "Interim Pretreatment
System, " Pre-conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008,
CH2M HILL Hanford Group Inc., Richland WA.

Attachments: None

Assessment Summary: Ion exchange column sizing is based upon base design rates of 192 kg
Nalhr.

No over capacity is projected from this design, but could be incorporated into design. Capacity
increase would require moderate equipment size increases as well as foot-print modification.

Prepared by: A. R. Tedeschi

Reviewed by: ~P~.-"S,,-.-"S"'c""h""au"'s"---- _
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Assessment Summary Form (IX-sRF-3.2.5)

Technology: Spherical resourcinol-fonnaldahyde (s-RF) Ion Exchange
Criteria: Technical Maturity/Flexibility - 3.0
Measure: Process Flexibility and Robustness - 3.2
Definition: Recover from out of spec product - 3.2.5

Assessment Scope: Define flexibility of system to address product that does not meet
specification requirements.

Conditions: This is a subjective analysis based upon the current process flowsheet, without
specific systems assumed for recycle and storage to address out of specification product.
Flexibility is defined by the following binning:
High flexibility for recovery ~ existing system will allow recycle of product for convergence to
proper specifications without additional hardware systems (assumes minimal software changes).
Medium flexibility for recovery ~ system requires minimal storage or processing or software
modifications to allow for convergence of recycle streams to proper specifications (e.g., $lM
$5M)
Low flexibility for recovery ~ system requires significant storage or processing or software
modifications to allow convergence of recycle streams to proper specifications. (e.g., $5M
$20M)
Very Low flexibility for recovery ~ final product can no longer be further processed to improve
specification; out-of specification material must be segregated for special disposal handling or
blending for other treatment processes.

I Other Considerations: None

References: Draft - CH2M HILL 2008, May, T.H. et aI, Project W-55i, "interim Pretreatment
System," Pre-conceptual Candidate Technology Descriptions, RPP-RPT-3755l, June 2008

Attachments: None

Assessment Summary: Recovery flexibility ~ Medium
Current system design employs recycle lines back to the lead and polishing columns.
Technology allows for simple reprocessing of any recycle stream to improve Cs
decontamination, with added flexibility to use either lead or polishing column. System would
require minor tank storage changes to handle out of specification product while recycling.

Prepared by: A. R. Tedeschi

Reviewed by: ...p~.-,S,,-.-'S"'c""h""au"'s"---- _
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Assessment Summary Form (IX-sRF-3.2.6)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Technical Maturity/Flexibility - 3.0
Process Flexibility and Robustness - 3.2
Technology applicability to other DOE complex projects - 3.2.6

Assessment Scope: Define technology interface in relationship to other pretreatment activities occurring
across the DOE complex.

Conditions: This is a subjective analysis providing a ranked perspective of interfaces. Binning shall be
defined as follows:
High applicability to other DOE complex projects ~ Identical technology was or is being deployed in
other DOE site(s) for full scale operation.
Medium applicability to other DOE complex projects ~ Identical technology is under investigation at
other DOE site(s) for deployment.
Low applicability to other DOE complex projects ~ Identical technology is planned for investigation at
other DOE site(s).
No applicability ~ No further planning of deploying this technology is being considered at any other DOE
complex site.

I Other Considerations: None

References: Draft - CH2M HILL 2008, May, T.H. et aI, Project W-55I, "Interim Pretreatment System,"
Pre-conceptual Candidate Technology Descriptions, RPP-RPT-37551, June 2008

Attachments: None

Assessment Summary: Technical applicability is High.

The IX technology, with the specific ion exchange SRF resin, is being employed in the Hanford Waste
Treatment Plant.

Prepared by :_~A""".R".~T,-,e",d"e",-sc",hi",·~ _

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-4.1.1)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinal Fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number and frequency of surveillances - 4.1.1

Assessment Scope: The number and frequency of routine process parameters that must be recorded on
procedure data sheets during operating and shutdown periods.

Conditions: There are at least twenty-six (26) process parameters and eighteen (18) sump leak detectors
that require measurement and recording during routine equipment operation

Other Considerations: As the detailed design of the IX-SRF system is developed, there may be more
process parameters that will require monitoring and recording.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: Table 1 - Process parameters to be monitored

Assessment Summary: The IX-SRF process has at least twenty-six (26) process parameters and eighteen
(18) sump leak detectors that require measurement and recording during routine equipment operation.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Table 1 - Process Parameters to be monitored

1. Waste Feed Pump Amps

2. Waste Feed Pump Temperature

3. Waste Feed Flow

4. Waste Feed Control Valve Position

5. Waste Feed Temperature

6. IX Column Temperature

7. IX Polishing Column Temperature

8. IX Polishing Column Discharge Radiation Monitor

9. Cs Product Tank Level

10. LAW Product Tank I Level

11. LAW Product Tank 2 Level

12. Waste Feed Tank Level

13. Spent Resin Tank Level

14. IX Column Level

15. IX Polishing Column Level

16. Fresh Resin Tank I Level

17. Fresh Resin Tank 2 Level

18. Bulk Nitric Acid Tank Level

19. Bulk Caustic Tank Level

20. Bulk Water Tank Level

21. Bulk Nitrite Tank Level

22. Nitric 0.45M Tank Level

23. Caustic O.IOM Tank Level

24. Caustic 0.50M Tank Level

25. Vault Ventilation Flow
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26. Vessel Vent Vacuum

27. Leak Detector LAW Tank 1 Cell

28. Leak Detector LAW Tank 2 Cell

29. Leak Detector Feed Storage Cell

30. Leak Detector IX Column Cell

31. Leak Detector Cesium Product Cell

32. Leak Detector Bulk Acid Cell

33. Leak Detector Bulk Caustic Cell

34. Leak Detector Bulk Water

35. Leak Detector 0.45M Nitric Cell

36. Leak Detector O.IM Caustic Cell

37. Leak Detector 0.5M Caustic Cell

38. Leak Detector Fresh Resin CellI

39. Leak Detector Fresh Resin Ce1l2

40. Leak Detector
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Assessment Summary Form (IX-sRF-4.1.2)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinal Formaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number ofpeople to operate - 4.1.2

Assessment Scope: Determine the number ofpersonnel required to operate the SRF system.

Conditions: The personnel required to operate the IX-SRF system is five (5) operators, one (1) HPT, one
(1) process (or system) engineer, one (1) supervisor, one (1) instrument technician, and one (1) electrician
assigned to the IPS facility.

Other Considerations: During "hot" testing and initial startup of waste processing, the staff should be
increased to ensure adequate troubleshooting and technical experts are available to preclude process
upsets and to evaluate equipment performance.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Sections 6.1 and 8.1

Attachments: Table 1 - Personnel requirements for IX-SRF operation.

Assessment Summary: A total often (10) people will be required for normal operation ofthe IX-SRF
system

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Table 1 - Personnel requirements for IX-SRF operation

Control Room Operators - 2 each
Aqueous Makeup/Sampling Operators - 2 each
Sampling/Transfers Operator - 1 each
Health Physics Technician - 1 each
Instrument Technician - 1 each
Electrician - 1 each
Engineer - 1 each
Supervisor - 1 each
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Assessment Summary Form (IX-sRF-4.1.3)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinal Formaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Ease of startnp and shutdown - 4.1.3

Assessment Scope: Determine the complexity of startnp and shutdown ofthe components of SRF system
and its ancillary equipment.

Conditions: The startnp ofthe IX-SRF ion exchange columns requires that the resins have been
regenerated and are ready for loading. The feed stream must also be diluted with caustic to 6 M sodium
to preclude aluminum solids precipitation when the feed is cooled to temperatnre of25 C. The IX-SRF
columns are fed until the resin is loaded with cesium. Feed is stopped and rinse, elution and regeneration
cycles are completed. Feed is established and the process cycle is resumed.
Shutdown ofthe IX-SRF system would require stopping the feed stream and completion of the rinse,
elution and regeneration cycles to prepare the ion exchange columns for restart or standby ifthe shutdown
were for an extended period.

Other Considerations: The resin column should be cycled through the full operation to leave the resin in
a "clean" condition to preclude excessive radiation damage during shutdown periods. Ifthe ion exchange
columns are always rinsed, eluted and regenerated at shutdown, startnps are very straight forward.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: The startnp and shutdown ofthe IX-SRF system is relatively simple. Feed is
started and the resin columns are operated until the resin is loaded with cesium. The feed is stopped and
the columns are rinsed, eluted and regenerated to be ready for startup.

Prepared by: Paul Kison

Reviewed by: -,P~...eSc..."'S"'chlla"'u"'s'--- _
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Assessment Summary Form (IX-sRF-4.1.4)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol Formaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize system complexity - 4.1.4

Assessment Scope: The complexity ofthe system is determined by the number of components, support
systems, and controls that are required to operate the process.

Conditions: The components in the IX-SRF system are thirteen (13) pumps, eighteen (18) tanks or
vessels, two (2) resin columns, three (3) in-tank mixers in the chemical makeup area, one (1) vault
ventilation system, one (1) air handling unit and one (1) process offgas ventilation unit.
Each tank will require instrumentation to measure level, specific gravity, temperature, and differential
pressure.
Some of the tanks and transfer lines will require radiation monitors to aid in controlling the process
operations.
Each cell within the facility should be equipped with a leak detector, alarm system, and sump empty out
equipment.

Other Considerations: The availability, lead time and cost ofthe SRF resin could be a potential problem
for long term operation ofthe facility. An alternate resin or supplier should be developed to assure
successful long term operation.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Sections 7.6 and 8.1

Attachments: None

Assessment Summary: The complexity ofthe IX-SRF system is considered to be LOW, based on the
passive nature ofthe resin columns.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-4.1.5)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol Fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number of chemicals needed - 4.1.5

Assessment Scope: Determine the number and types of chemicals required for operation ofthe IX-SRF
system and components.

Conditions: Only three (3) chemicals (sodium hydroxide, nitric acid, sodium nitrite) are required for the
IX-SRF system.. The sodium hydroxide and nitric acid are used for rinsing, eluting and regeneration of
the columns. The small quantities of sodium nitrite will be used to adjust the cesium product stream to
meet DST waste storage specifications.

Other Considerations: The new or replacement resin required to replenish the columns could be
considered a chemical product.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: Only three (3) chemicals are required for use in the IX- SRF system - sodium
hydroxide, nitric acid, and sodium nitrite.

The SRF resin for column replenishment could also be considered as a chemical requirement.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'ch"a"'u"'s'--- _
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Assessment Summary Form (IX-sRF-4.1.6)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol Formaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Minimize number of process and regulatory samples - 4.1.6

Assessment Scope: Determine the number and frequency of process samples required for normal
operation and the samples that are required to meet regulatory requirements.

Conditions: The feed stream requires sampling on a daily basis to assure the sodium molarity is high
enough to preclude aluminum precipitation upon cooling. Samples ofthe cesium product should be taken
prior to pumping to assure compliance with the waste tank storage specifications.
The rinse, elution, and regenerative solutions should be sampled biweekly to assure that the aqueous
make ups are at optimal concentrations of sodium hydroxide and nitric acid.
The spent resins will require samples on a batch basis to assure the material can be disposed of at the
Hanford site without additional treatment or processing.

I Other Considerations: None

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: Feed and cesium product samples are required on a batch basis to assure process
conformance. Aqueous make ups should be sampled biweekly to show process/flow sheet conformance.
Spent resin samples will be required on a batch basis to assure compliance with on site disposal
regulations.

Prepared by: Paul Kison

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-4.1.7)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol Fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Batch verses continuous - 4.1.7

Assessment Scope: Determine the most productive and efficient method of operation for the IX-SRF
system.

Conditions: The IX-SRF system will only work as a batch operation with a batch being defined by the
amount of cesium required to load the resin column to saturation. As the resin column becomes fully
loaded with cesium, the removal rate will approach zero. The feed will be shut off, the column rinsed, the
cesium eluted, the resin regenerated and the feed restarted.

Other Considerations: The time cycles for each step in the process cannot be determined until more
laboratory testing and detailed design work has been completed. The column size may require some
excess capacity to assure the time cycles match the operating throughput requirements.
The resin loading endpoint can be monitored by measuring the radiation levels in the stream exiting the
column and comparing it with the theoretical cesium loading based on feed samples.
Ifthe cesium specific resin works well, the IX-SRF system should be very efficient at removing cesium to
support the LAW program.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: The IX-SRF system can only be operated on a batch basis where a batch is
defined by the amount of Cs required to load the resin column to saturation.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-."'S"'ch"'a"'u"'s'- _
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Assessment Summary Form (IX-sRF-4.1.8)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol Fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Ease of entry and exit from standby - 4.1.8

Assessment Scope: Evaluate impact oftemporary shutdown and requirements for restart ofthe IX-SRF
system operation

Conditions: The temporary shutdown ofthe IX-SRF operation is accomplished by stopping the feed
flow. Depending upon the duration ofthe shutdown and the ion exchange column status, the restart
requirement may be as easy as restarting the feed pump.

Other Considerations: Ifthe temporary shutdown is for a short duration, the IX-SRF column can remain
in a standby mode. However, it the shutdown will last several days, the column should be rinsed, eluted
and regenerated to prevent excessive chemical or radiation induced breakdown ofthe resin.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: The temporary shutdown and restart of the IX-SRF system is easily
accomplished by stopping and starting the feed pump with no impact to the ion exchange column
operation.

If a shutdown will last for several days, the column should be rinsed, eluted and regenerated, if possible,
to reduce chemical and radiation degradation ofthe resin.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'ch"a"'u"'s'--- _
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Assessment Summary Form (IX-sRF-4.1.9)

Technology:
Criteria:
Measure:
Definition:

Sperical Resorcinol Fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofProcess control and operation - 4.1
Wide operating margin - 4.1.9

Assessment Scope: Evaluate the range of process parameters for the IX-SRF system.

Conditions: The IX-SRF operation requires the waste feed stream be diluted to 6 M sodium to prevent
aluminum precipitation when the feed stream is cooled to 25 C. The feed rate, sodium molarity, and
temperature can be varied +1- 5% without upsetting the overall process. There will some loss of
efficiency and resin degradation with elevated feed temperatures.
Flow sheet values for rinse, elution and regeneration volumes may be exceeded without adverse results.
The chemical composition ofthe solutions is more critical than the throughput volume.
The recovery from a process upset may include a rinse, elution and regeneration cycle and subsequent
restart ofthe process or could require replacement ofthe resin in the column(s) for extreme conditions,
such, pluggage or severe degradation ofthe resin.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: The IX-SRF waste feed stream can be varied +1- 5% for rate, sodium molarity
and temperature. The volumes of rinse, elutant and regeneration solutions are not as critical as chemical
composition for efficient operation. The recovery from upset conditions is relatively easy.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-."'S"'ch"'a"'u"'s'- _
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Assessment Summary Form (IX-sRF-4.1.10)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol Formaldahyde (SRF) Ion Exchange
Operability and Maintainability
Ease ofProcess control and operation
Complexity oftransfers to, from and within Tank Farms

Assessment Scope: IdentifY any special equipment or processes required for the transfer oftank wastes to
and from the IX-SRF system.

Conditions: There are no special processes required for the transfer of tank waste. If a hose-in-hose
transfer line (HIHTL) is used, it could be considered a special equipment item. However, HIHTLs have
been in use for the past eight years at the Hanford site and should be considered a standard equipment
item. The SRF transfers are standard tank-to-tank and tank-to-equipment, which are routine transfers for
Tank Farm Operations.

I o~uC.,""","".=
None

References: RPP-RPT-30160, Rev 0, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, CH2MHILL Hanford
Group Inc., 2006.

Attachments: None

Assessment Summary: All transfers for the IX-SRF system are considered to be standard tank farm
transfers and require no special equipment or processes to accomplish the transfers.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-.-"S"'chlla"'u"'s'- _
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Assessment Summary Form (IX-sRF-4.2.1)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol Formaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
ALARA-4.2
Less required contact maintenance is better, etc. - 4.2.1

Assessment Scope: Evaluate the number of system components containing radioactive waste or
hazardous chemicals that require hands-on maintainence.

Conditions: The waste feed pump (1), the ion exchange columns (2), process pumps (4), aqueous
makeup pumps (6) and fresh resin pumps (2) are the primary equipment items that will contain
radioactive waste and hazardous materials. The bulk water pump (1) should not present any hazardous
material risks. The process will also include an undetermined number of flow meters and flow control
valves. These equipment items will require hands-on maintenance unless the building is equipped with an
overhead crane and remote connectors for the equipment items similar to the canyon facilities, i.e.,
PUREX, etc.
The aqueous makeup area will utilize sodium hydroxide, nitric acid, and sodium nitrite which are
considered hazardous materials. The fresh resin addition system will contain an organic based material
that may be considered as hazardous.
The SRF system is located in a separate building and will require a ventilation system, air handling unit,
and a process ventilation system which can potentially contain tank waste constituents.
The majority ofthe instrument lines, leak detectors, flow meters, and radiation detectors are potentially
contaminated by tank waste constituents but do not represent a significant hazard for routine calibrations
and ooerabilitv checks. Their reolacement would exoose oersonnel to radiological and chemical hazards.

Other Considerations: The pumps and ion exchange columns can be chemically cleaned to remove the
majority ofthe radiological hazards but there will still be a risk of exposure to radiological and chemical
contamination during maintenance activities. The spent resin disposal equipment will be potentially
contaminated with radioactive and chemical constituents and may represent a hazard to personnel during
hands-on disposal operations.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Sections 6.1 and 8.1
Attachments: None

Assessment Summary: There are a total offive (5) process pumps and ion exchange columns (2) in the
IX-SRF process facility that will require hands-on or contact maintenance for all repair and replacement
activities unless the building is equipped with an overhead crane and there are remote connectors on the
equipment.
The instrumentation, control systems, and building ventilation system will involve work within the tank
farms, but the exposure to radiological and chemical hazards can be minimized. Their replacement would
require hands-on or contact maintenance, but should be on an infrequent basis.
The spent resin disposal equipment will be potentially contaminated with radioactivitv.

Prepared by: Paul Kison

Reviewed by: ---"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-4.3.1)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol Fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Reliability - 4.3
Number of active components - 4.3.1

Assessment Scope: Determine the number of active components and estimated frequency offailure.

Conditions: The active components ofthe IX-SRF system are a total of fourteen (14) pumps, cooling
water chillers, and the building ventilation system. There is a waste feed pump, cesium product transfer
pump, two (2) LAW transfer pumps, seven (7) AMU pumps, a spent resin pump, and two (2) fresh resin
pumps in the IX-SRF system.

Other Considerations: The feed and product transfer pumps have a failure history of 3-5 years.
The aqueous makeup pumps failure history is 6-8 years, since they are not used in continuous service.
The cooling water chillers, building ventilation exhaust fan, and air handling units may experience a
failure rate of once per 5-6 years of continuous service.
The soent resin and fresh resin oumos should have a failure historv similar to the aqueous makeuo oumos.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Sections 7.6 and 8.1

Attachments: None

Assessment Summary:
There are fourteen (14) pumps in the IX-SRF system. The four (4) pumps used for feed and product
transfers have a failure history of once per 3-5 years. The pumps (10 each) used for chemical and resin
transfer have a once per 6-8 years failure history. The cooling water chillers, building ventilation exhaust
fan, and air handling units may experience a failure once per 5-6 years of continuous service.

Prepared by: Paul Kison

Reviewed by: --"P~...cS,,-.-"S"'ch"a"'u"'s'--- _
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Assessment Summary Form (IX-sRF-4.3.2)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinal-Formaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Reliability - 4.3
Reliability of analogous systems - 4.3.2

Assessment Scope: Compare the IX-SRF with comparable systems previously used at the Hanford site.

Conditions: There is extensive Hanford facility experience with ion exchange columns for the processing
and recovery of radioactive materials, e.g., plutonium at the Plutonium Finishing Plant and PUREX,
cesium and strontium at B-Plant. The N cell and Q cell areas of PUREX operated for approximately 10
years, providing the final decontamination ofplutonium and neptunium, respectively. N cell was a
continuous operation and Q cell was a batch operation.

The IX-SRF system will operate on a batch basis where the batch is defined by the amount of Cs required
to load the IX column. It uses a cesium-specific resin (spherical Resorcinol-Formaldehyde) under caustic
feed conditions. There has been successful test work performed for the IX-SRF system.

Other Considerations: Although the flow sheet for the IX-SRF process differs from other Hanford
applications, the use of a cesium-specific anion resin and successful testing combined with simplicity of
the ion exchange process provides a very strong indicator that the process will be efficient is the removal
of cesium from Tank Farm wastes.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.2

Attachments: None

Assessment Summary: Based on the successful Hanford operating experience with ion exchange
systems, the reliability ofthe IX-SRF system should be comparable.

The use ofthe cesium-specific anion resin will also provide increased reliability and operating efficiency
for the IX-SRF system.

Prepared by: Paul Kison

Reviewed by: --"P~.-"S,,-."'S"'ch..a"'u"'s'- _
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Assessment Summary Form (IX-sRF-4.4.1)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize number of support systems - 4.4.1

AssessmentScope: Count of support systems required by the technology.

Conditions: Review ofthe simplified process flow diagram shows this technology requires:
• 3 standard services; air (assumed for instruments and valves), water, cooling water

• 5 chemical services; 50 wt% NaOH, 0.1 M NaOH, 0.45 M RNO" 0.5 M NaOH, 20 wt% NaN02

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: This technology requires a substantial number of support systems.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-4.4.2)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize number and frequency ofPM's - 4.4.2

Assessment Scope: Evaluation of number of components for the technology system that will require PM.
Common systems such as Cs product tanks, LAW product tanks, solids filter, etc, are not in the scope of
this assessment.

Conditions: The IX-SRF technology system will have approximately:

• 1 active component (pump)

• 4 passive components (HX, resin columns)

• 1 tanks/vessels

• Instrumentation

• Piping components (valves, etc)

With the small amount of active components, especially rotating machinery, it is anticipated that for this
technology system, most PM activities will involve the monitoring of process condition trends to identifY
potential maintenance required (dP, Cs levels, temps, press, etc), with periodic need for visual
inspections, lubrication, etc. The small number of process components requires simple piping and control
system support, which means fewer components requiring PM.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Sections 7.6 and 8.1

Attachments: None

Assessment Summary: The level of PM required for this technology system is estimated to be minimal
due to the passive operation of a majority ofthe technology, and low number of process components
required.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-4.4.3)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize maintenance in zone entries - 4.4.3

Assessment Scope: Evaluate technology for equipment in hazardous zones which requires hands-on
maintenance.

Conditions: The IX-SRF technology has a low number of active components and a minimal number of
components overall, which will require a modest piping network and control system. Assuming all
components requiring maintenance will be located in-zone, this technology system will need a moderate
number of in-zone entries to carry out maintenance activities.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 8.1

Attachments: None

Assessment Summary: The IX-SRF technology system will have a moderate amount of equipment
requiring maintenance in-zone.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-4.4.4)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize specialized equipment and parts - 4.4.4

Assessment Scope: Evaluate technology system for custom-designed, one-of-a-kind components versus
established, commercially available designs.

Conditions: SRF-IX resin technology is used commercially in other industries, and the system is made up
of common components (pumps, tanks, etc). Therefore, the SRF-IX system is considered not to require
specialized equipment or parts.

Other Considerations: Depending on if any of the components are to be designed for remote
handling/maintenance, the use ofjumpers and remote connectors would be required. However, since the
use ofthis technology is well established at Hanford, it would not be considered as specialized for this
application.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: This technology system uses commercially available components.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-4.4.5)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease and frequency of maintenance - 4.4
Minimize tank entries - 4.4.5

Assessment Scope: Evaluate technology for placement on/in tanks.

Conditions: All components for this technology system will be located in the IPS facility; no placement
on or in the DSTs is required.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 8.1

Attachments: None

Assessment Summary: No tank entries are required for this technology.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-4.5.1)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Ease oftraining - 4.5.1

Assessment Scope: Evaluate technology system for complexity of operation and maintenance which
would require extensive training.

Conditions: The IX-SRF system uses processes and equipment which should be familiar to O&M
personnel. Therefore, ease oftraining for O&M becomes a function ofthe size and intricacy of the
system, e.g., number of components, relative complexity of C&I and piping systems, etc.
For the IX-SRF technology system, training is estimated to be nominal due to the low number of
components and processes, and the smaller control and piping systems required.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Description", Section 6.1

Attachments: None

Assessment Summary: Training is estimated to be nominal for this technology system.

Prepared by: Anthony Cutrona

Reviewed by: --"P~.-"S,,-.-"S"'ch"'a"'u"'s'- _
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Assessment Summary Form (IX-sRF-4.5.2)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Complexity of procedures - 4.5.2

Assessment Scope: Evaluate technology for complexity of design or operation that would require
extensive procedures.

Conditions: Assuming standard procedures are used for functions common to any nuclear facility (e.g.,
hazardous material handling, in-zone entry, safety, etc), then the measure ofthis definition is focused on
the specific system components which make up the technology. Therefore, complexity of O&M
procedure is a function of the size and intricacy of the system; number of components, relative
complexity of C&I and piping systems, number ofprocesses, etc.

For the IX-SRF system, there are a small number of components and process steps, which should not be
unfamiliar to O&M personnel. Therefore, complexity of procedure involves start up and shut down,
responding to upset conditions, maintenance routines, etc. Procedure complexity is estimated to be
nominal for this technology.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: Procedure complexity is estimated to be nominal for this technology due to the
low number ofprocesses and components.

Prepared by: Anthony Cutrona

Reviewed by: ---"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-4.5.3)

Technology:
Criteria:
Measure:
Definition:

Spherical resourcinol-formaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Ease ofImplementation - 4.5
Similar to other process facilities on site - 4.5.3

Assessment Scope: Evaluate technology to determine if currently/previously used at Hanford.

Conditions: Resin ion exchange was used for Cs and Sr separations at Hanford's B-Plant starting in the
late 1960's, with a number of different resins used over the next 20 years. Currently, IX-SRF is the
selected technology for the WTP pretreatment facility (PTF).

References: RPP-RPT-30160 Rev. 0, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, CH2MHILL Hanford
Group Inc., 2006.

Attachments: None

Assessment Summary: Resin IX has been used extensively at Hanford and is the selected technology for
the WTPPTF.

Prepared by: Anthony Cutrona

Reviewed by: ---"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (IX-sRF-4.6.1)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Liquid/solid secondary waste - 4.6
Waste handling compatible with existing systems (DOE Order 420.1B) - 4.6.1

Assessment Scope: Evaluate the technology design and operating characteristics for required SSCs that
would fall outside the scope of DOE 420.1B.

Conditions: Order 420.1B is the general aspects of safety to be included in DOE facilities, and covers
Nuclear and Explosion safety design, Fire Protection, Criticality Safety, NPH Mitigation, and the System
Engineer Program. Review ofthe order finds no feature ofthe technology which would not fall under the
requirements.

References: DOE Order 420.1B

Attachments: None

Assessment Summary: The IX-SRF technology is compatible with DOE Order 420.1B.

Prepared by: Anthony Cutrona

Reviewed by: -"P~.-"S,,-.-"S"'ch"a"'u"'s'---- _

510

Date: 5/14/08

Date: 6/1/08



RPP-RPT-3774l, Rev 0

Assessment Summary Form (IX-sRF-4.6.2)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Operability and Maintainability - 4.0
Liquid/solid secondary waste - 4.6
Minimize operational impacts associated with hazardous waste handling - 4.6.2

Assessment Scope: Evaluate technology for impacts on process operations during secondary waste
handling.

Conditions: The secondary waste streams generated by IX-SRF are the Cs-loaded product (returned to
DST) and spent resin (disposed on Hanford site). The system is designed for semi-continuous operation,
with periodic shut down of process operations for change out of spent resin (per noted reference,
estimated frequency of change out is every 30 days).

Other Considerations: Filtering operations oftank waste can continue during resin change out, allowing
lag storage of clarified feed to the IX-SRF columns.

References: RPP-RPT-30160 Rev. 0, Supporting Informationfor the Evaluation ofWaste Treatment and
Immobilization Plant (WTP) Low Activity Waste (LA W) Startup First Scenarios, CH2MHILL Hanford
Group Inc., 2006.

Attachments: None

Assessment Summary: Estimate shut down of process operations every 30 days for change out of spent
resin (packaging, shipping, and disposal).

Prepared by: Anthony Cutrona

Reviewed by: ---"P~.-"S,,-.-"S"'ch"'a"'u"'s'---- _
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Assessment Summary Form (5.1.1)

Technology: Paired IX-sRF/CFF, IX-sRF/RMF, FC/CFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Capital costs - 5.1.1

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. The construction costs are based on
take-offs from the equipment lists, layouts, and data developed in RPP-RPT-3775l, Project W
551 Interim Pretreatment System Pre-conceptual Candidate Technology Descriptions.

The estimates are for comparison of options and are not complete project costs. Costs for items
such as control trailer, transformer, switchgear, motor control center, power transmission lines,
water supply lines, and sanitary waste removal have not been included as they have been
assumed to be similar costs for each option.

Capital costs associated with deactivation, decontamination, and demolition at the end of a 5
year operating period are included.

Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design @ 10%
• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor is applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
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be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRF/CFF @ 27 months
• FC/RMF @ 32 months
• FC/CFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro-filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
In order to meet its throughput demands, RMF paired with FC requires 3 times as many RMF
units as when paired with IX-sRF and CSSX. Engineering cost for the FC/RMF option
calculated as a percentage of the total construction costs, including the additional RMF units,
was considered disproportionately inflated. Consequently, the engineering cost for the FC/RMF
option is calculated assuming the reduced number of RMF units as when paired with IX-sRF and
CSSX.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates,"
6/18/08

Assessment Summary: The combination of Cross-Flow Filtration for entrained solids removal
and Ion Exchange using spherical Resorcinol-Formaldehyde resin provides the lowest capital
costs, while the capital costs for the other combinations range as much as 50% higher (CSSX
paired with RMF).
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Project W-551 IPS Options
Class 4 Capital Cost Estimate Summary

IX-sRFI 54 120
CFF

IX-sRFI 59 130
RMF

C>
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~ CFF

'"D..
<: FCI 75 160
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Expected Accuracy Range -30% to +50% ($M)

Prepared by: w. E. Bryan Date: 6118108

Reviewed by: -"Pe,.",S",.S"'c"'ha"'u"'s'--- _ Date: 6/22/08
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Assessment Summary Form (5.1.2)

Technology: Paired IX-sRF/CFF, IX-sRF/RMF, FC/CFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Life cycle costs - 5.1.2

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The life cycle costs include capital costs, operation and maintenance costs over a 5-year period,
and D&D costs. The estimates are based on take-offs from the equipment lists, layouts, and data
developed in RPP-RPT-3775l, Project W-551 Interim Pretreatment System Pre-conceptual
Candidate Technology Descriptions.

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. Capital costs associated with
deactivation, decontamination, and demolition at the end of a 5-year operating period are
included.

The operation and maintenance costs include specific work crews based on 24-7 operation over a
5-year period, the major chemicals and utility usage, planned equipment replacements, and any
incremental costs associated with a given technology required to satisfy the 5-year LAW
delivery mission.

The D&D costs include the site clean up costs.

The estimates are for comparison of options and are not complete project costs. Capital costs for
items such as control trailer, transformer, switchgear, motor control center, power transmission
lines, water supply lines, and sanitary waste removal have not been included, as they have been
assumed to be similar costs for each option. Costs for the development of procedures have not
been included, as they have been assumed to be similar costs for each option.

Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design (iiJ 10%
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• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor was applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRF/CFF @ 27 months
• FC/RMF @ 32 months
• FC/CFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
RMF paired with FC requires 3 times as many RMF units as when paired with IX-sRF and
CSSX. Engineering cost for the FC/RMF option calculated as a percentage of the total
construction costs, including the additional RMF units, was considered disproportionately
inflated. Consequently, the engineering cost for the FC/RMF option is calculated assuming the
reduced number ofRMF units as when paired with IX-sRF and CSSX.
The maximum capacity of the fuel oil heated steam supply system estimated for the two options
incorporating the fractional crystallization technology is driven by the high throughput
requirement of one of the original eight DST Tank waste streams. It is acknowledged that the
boiler will not operate and consume fuel at this maximum capacity during the total operating
time. Consequently, average annual fuel consumption has been incorporated into the estimate.
It is noted in RPP-RPT-37751 that the assumed design life of the rotary micro-filters is three
vears. Consequentlv, an out-year operating cost for replacement of the RMF units has been
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included in the fourth operating year in the estimates of the three options incorporating the rotary
microfiltration technology.

Costs for the following incremental Tank Farms waste transfers and SST retrievals are
incorporated into the operation estimates for the FC options, as additional Tank Farms waste
must be processed to satisfy the IPS requirement of delivering 1,175 MT Nalyr to WTP over 5
years.
• Sixteen (16) tank-to-tank transfers
• Two (2) SST retrievals
• Three (3) cross-site transfers

Estimates for the incremental transfers and retrievals associated with the FC options are derived
from the existing Tank Farms baseline. The "Interim Pretreatment Systems Options, 5 Year Life
Cycle Cost Estimates," 6/18/08, calculates add-on costs (e.g., escalation, productivity
adjustment, sales tax, contingency, etc.) against these activities. However, these add-on costs
associated with the incremental SST retrievals have been removed from the cost values depicted
in the life cycle summary charts and spreadsheet report.

Incremental operation of the 242-A Evaporator is required for the CSSX options. The "Interim
Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates," 6/18/08, does not include this
activity. Estimates for the incremental evaporator operation are derived from the existing Tank
Farms baseline and incorporated into the cost values depicted in the life cycle summary charts
and spreadsheet report. Add-on costs (e.g., escalation, productivity adjustment, sales tax,
contingency, etc.) are not applied to the incremental evaporator operation.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, Life Cycle Cost Estimates for 5-Year
Mission," 6/18/08

Assessment Summary: The combination of Cross-Flow Filtration for entrained solids removal
and Ion Exchange using spherical Resorcinol-Formaldehyde resin for Cs separation provides the
lowest life cycle costs for the IPS 5-year mission. Life-cycle costs for the five other
combinations of technologies for solids removal and Cs separation range upward to more than
50% higher (e.g., for CSSX/RMF when cost of further waste volume reduction using the 242-A
Evaporator is included and for the FC options when the incremental costs of waste transfers and
SST retrievals are included).
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Project W-551 IPS Options
Class 4 Life Cycle Cost Estimate Summary
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Prepared by: w. E. Bryan Date: 6118/08

Reviewed by: -,Pc.."S,,-."S"'cha""'u"-s _ Date: 6/22/08

518



RPP-RPT-3774l, Rev 0

Assessment Summary Form (5.1.3)

Technology: Paired IX-sRF/CFF, IX-sRF/RMF, FC/CFF, & FC/RMF, CSSX/CFF, CSSX/RMF
Criteria: Programmatic Aspects - 5.0
M eaSllre: Cost Impact - 5.1
Definition: Cost profile - 5.1.3

Assessment Scope: Tank Farms waste undergoes both solids filtration and cesium separation
prior to acceptance at the WTP LAW facility. There is always a pairing of a solids filtration
with a cesium separation process. The required throughput of the cesium separation technology
drives the capacity of the solids filtration technology and hence the overall capital costs.
Consequently, six separate cost estimates have been developed for the six possible pairings
between the two solids filtration technologies of cross flow filtration (CFF) and rotary
microfiltration (RMF) with the three cesium separation technologies of ion exchange using
spherical resorcinol-formaldehyde resin (IX-sRF), fractional crystallization (FC), and caustic
side solvent extraction (CSSX).

The cost profiles present project year expenditures of the life cycle costs. The life cycle costs
include capital costs, operation and maintenance costs over a 5-year period, and D&D costs.
The estimates are based on take-offs from the equipment lists, layouts, and data developed in
RPP-RPT-37751, Project W-551 Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions.

The capital costs include engineering design, project management, construction management,
construction, procurement, and start-up and testing costs. Project year loading of the capital
expenditures follows the durations identified in the "Conditions" section. Capital costs
associated with deactivation, decontamination, and demolition at the end of a 5-year operating
period are included.

The operation and maintenance costs include specific work crews based on 24-7 operation over a
5-year period, the major chemicals and utility usage, planned equipment replacements, and any
incremental costs associated with a given technology required to satisfy the 5-year LAW
delivery mission. Project year loading of the operation and maintenance costs follows the
durations identified in the "Conditions" section.

The D&D costs include the site clean-up costs.

The estimates are for comparison of options and are not complete project costs. Capital costs for
items such as control trailer, transformer, switchgear, motor control center, power transmission
lines, water supply lines, and sanitary waste removal have not been included, as they have been
assumed to be similar costs for each option. Costs for the development of procedures have not
been included, as they have been assumed to be similar costs for each option.
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Conditions: This is a Class 4 estimate per the Association for the Advancement of Cost
Engineering (AACE) International definitions. A Class 4 estimate has an expected accuracy
range from a minus 30% to a plus 50%.
Engineering costs are based on a percentage of the construction costs as follows:
• Conceptual Design @ 10%
• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for project management, construction management, procurement, start-up and testing, etc.,
are man loaded by year.

A 30% risk/contingency factor was applied to the project costs.

Overall design duration (conceptual, preliminary, and final) is set at 44 months and assumed to
be adequate for all activities and therefore not a discriminator.

Construction durations for each option are based on total craft hours and an assumed crew size as
follows:
• IX-sRF/RMF @ 26 months
• IX-sRF/CFF @ 27 months
• FC/RMF @ 32 months
• FC/CFF @ 32 months
• CSSX/RMF@ 39 months
• CSSX/CFF @ 40 months

Start-up and testing durations are assumed as follows:
• IX-sRF options @ 14 months
• FC options @ 17 months
• CSSX options @ 21 months

The estimates are prepared in 2008 dollars. The project costs are escalated for out-year work by
2.4% per year.

There has been no attempt at level loading the expenditures in the estimates.

Other Considerations: It is noted in RPP-RPT-37751 that the SpinTek rotary micro-filter would
need to be re-designed to fit within a 42-inch diameter riser on a Hanford DST and the pump
suction legs would need to be extended. However, no increased design effort has been included
in the estimates of the three options incorporating the rotary microfiltration technology.
RMF paired with FC requires 3 times as many RMF units as when paired with IX-sRF and
CSSX. Engineering costs for the FC/RMF option calculated as a percentage of the total
construction costs, including the additional RMF units, were considered disproportionately
inflated. Consequently, the engineering costs for the FC/RMF option are calculated assuming
the reduced number ofRMF units as when paired with IX-sRF and CSSX.
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The maximum capacity of the fuel oil heated steam supply system estimated for the two options
incorporating the fractional crystallization technology is driven by the high throughput
requirement of one of the original eight DST Tank waste streams. It is acknowledged that the
boiler will not operate and consume fuel at this maximum capacity during the total operating
time. Consequently, average annual fuel consumption has been incorporated into the estimate.
It is noted in RPP-RPT-37751 that the assumed design life of the rotary micro-filters is three
years. Consequently, an out-year operating cost for replacement of the units has been included
in the fourth operating year in the estimates of the three options incorporating the rotary
microfiltration technology.

Costs for the following incremental Tank Farms waste transfers and SST retrievals for the FC
options are incorporated into the operation and maintenance estimates, as additional Tank Farms
waste must be processed to satisfY the 5-year LAW delivery mission.
• Sixteen (16) tank-to-tank transfers
• Two (2) SST retrievals
• Three (3) cross-site transfers

Estimates for the incremental transfers and retrievals associated with the FC options are derived
from the existing Tank Farms baseline. The "Interim Pretreatment Systems Options, 5 Year Life
Cycle Cost Estimates," 6/18/08, calculates add-on costs (e.g., escalation, productivity
adjustment, sales tax, contingency, etc.) against these activities. The add-on costs associated
with the incremental SST retrievals is removed from the cost values depicted in the cost profile
summary charts and spreadsheet report.

Incremental operation of the 242-A Evaporator is required for the CSSX options. The "Interim
Pretreatment Systems Options, 5 Year Life Cycle Cost Estimates," 6/18/08, does not include this
activity. Estimates for the incremental evaporator operation are derived from the existing Tank
Farms baseline and incorporated into the cost values depicted in the cost profile summary charts
and spreadsheet report. Add-on costs (e.g., escalation, productivity adjustment, sales tax,
contingency, etc.) are not applied to the incremental evaporator operation.

References: RPP-RPT-37751, Rev. 0, Interim Pretreatment System Pre-conceptual Candidate
Technology Descriptions

Attachments: "Interim Pretreatment Systems Options, Cost Profiles for the 5-Year IPS
Mission," 6/18/08

Assessment Summary: See graphs below
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Project W-551 Base Life Cycle Cost Profile
Ion Exchange using spherical Resorcinol-Formaldehyde resin &

Crossflow Filtration
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
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Project W-551 Base Life Cycle Cost Profile
Fractional Crystallization & Crossflow Filtration

(includes incremental transfers & SST retrievals)
(no mark-ups applied to SST retrievals)
(no expected accuracy range applied)
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Project W-551 Base Life Cycle Cost Profile
Fractional Crystallization & Rotary Microfiltration

(includes incremental transfers & SST retrievals)
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Project W-551 Base Life Cycle Cost Profile
Caustic-Side Solvent Extraction & Crossflow Filtration

(includes incremental 242-A Evaporator runs)
(no mark-ups applied to evaporator runs)

(no expected accuracy range applied)
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Prepared by: w. E. Bryan

Reviewed by ..!P~.-,S"-.-,S",c"ha,,-u,,,s,- _
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Assessment Summary Form (IX-sRF-5.2.1)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-formaldahyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Overall schedule (confidence) - 5.2.1

Assessment Scope: This assessment evaluates the impact ofthe Ion Exchange process using Spherical
Resorcinol-Formaldahyde resin (IX-SRF) technology on the overall implementation schedule duration for
IPS, including its level of confidence.

Conditions: An estimate of overall IPS schedule duration is comprised of 6 major activity elements
(design -3 phases, testing, permitting, safety and licensing, construction, and startup); 4 Critical Decision
milestones; and the expected Record of Decision milestone for the Tank Closure and Waste Management
Environmental Impact Statement. Because the estimates for the two candidate filtration technologies
were deemed sufficiently similar, it was decided to treat this IPS process as a generic filtration system,
rather than separately. This reduced the number of overall schedule assessments from 6 (one for each pair
ofCs separation and solids filtration technologies) to 3 (one for each Cs separation technology + generic
filtration).
Based on the estimated durations for each ofthe 6 major activities, an initial overall schedule for
implementing IX-SRF + filtration was drafted. This schedule was then modified to include both
optimistic «25% probability of on-time completion) and pessimistic (>75% probability of on-time
completion) durations so that a simplified Monte Carlo simulation could be performed. The resulting S
curve showed a total duration of ~90 months (at 50% probability), to complete IPS implementation using
IX-SRF technology.

Other Considerations: The schedule estimate inputs were provided by Subject Matter Experts in their
respective areas of expertise. Well-recognized and industry-accepted tools, e.g. P3 schedule, Monte Carlo
simulation, were used to develop the implementation schedule for IX-SRF and establish a reasonable
level of confidence in its resulting duration.

References: None

Attachments: Table 1 - Durations of Major IPS Activities (months); P3 Schedule - IPS Risk using IX
SRF

Assessment Summary: The estimated schedule duration to implement IPS using the IX-SRF technology
is approximately 90 months at 50% probability of on-time completion. Based on the expertise and tools
use, there is a reasonable level of confidence in this estimate.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'-'--"in"--- _
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Durations of Major IPS Activities (months)

Differences m schedule duratIOn mputs for the two filtratIOn technologies were mmor; therefore, genenc
filtration is included with each ofthe three Cs separations technologies
, Most probable ~ 50/50 of on time completion; optimistic < 25% probability of on time completion;
pessimistic> 75% probability of on time completion
3 (xx/yy/zz) are the estimated months to complete conceptual, preliminary, and detailed designs,
respectively
4 Optimistic/pessimistic durations were taken from TPA-approved permitting schedule of activities
, Completion of Safety & Licensing activities is tied to and driven by information coming out ofthe 3
design phases

Design. Testing. RCRA Safety & Construction Startup
Permitting4 Licensing

CSSX+ 46 (12/16/18)3 38 32 Same 37 21
filtration' - durations as
most probable' design'
CSSX+ 46 (12/16/18) 32 28 Same 33 17
filtration durations as
optimistic design
CSSX+ 53 (14/18/21) 48 33 Same 48 24
filtration durations as
pessimistic design
FC + filtration 46 (12/16/18) 38 32 Same 33 17
- most probable durations as

design
FC + filtration 46 (12/16/18) 24 28 Same 31 14
optimistic durations as

design
FC + filtration 53 (14/18/21) 46 33 Same 40 20
pessimistic durations as

design
IX-SRF + 46 (12/16/18) 38 32 Same 27 14
filtration -most durations as
probable design
IX-SRF + 46 (12/16/18) 36 28 Same 25 11
filtration durations as
optimistic design
IX-SRF + 53 (14/18/21) 48 33 Same 34 17
filtration durations as
pessimistic design,
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Assessment Summary Form (IX-sRF-5.2.2)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Formaldehyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Licensing - 5.2.2

Assessment Scope: This assessment evaluates the schedule impact ofthe ion exchange process using
spherical resorcinol-formaldehyde resins (IX-SRF) on completion ofthe IPS safety analysis.

Conditions: The primary focus ofthe safety analysis for the IX-SRF process will be the ion exchange
columns, since the Cs will become concentrated on these columns, thereby creating higher radiological
doses for the waste stream that is returned to the tank farms. However, the characteristics of Cs are well
known and understood and its other properties are quite similar to other tank farm wastes, so that analyses
ofthe associated hazards should be straightforward and not negatively impact to the completion ofIPS
design and start of construction.

Other Considerations: The WTP Project is using this same IX resin in its design of the WTP
Pretreatment facility, and has compiled considerable performance data on it. These data will be important
to the IPS safety analysis activity.

References: RPT-RPP-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: Because there is considerable experience with the primary source term (Cs) and
the WTP Project is designing their Pretreatment facility to use the same IX resin, the schedule for
completing the IPS safety analysis should not be impacted by the IX-SRF process.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.2E"'rv'-'-"in"-- _
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Assessment Summary Form (IX-sRF-5.2.3)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Formaldehyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Schedule Impact - 5.2
Permitting - 5.2.3

Assessment Scope: This assessment evaluates the schedule impact ofthe ion exchange process using
spherical resorcinol-formaldehyde resins (IX-SRF) on completion ofthe environmental permitting.

Conditions: The key events in assessing whether there will be a schedule impact from IX-SRF is the
completion ofthe Tank Closure and Waste Management (TC&WM) Environmental Impact Statement
(expected 12/2009) and issuance of its Record of Decision (expected 1/2010). Based on the ROD, an
evaluation ofthe IX-SRF technology will need to be performed to determine whether it is adequately
covered or additional NEPA coverage is required (e.g., Environmental Assessment).

Once the NEPA process is completed, the draft RCRA permit can be issued for public review and
comment by the regulatory agency. In accordance with the Tri-Party Agreement, the overall schedule for
the permitting process is 28 - 33 months. The RCRA Part B permit must be approved before IPS
construction can start.

Because IX-SRF generates waste streams that are permitted for treatment (ILAW) or storage (DSTs), it is
unlikelv this technology will cause anv significant delavs in the RCRA Part B permitting process

Other Considerations: In the event that completion ofthe TC&WM-EIS is significantly delayed beyond
its expected completion date of 12/2009, an alternate NEPA option may be required, e.g., an Interim
Action Environmental Assessment.
In the past, the Washington State Department ofEcology has shown a willingness to accelerate the
permitting schedule, particularly when the resulting permit allows waste treatment and/or disposal to
proceed.

References: Tank Closure & Waste Management EIS, draft; RCRA Part B permit application; Tri-Party
Agreement

Attachments: None

Assessment Summary: In accordance with the Tri-Party Agreement, the RCRA Part B permitting
process requires 28 - 33 months to complete. Assuming that the TC&WM-EIS is issued in 12/2009 as
expected, permitting of the IX-SRF does not appear to impact IPS start of construction.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL2E"'rv!..!.lin"-- _
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Assessment Summary Form (IX-sRF-5.2.4)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Formaldehyde (SRF) Ion Exchange
Programmatic Aspects
Schedule Impact (5.2)
D&D (5.2.4)

Assessment Scope: This assessment evaluates the schedule impact ofthe Ion Exchange equipment using
spherical Resorcinol-Formaldehyde resin (IX-SRF) on completion ofthe D&D ofthe IPS facility.

Conditions: The IX-SRF equipment will be installed in the IPS facility. Appropriate considerations for
accommodating its eventual D&D will be included during IPS design. Periodic disposal of spent IX
resins, both during and at the conclusion of its mission, will also be required.

Other Considerations: The eventual removal and D&D ofthe IX-SRF equipment will be completed
sometime after the completion of the IPS mission. Disposal of spent IX resins will need to meet WAC
for solid waste burial.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.1 and 8.1

Attachments: None

Assessment Summary: Considerations for the eventual D&D ofthe CFF equipment will be
accommodated during the IPS design. It is anticipated that D&D will have negligible impact on the IPS
schedule.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rvL.!E"'rv'--"'in"--- _
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Assessment Summary Form (IX-sRF-5.3.1)

Technology: SRF Ion Exchange
Criteria: Programmatic Aspects - 5.0
Measure: DST Space - 5.3
Definition: How fast DST space is made available - 5.3.1

Assessment Scope: This assessment evaluates the rate at which double-shell tank (DST) space
will be made available as a result of the ion exchange process using the spherical resorcinol
formaldehyde resin (IX-sRF) during the 5-year IPS mission.

Conditions: The rate at which DST space becomes available has been assessed for the duration
of the 5-year IPS mission. Because the waste feed must first be diluted to 6M sodium prior to
being treated by the IX-sRF process, only the first 5 batches of waste (plus a small fraction of the
sixth batch) will be pretreated during the 5-year IPS mission. Assuming a Total Operating
Efficiency (TOE) of 70%, the average rate of DST space recovery for IX-sRF is 725K
gallons/year over the 5-vear IPS mission.

Other Considerations: Because the Cs concentrations for the Cs-loaded streams being returned
to the DSTs are below the 242-A evaporator's DSA limit of 1.5 Ci/liter, additional DST space
could be recovered by subsequent evaporator campaigns.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Rev. 0, Tables 6-11 through 6-18 (Mass Balance Summary for
Generic Filter with Ion Exchange Cesium Separation - Waste Feed Batches #1 - 8)

RPT-RPP-3774l, Attachment G, Figures 1,2,5,6, and Table 3

Attachments: None

Assessment Summary: On an annualized basis and assuming a 70%, DST space is recovered at
an average rate of 725K gallons/year over the 5-year IPS mission.

Prepared by: P. S. Schaus

Reviewed by: ..>G"'.c-'D"'-"unf""'o"r"'d _
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Assessment Summary Form (IX-sRF-5.3.2)

Technology: SRF Ion Exchange
Criteria: Programmatic Aspects - 5.0
Measure: DST Space - 5.3
Definition: Amount ofDST space - 5.3.2

Assessment Scope: This assessment evaluates the net impact of the Ion Exchange process using
spherical resorcinol-formaldehyde resins (IX-sRF) for Cs separation on double-shell tank (DST)
volume during the 5-year IPS mission.

Conditions: The net volume of DST space that is recovered as a result of using the IX-sRF
process has been assessed for the duration of the 5-year IPS mission. Because the waste feed
must first be diluted to 6M Na prior to being pretreated by the IX-sRF process, only five (plus a
small fraction of a sixth) waste batches can be processed during the 5-year IPS mission. Based
on information provided in the IX-sRF process flow sheets, the total volume of DST space that is
recovered by the IX-sRF process is 3.73M gallons.

Other Considerations: Because the Cs concentrations for the Cs-loaded streams being returned
to the DSTs are below the 242-A evaporator's DSA limit of 1.5 Ci/liter, additional DST space
could be recovered by subsequent evaporator campaigns.
Additional advantages of recovering this DST space include: making subsequent DST space
management generally easier, providing the opportunity for a future 242-A Evaporator outage
required to perform upgrades to that facility, and providing more receiver tank options for future
SST retrieval.

References: RPT-RPP-37551, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Rev. 0, Tables 6-11 through 6-18 (Mass Balance Summary for
Generic Filter with Ion Exchange Cesium Separation - Waste Feed Batches #1 - 8)

RPT-RPP-3774l, Attachment G, Figures 1,2,5,6, and Table 3

Attachments: None

Assessment Summary: The IX-sRF process recovers approximately 3.7M gallons ofDSTspace
during the 5-year IPS mission.

Prepared by: P. S. Schaus

Reviewed by: -,G",.,-,D~un"D,-,o"r",d _
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Assessment Summary Form (IX-sRF-5.4.1)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Fonnaldahyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Production rate impact - 5.4.1

Assessment Scope: This assessment evaluates whether Ion Exchange using a Spherical Resorcinol
Fonnaldahyde (IX-SRF) resin has any impact on the production rates ofWTP and/or Supplemental
Treatment.

Conditions: Assuming 70% TOE, IX-SRF provides a total of9,150 MT Na in 68,200 hours (7.8 years)
of operation to WTP and Supplemental Treatment.

Other Considerations: Approximately 1/3 ofthe Na sent to WTP is added as cold chemical makeup as
part ofthe IX-SRF process. If a Supplemental Treatment facility is not constructed, the rate of feed to
WTP may exceed its ILAW capability.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.1
RPP-RPT-37644, "Interim Pretreatment System Mission Scoping Report", Rev. 0 (draft)

Attachments: None

Assessment Summary: IX-SRF provides feed to WTP and/or to Supplemental Treatment at a rate of
0.192 MT Nalhr, or 1175 MT Nalyr (as required by RPP-RPT-37644). This is sufficient to provide feed
for 2 ILAW mellers in WTP and one Supplemental Treatment line.

Prepared by: P. S. Schaus
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Assessment Summary Form (IX-sRF-5.4.2)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Fonnaldahyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
Mission duration - 5.4.2

Assessment Scope: This assessment evaluates whether Ion Exchange using a Spherical Resorcinol
Fonnaldahyde (IX-SRF) resin has any impact on the WTP LAW treatment mission duration.

Conditions: The duration ofthe IPS mission is nominally 5 years. However, the IX-SRF will deliver the
8 tanks of processed waste sodium (9,150 MT) as LAW feed to WTP (2 mellers) and Supplemental
Treatment (1 line) over a period of ~7.8 years. Because IPS's IX-SRF process is the same as the baseline
pretreatment process for WTP, both require the same percentage of cold NaOH additions to their
respective process feeds.
Therefore, using the IX-SRF process in IPS has the same potential impact as using it in the WTP
Pretreatment facility, i.e., it has the potential to shorten the WTP LAW mission duration by 5 years
(nominal) and up to 8 vears (if startup of WTP) is delaved.

Other Considerations: The addition of NaOH as cold chemical makeup as part ofthe IX-SRF process
increases the amount of sodium sent to WTP and Supplemental Treatment by 43%.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Tables 6-23 through 6-37 (Mass Balance Summary for Generic Filler with Ion
Exchange Cesium Separation - Waste Feed Batches #1 - 8)

RPP-RPT-37644, "Interim Pretreatment System Mission Scoping Report", Rev. 0

Attachments: None

Assessment Summary: The IX-SRF process has the potential to shorten the WTP LAW treatment
mission duration by 5 - 8 years. Vitrification ofthe entire 6,376 MT ofNa represents ~15% ofthe WTP
LAW treatment mission duration.

Prepared by: P. S. Schaus
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Assessment Summary Form (IX-sRF-5.4.3)

Technology: Spherical Resorcinol-Fonnaldahyde (SRF) Ion Exchange
Criteria: Programmatic Aspects - 5.0
Measure: Impacts to WTP and STP - 5.4
Definition: Number of high and low level packages - 5.4.3

Assessment Scope: This assessment evaluates whether the Ion Exchange process using
Spherical Resorcinol-Fonnaldahyde resin (IX-sRF) has any impact on the number of high- and
low-level packages produced by WTP, and if so how much.

Conditions: Assuming a 70% TOE, IX-sRF provides a total of 5,875 MT Na to the WTP ILAW
facility during the 5-year IPS mission. Assuming that there are no other chemical constituents
that would limit the waste oxide loading, the sodium oxide loading for the ILAW glass will be
~20%. Therefore, each container ofILAW produced in WTP will contain approximately 0.75
MT ofNa. Assuming that all of the IX-sRF-produced feed is vitrified, ~7,800 containers of
ILAW will be produced.

Other Considerations: Approximately 1/3 of the Na sent to WTP is added as cold chemical
makeup as part of the IX-sRF process. Because WTP will be using the same Cs separation
process (i.e., IX-sRF), there is no net difference between the number of canisters produced from
IPS-pretreated waste and WTP-pretreated waste.

References: RPP-RPT-37551, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Rev. 0, Tables 6-11 through 6-18 (Mass Balance Summary for
Generic Filter with Ion Exchange Cesium Separation - Waste Feed Batches #1 - 8)

RPP-RPT-37644, "Interim Pretreatment System Mission Scoping Report", Rev. 0 (draft)

Attachments: None

Assessment Summary: Approximately 7,800 canisters of ILAW glass are produced by using
feed from the IX-sRF process. No IHLW glass is produced.

Prepared by: P. S. Schaus
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Assessment Summary Form (IX-sRF-5.4.4)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Formaldahyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Impacts to WTP and STP - 5.4
Lessons Learned benefits for WTP pretreatment - 5.4.4

Assessment Scope: This assessment evaluates whether Ion Exchange using Spherical Resorcinol
Formaldahyde resin (IX-SRF) provides any lessons learned benefits for WTP Pretreatment.

Conditions: IX-SRF has been selected as the baseline Cs separation technology for WTP Pretreatment.
The operation and maintenance ofthe ion exchange columns using the Spherical Resorcinol
Formaldahyde resin and their associated equipment in IPS will provide valuable data and experience for
the startup and operation/maintenance of similar equipment in WTP, as well as for long-term processing
capability.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: Lessons learned from operations and maintenance ofIX-SRF equipment in IPS
will benefit WTP, both in its near-term startup phase and for its long-term processing capability.

Prepared by: P. S. Schaus
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Assessment Summary Form (IX-sRF-5.4.5)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Fonnaldahyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Technology transfer to WTP -5.4.5

Assessment Scope: This assessment evaluates whether the Ion Exchange process using Spherical
Resorcinol-Formaldahyde resin (IX-SRF) will potentially provide transfer oftechnology to WTP.

Conditions: Because IX-SRF has already been selected as the baseline Cs separation technology for
WTP Pretreatment, no technology transfer to WTP will occur.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: Baseline Cs separation technology for WTP - no technology transfer

Prepared by: P. S. Schaus
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Assessment Summary Form (IX-sRF-5.4.6)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Fonnaldahyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
ALARA - 5.4.6

Assessment Scope: This assessment evaluates how much Ion Exchange using Spherical Resorcinol
Fonnaldahyde resin (IX-SRF) will impact ALARA in WTP's ILAW facility or in Supplemental
Treatment.

Conditions: The primary source of radioactivity in the supernatant liquids is Cs. For the 8 waste streams
being transferred to WTP or Supplemental Treatment for vitrification, the IX-SRF process typically
removes Cs to a level of 1.68E-05 Ci/g-mol Na. This meets the WTP specification; therefore, no
additional changes to the LAW facility's radiation protection features will be required.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.4, Table 3

Attachments: None

Assessment Summary: The IX-SRF process separates out the Cs from the supernatant being transferred
to WTP and Supplemental Treatment to a level of 1.68E-05 Ci/g-mol Na. This meets the WTP
specification; therefore, no additional changes to the LAW facility's radiation protection features will be
required.

Prepared by: P. S. Schaus
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Assessment Summary Form (IX-sRF-5.4.7)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Fonnaldahyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Diversity oftechnology - 5.4.7

Assessment Scope: This assessment evaluates whether Ion Exchange using Spherical Resorcinol
Fonnaldahyde resin (IX-SRF) provides any opportunities for diversifYing WTP's technology portfolio.

Conditions: IX-SRF has been selected as the baseline Cs separation technology for WTP Pretreatment.
Therefore, the use ofIX-SRF in IPS does not initially provide an opportunity for diversifYing WTP's
technology portfolio. However, in the event that significant problems are encountered with IX-SRF
during early IPS operations, WTP could explore alternative Cs separation technologies prior to its start
up, if deemed necessary.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: The use ofIX-SRF in IPS does not provide an opportunity for diversifYing
WTP's technology portfolio, unless significant problems with it are encountered during IPS operations.

Prepared by: P. S. Schaus
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Assessment Summary Form (IX-sRF-5.4.8)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Formaldahyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Impacts to WTP and Supplemental Treatment - 5.4
Positive programmatic impacts and opportunties - 5.4.8

Assessment Scope: This assessment evaluates whether Ion Exchange using Spherical Resorcinol
Formaldahyde resin (IX-SRF) provides any positive programmatic impacts and opportunities to WTP and
Supplemental Treatment. Programmatic considerations will focus on the potential to reduce costs,
accelerate schedules, and mitigate programmatic risks or uncertainties to the WTP and Supplemental
Treatment projects.

Conditions: Deployment ofIX-SRF technology in IPS will provide opportunities to reduce some ofthe
costs that the WTP Program would otherwise have spent on its development. For example, full-scale use
ofIX-SRF in IPS will provide performance data on this technology that WTP would otherwise obtain
through its pilot-scale testing program. Furthermore, the IPS experience will be with radioactive wastes,
rather than cold simulants, so that technical uncertainties about the IX-SRF performance are significantly
reduced.
The experience gained from the use ofIX-SRF in IPS will also reduce the uncertainty in WTP's cost
estimates for operation and maintenance ofthis system, and may even allow some acceleration in WTP's
startup schedule for its Pretreatment facility.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: none

Assessment Summary: Deployment ofIX-SRF in IPS has the potential to positively impact the WTP
Project through shared development costs, reduced cost uncertainties for operation and maintenance,
reduced uncertainty in startup schedules, and mitigated technical risk.

Prepared by: P. S. Schaus
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Assessment Summary Form (IX-sRF-5.5.1)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Formaldehyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Analytical equipment, methods, and capacity - 5.5.1

Assessment Scope: This assessment evaluates the impacts ofthe ion exchange process using spherical
resorcinol formaldehyde resins (IX-SRF) on the analytical services (equipment, methods, capacity)
available at the Hanford site, e.g., WTP's analytical laboratory, 222-S Analytical Laboratory.

Conditions: The process description for the IX-SRF process was reviewed to determine what analytical
services would be required to support this process, including characterization ofthe feed stream in the
feed tank, the resulting Cs-depleted waste stream being transferred to the ILAW facility, and the Cs
loaded stream being transferred back to the DSTs. The number and type of samples (for process control,
feed certification and compliance) are not currently defined. Therefore, no estimate ofthe impact ofthe
IX-SRF technology on the analytical equipment, methods and capacity can be made at this time.

Other Considerations: The total turnaround times typically required for sampling, sampling transport,
and analyses will also need to be evaluated in order to ensure the adequacy of the IPS lag storage
capacity.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.1
HNF-SD-WM-OCD-015, "Tank Farms Waste Transfer Compatibility Program" (for Cs-Ioaded stream
being transferred to DSTs)
"Early LAW Waste Receipt Criteria Revision" Internal WTP memo CCN155899, dated 4/4/08 (for Cs
depleted stream being transferred to WTP)

Attachments: None

Assessment Summary: The number and types of samples (for process control, feed certification and
compliance) are not currently defined. Therefore, no estimate ofthe impact ofthe IX-SRF technology on
the analytical equipment, methods and capacity can be made at this time. The amount oflag storage may
need to be adjusted to accommodate the typical turnaround times for sampling and analysis.

Prepared by: P. S. Schaus

Reviewed by: ----'C"'a"'rv.....,E"'rv'-'-'in!l.... _

542

Date: 5/25/08

Date: 5/30/08



RPP-RPT-37741, Rev 0

Assessment Summary Form (IX-sRF-5.5.2)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Formaldehyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Compliance to ETF WAC - 5.5.2

Assessment Scope: This assessment evaluates whether there are any liquid effluents generated by the ion
exchange process using spherical resorcinol formaldehyde resin (IX-SRF) that will be disposed directly to
the Effluent Treatment Facility (ETF), and if so, whether those liquid effluents meet the ETF's Waste
Acceptance Criteria (WAC).

Conditions: A review ofthe process flow diagram for IX-SRF showed that there are no process
condensates from this process requiring disposal at the ETF.

Other Considerations: In the unlikely event that the Cs-Ioaded stream was to be volume reduced at the
242-A Evaporator, liquid effluents requiring disposal at ETF would be produced. It is assumed that these
effluents would necessarily meet the ETF-WAC before they could be transferred to ETF.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 6.1

Attachments: None

Assessment Summary: Because it generates no liquid effluents, the IX-SRF process has no direct impact
on the Effluent Treatment Facility.

Prepared by: P. S. Schaus
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Assessment Summary Form (IX-sRF-5.5.3)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Formaldehyde (SRF) Ion Exchange
Programmatic Aspects
Impacts to other facilities (5.5)
ALARA (5.5.3)

Assessment Scope: This assessment evaluates whether the principle of ALARA (As Low As Reasonably
Achievable) will be impacted by the Ion Exchange process using Spherical Resorcinol-Formaldehyde
resin (IX-SRF) process with respect to support facilities such as the Effluent Treatment Facility (ETF),
the 242-A Evaporator, and the analytical laboratories.

Conditions: Because IX-SRF is being incorporated into a new facility for IPS, the ALARA principle will
be actively addressed during the facility and process design to ensure that Waste Acceptance Criteria for
supporting facilities are met, less hazardousiless toxic materials are used wherever possible, sampling and
analysis requirements at the analytical laboratories are minimized, etc.

References: RPP-RPT-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Section 8.1

Attachments: None

Assessment Summary: Because IX-SRF is being included as part ofthe new IPS facility, ALARA will
be more easily incorporated into its process design.

Prepared by: P. S. Schaus
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Assessment Summary Form (IX-sRF-5.5.4)

Technology:
Criteria:
Measure:
Definition:

Spherical Resorcinol-Fonnaldehyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Impacts to other facilities - 5.5
Number of Evaporator campaigns - 5.5.4

Assessment Scope: This assessment evaluates the impacts ofthe ion exchange process using spherical
resorcinol-fonnaldehyde resin (IX-SRF) on the 242-A Evaporator facility.

Conditions: Based on infonnation provided in the IX-SRF process flow sheets, the Cs concentration of
the Cs-Ioaded stream from the IX-SRF process is near or exceeds the current 242-A Evaporator operating
limit of 0.8 Ci/liter for all ofthe candidate tanks, so that no further waste volume can be effectively
achieved by sending these waste streams to the 242-A Evaporator. It is assumed that there will no longer
be any wastes with low Cs concentrations remaining in other DSTs that could be used as diluents with the
Cs-enriched wastes returned to the DSTs.

Other Considerations: Further waste volume reduction could be achieved at the 242-A evaporator, ifthe
DSA limit of 1.5 Ci/1iter was imposed.

References: RPT-RPP-37551, Draft A, "Interim Pretreatment System Pre-Conceptual Candidate
Technology Descriptions", Tables 6-11 through 6-18 (Mass Balance Summary for Generic Filter with Ion
Exchange Cesium Separation - Waste Feed Batches #1 - 8)

Attachments: None

AssessmentSummary: Because the Cs concentration ofCs-loaded stream generated by the IX-SRF
process is already near or exceeds the 0.8 Ci/liter operating limit for the 242-A Evaporator, no additional
evaporator campaigns are required.

Prepared by: P. S. Schaus
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Assessment Summary Form (IX-sRF-5.6.1)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Resources and materials - 5.6
Availablility of Key Skills, Critical Materials, Qualified Vendors - 5.6.1

Assessment Scope: IdentifY major required resources such as professional (engineering and
technological), construction and operation support personnel, required key components and chemical and
assess availability ofthese items for the project on a regular as well as emergency need basis. Review
and identifY vendors (multiple is better than a single source vendor). IdentifY any major lead time or
material and its availability impacts.

Conditions: A table of all major resources will be developed for each technology and appropriate
assessment will be made against various key factors such as quantity, frequency, suppliers, etc. As shown
in the table, supply ofthe SRF resin is the most critical component ofthis process. WTP project has done
significant planning work in acquiring this material. Two facilities have been identified and some product
testing has been completed. A long tenn resin supply strategy, similar to WTP, must be required to be
developed for implementation ofthis process. Availability ofN-stamp qualified fabricator vendor is
scarce and could create a difficulty.

Other Considerations: WTP has also identified this process for implementation. Therefore, IPS can use
the WTP planning work to minimize risk for implementation.

References: Engineering Judgment

Attachments: Table 1 - Resource Assessment for Cs Separations Technologies

Assessment Summary: Two potential SRF manufacturing facilities have been identified by WTP and
preliminary results showed the production meeting all test requirements. Long tenn supply maintenance
strategy must be developed. N-stamp qualified equipment fabricators will be hard to find and may

. . ..
reqUire prefUlum pncmg.

Prepared by: Kishor Shah
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Table 1 - Resource Assessment for Cs Separations Technologies

Description CSSX FC SRF
Key Skills:

Engineering Overall general concern Overall general concern Overall general concern
forces for availability of for availability of for availability of

engineering forces due to engineering forces due engineering forces due to
market conditions and to market conditions market conditions and
existing work at Hanford. and existing work at existing work at Hanford.

Hanford.
Technology Test facilities and Test facilities and Test facilities and simulant
Development simulant definition to simulant definition to definition to support
resources support technology support technology technology development.

development. Vendor development. Vendor WTP has experienced for
has limited capability for has limited capability this technology
radiation type for radiation type development and support.
development development

Construction Competing with WTP Competing with WTP Competing with WTP
Forces forces at the Hanford Site forces at the Hanford forces at the Hanford Site

Site
Laboratory Needs Will need Hanford Will need Hanford WTP has developed the

Specific demonstration Specific demonstration technology.
facility. facility.

Critical Material:
Special Material Centrifugal contractors No special material or Use specialized resin
/equipment and solvents Isopar Land chemicals are used. material, Spherical RF.

BOBCalix C6.
Material Costner Industries Various vendors for WTP has identified two
Suppliers Nevada Corp. supplies engineered equipment potential manufacturing

Contractors, Exxon is a and routine chemicals. facilities for this material.
single source for Isopar,
and Marshallton
Research Laboratories for
BOBCalixC6.

Fabrication Other centrifugal Commercial fabricators Long term procurement
contractor fabricators are are available, but N- strategy and storage
available but may not be stamp qualification of strategy must be
as experienced as Costner fabricators may be developed, similar to that
Industries> N-stamp questionable. ofWTP. N-stamp
qualification of fabricator qualification of equipment
may be questionable. fabricator(s) may be

questionable.
Qualified Vendors Manv

Vendor Support Good Oualitv Suppliers Good Oualitv Suppliers
Stability of Critical Premium price may have No special pricing Premium price may have
Pricing to be paid due to limited impact. Premium to be paid due to limited

supply and n-stamp pricing may have to manufacturing facilities,
fabrication requirements pay due to N-stamp N-stamp requirements and
and specific use. fabrication specific use.

requirements.
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Assessment Summary Form (IX-sRF-5.6.2)

Technology:
Criteria:
Measure:
Definition:

Spherical resorcinol-fonnaldahyde (SRF) Ion Exchange
Programmatic Aspects - 5.0
Resources and materials - 5.6
Stability of Critical Resource Pricing - 5.6.2

Assessment Scope: Review previously identified critical resources (such as professional skilled
personnel, chemicals, specific raw materials, etc.) against current and potentially future pricing. Review
competition for these resources within Hanford and general market. IdentifY any shortfall or abnonnal
condition requiring a special attention or mitigation.

Conditions: Limited manufacturing facilities exit for preparation of required SRF resin. Two facilities
(one in USA and one abroad) have manufactured the resins and were tested to meet requirements. Long
tenn supply strategy must be developed.

References: Engineering Judgment.

Attachments: None.

Assessment Summary:
Resource will require premium pricing and long tenn supply strategy must be developed. N-stamp
qualification ofthe fabricator and suppliers may require premium pricing.

Prepared by: Kishor Shah
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Interim Pretreatment Systems Options

5year Life Cycle Cost Estimates

Fractional Crystallization with Rotary Micro filter

Fractional Crystallization with Cross flow filter

Ion Exchange with Rotary Micro filter

Ion Exchange with Cross flow filter

Caustic Side Solvent Extraction with Rotary Micro filter

Caustic Side Solvent Extraction with Cross flow filter

CH2M HILL Hanford Group, INC.

June 18, 2008

Prepared by Del Rhoadarmer

Checked by Wes Bryan
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Interim Pretreatment Systems Options

Basis of Estimate

Introduction

Six separate costs have been developed for these options: Fractional Crystallization with
Rotary Micro filter, Fractional Crystallization with Cross flow filter, Ion Exchange with
Rotary Micro filter, Ion Exchange with Cross flow filter, Caustic Side Solvent Extraction
with Rotary Micro filter, and Caustic Side Solvent Extraction with Cross flow filter. Please
note costs are for comparison of options and not complete project costs. Costs for control
trailer, transformer, Switchgear, Motor Control Center, power transmission lines, water
supply lines, and leach field for sanitary waste have not been included as they have been
assumed to be similar costs for each option.

Expected
Accuracy Range

- Class 4
Estimate *

-30% of Lifecycle +50% of
Option Capital Costs Estimate Capital Costs

Fractional Crystallization with
Rotarv Micro filter $287,634,131 $319,698,061 $373,137,945

Fractional Crystallization with
Cross flow filter $257,983,675 $285,303,547 $330,836,667

Ion Exchange with Rotary Micro
filter $152,456,303 $177,789,568 $220,011,676

Ion Exchange with Cross flow
filter $140810933 $163953101 $202523381

Caustic Side Solvent Extraction
with Rotary Micro filter $233,803,520 $234,177,701 $234,801,336

Caustic Side Solvent Extraction
with Cross flow filter $184,390,628 $219,402,150 $277,754,688

*" costs are not all mcluslve

Estimate Type

This is a Class 4 estimate per the Association for the Advancement of Cost Engineering
(AACE) International definitions. A Class 4 estimate has an expected accuracy range from a
minus 30% to a plus 50 %. A more through discussion of a Class 4 estimate is included at
the end of this document.
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Methodology

The costs include for each estimate are broken down in three categories:

• Capital Costs
• Operation And Maintenance Costs
• Deactivation, Decontamination, and Demolition Costs

The Capital Costs include Engineering design, Project Management, Construction
Management Costs and the Construction Costs. The Operation and Maintenance include
the specific work crews based on 24-7 operation and the major chemical costs. Utility costs
are included. The D&D Costs include the site clean up costs. The project schedule was used
for escalating costs.

Cost Sources

The construction costs are based on the quantities developed from the Plans and Equipment
Lists developed by AEM Consulting. Material pricing and labor hours were developed
from the following sources. Richardson "Process Plant Construction Estimating Standards".
RS Means Commercial Building Construction Costs. Labor productivity was adjusted from
commercial to site specific nuclear process quality control rates. "Process Equipment Cost"
from Matche.com. Costs were escalated from 2003 to presents using 4 % per year. Quotes
from Vendors were obtained. Costs from previous estimates were escalated to current
dollars and used when quotes were not obtainable.

The estimating software used was Timberline Extended by Sage Software.

Hanford site employee rates by the COCS classification were per the current rates being
used on site. Construction Craft Labor rates were based on the Davis Bacon Decision #
W A2008009 February 08, 2008 for Benton and Franklin Counties (D.O.E. Hanford Site
Only). Craft benefits were per the agreement.

Markups

Workers Compensation Insurance was assumed to be average for the United States as
shown in RS Means Building Construction Cost Data. The percentage markup varied by
craft. Payroll burden was assumed to be 19.41% of base labor. Several marks ups on base
labor were applied as follows:

Small tools 1.0%, Consumables 3.0%, PPE 4.0%.

A labor productivity adjustment of 118.56% add on factor was applied to labor hours. This
factor accommodates adjustments for different site conditions from the data base.

Other marks were applied as follows:

Sales Tax on materials and equipment is 8.3%.

Public Liability Insurance is 2% of costs, and the Performance and Payment Bond is - 2.0%,
Subcontractor FeejProfit -8%.
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The estimates were prepared in 2008 dollars. The project costs were escalated for work in
years 2009 through 2023. Costs were escalated by 2.4% per year.

A 30% risk/ contingency factor was applied to the project costs.

Engineering Costs were based on a percentage of the construction costs. They are listed
below:

• Conceptual Design @ 10%
• Preliminary Design @ 15%
• Detailed Design @ 30%
• Title III Engineering @ 20%

Costs for Project Management, Construction Management, Procurement, etc were man
loaded by year.
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Project name

Labor rate table

Equipment rate table

Notes

Report format

IPS Project Rev 8

Hanford

COMM2008

For all cases, conceptual design starts 1012008. "Design duration" below

includes conceptual, preliminary, detailed (Title I & II).

1) Solvent Extraction/Cross Flow Filter - design duration 44 months.

construction duratioo 37 months

2) Solvent Extraction/Rotary Micro Filter - design duration 44 months.

construction duration 35 months.

3) Fractional Crystallization/Cross Flow Filter - design duration 44 months.

construction duration 33 months.

4) Fractional CrystallizationlRotary Micro Filter - design duration 44 months.

construction duratioo 32 months

5) Ion Exchange/Cross Flow Filter - design duration 44 months.

construction duration 27 months.

6) Ion Exchange/Rotary Micro Filter - design duration 44 months.

construction duratioo 26 months

Conceptual design - 10% of construction costs

Preliminary design - 15% of construction costs

Detailed design - 30% of construction costs

Title III design - 20% of construction costs

Project Management,and Construction Management crew loaded by year.

Sorted by 'WBS Lvl1ANBS Lvi 2ANBS Lvi 3ANBS Lvi 4/Class ID/FB Year'

'Detail' summary



CH2MHILL Spreadsheet Report
IPS Project Rev 8

RPP-RPT-37741, Rev 0
Page 2

6/17/200810:43 PM

Labor Man
Spreadsheet Level

Hrs
Labor Amount Material Amount Sub Amount Equip Amount Other Amount Total Amount Addon Amount Grand Total

01a Fractional Crystallization - Rotary MicroFilter
1.01 Caaital Construction 334,174 50,306,196 4,551,379 14,055,124 33,133 68,945,833 37,933,934 106,879,767
1.02 Oaerations 565,291 36,835,547 16,489,452 9,110,896 54,564,080 116,999,975 83,064,022 200,063,998
1.03 Deactivation & Decommissionina 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296

01a Fractional Crystallization - Rotary MicroFilter 899,465 87,141,743 21,040,831 2,348,214 23,166,021 58,992,557 192,689,366 127,008,694 319,698,061

01 b Fractional Crvstallization - Crossflow Filter
1.01 Caaital Construction 334,176 48,205,855 5,130,240 5,663,550 34,539 59,034,184 32,032,055 91,066,240
1.02 Oaerations 558,400 36,384,520 16,281,673 54,565,174 107,231,367 74,251,645 181,483,011
1.03 Deactivation & Decommissionina 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296

01 b Fractional Crvstallization - Crossflow Filter 892,576 84,590,375 21,411,912 2,348,214 5,663,550 58,995,057 173,009,109 112,294,438 285,303,547

02a Ion Exchange - Rotarv Micro Filter
1.01 Caaital Construction 280,065 43,052,921 5,626,239 6,042,456 186,559 54,908,176 29,536,040 84,444,216
1.02 Oaerations 552,523 36,244,693 7,530,951 3,054,564 2,240,037 49,070,247 32,739,895 81,810,142
1.03 Deactivation & Decommissionina 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211

02a Ion Exchange - Rotarv Micro Filter 832,588 79,297,614 13,157,191 2,161,131 9,097,021 6,471,762 110,184,719 67,604,849 177,789,568

02b Ion Exchange - Crossflow Filter
1.01 Caaital Construction 284,341 40,746,959 6,307,550 3,016,245 33,011 50,103,765 27,036,795 77,140,560
1.02 Oaerations 547,728 35,917,708 7,407,211 2,240,395 45,565,315 29,712,015 75,277,330
1.03 Deactivation & Decommissionina 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211

02b Ion Exchange - Crossflow Filter 832,069 76,664,668 13,714,762 2,161,131 3,016,245 6,318,571 101,875,376 62,077,724 163,953,101

03a Caustic Side Solvent Extraction - Rotary Micro Filter
1.01 Caaital Construction 347,038 61,127,688 5,264,683 14,485,396 205,350 81,083,116 43,643,923 124,727,039
1.02 Oaerations 618,395 40,312,944 7,745,880 3,054,564 1,494,396 52,607,784 37,973,826 90,581,610
1.03 Deactivation & Decommissionina 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052

03a Caustic Side Solvent Extraction - Rotary Micro 965,433 101,440,632 13,010,562 3,413,728 17,539,960 8,089,496 143,494,379 90,683,322 234,177,701

Filter

03b Caustic Side Solvent Extraction - Crossflow Filter
1.01 Caaital Construction 349,188 58,277,639 6,004,818 11,469,493 51,181 75,803,131 40,901,944 116,705,075
1.02 Oaerations 613,600 39,985,959 7,622,151 1,494,764 49,102,874 34,725,150 83,828,024
1.03 Deactivation & Decommissionina 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052

03b Caustic Side Solvent Extraction - Crossflow Filter 962,788 98,263,598 13,626,969 3,413,728 11,469,493 7,935,696 134,709,483 84,692,667 219,402,150
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FY2009 Escalation 907.070
FY2010 Escalation 2.044.761
FY2011 Escalation 3.002.798
FY2012 Escalation 4.721.298
FY2013 Escalation 7.790.500
FY2014 Escalation 16.902.115
FY2015 Escalation 8.625.185
FY2016 Escalation 6.712.076
FY2017 Escalation 10.719.981
FY2018 Escalation 14.654.990
FY2019 Escalation 32.368.243
FY2020 Escalation 37.779.717
FY2021 Escalation 20,559,954
FY2022 Escalation 13.121.065
FY2023 Escalation --,-:.>19-'14-:,77:-2:'5"'8

189,387,011

CH2MHILL

Subcontractor Contractor Fee

Risk - Total Proiect

Total

12034704

12,034,704

323151722

887,785,393

1,077,172,404

1,400,324,126

Spreadsheet Report
IPS Project Rev 8

Estimate Totals

8000 % C 086%

0.86

2400 % C 0.06%
4860 % C 0.15%
7370 % C 0.21%
9950 % C 0.34%

12590 % C 0.56%
15290 % C 1.21%
18060 % C 0.62%
20890 % C 0.48%
23790 % C 0.77%
26770 % C 1.05%
29810 % C 2.31%
32920 % C 2.70%
36.110 % C 1.47%
39380 % C 0.94%
42720 % C 068%

13.52

30.000 % T 23.08%

RPP-RPT-37741, Rev 0
Page3A

6/17/200810:43 PM

We agree to do the above estimated work for the price of 1,400,324,126 dollars
Signature
Print Name
Date _

Signature
Print Name _
Date _
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Labor Man
Spreadsheet Level

Hrs
Labor Amount Material Amount Sub Amount Equip Amount Other Amount Total Amount Addon Amount Grand Total

01a Fractional Crystallization - Rotary MicroFilter
1.01 Caaital Construction

1.01.01 Pro"ect ManaaementlSuaaort 201,288 15,604,037 15,604,037 7,872,477 23,476,514
1.01.02 Enaineerina 26,295,928 26,295,928 12,254,218 38,550,146
1.01.03 Technoloav Saecific Ma"or Eauiament Procurement 13,572,921 13,572,921 8,643,937 22,216,858
1.01.04 Construction 132,886 8,406,231 4,551,379 482,204 33,133 13,472,948 9,163,302 22,636,249

1.01 Caaital Construction 334,174 50,306,196 4,551,379 14,055,124 33,133 68,945,833 37,933,934 106,879,767
1.02 Oaerations

1.02.00 Start ua 59,200 4,851,928 4,851,928 2,887,149 7,739,078
1.02.01 Oaerations 506,091 31,983,619 16,489,452 9,110,896 54,564,080 112,148,047 80,176,873 192,324,920

1.02 Oaerations 565,291 36,835,547 16,489,452 9,110,896 54,564,080 116,999,975 83,064,022 200,063,998
1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296
1.03 Deactivation & Decommissionina 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296

01a Fractional Crystallization - Rotary MicroFilter 899,465 87,141,743 21,040,831 2,348,214 23,166,021 58,992,557 192,689,366 127,008,694 319,698,061

01 b Fractional Crvstallization - Crossflow Filter
1.01 Caaital Construction

1.01.01 Pro"ect ManaaementlSuaaort 199,208 15,440,251 15,440,251 7,781,063 23,221,315
1.01.02 Enaineerina 24,254,080 24,254,080 11,302,693 35,556,772
1.01.03 Technoloav Saecific Ma"or Eauiament Procurement 5,172,921 5,172,921 3,258,443 8,431,364
1.01.04 Construction 134,968 8,511,524 5,130,240 490,630 34,539 14,166,932 9,689,856 23,856,789

1.01 Caaital Construction 334,176 48,205,855 5,130,240 5,663,550 34,539 59,034,184 32,032,055 91,066,240
1.02 Oaerations

1.02.00 Start ua 59,200 4,851,928 4,851,928 2,887,149 7,739,078
1.02.01 Oaerations 499,200 31,532,592 16,281,673 54,565,174 102,379,438 71,364,496 173,743,934

1.02 Oaerations 558,400 36,384,520 16,281,673 54,565,174 107,231,367 74,251,645 181,483,011
1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296
1.03 Deactivation & Decommissionina 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296

01 b Fractional Crvstallization - Crossflow Filter 892,576 84,590,375 21,411,912 2,348,214 5,663,550 58,995,057 173,009,109 112,294,438 285,303,547

02a Ion Exchange - Rotarv Micro Filter
1.01 Caaital Construction

1.01.01 Pro"ect ManaaementlSuaaort 174,248 13,474,826 13,474,826 6,607,699 20,082,525
1.01.02 Enaineerina 23,033,679 23,033,679 10,647,631 33,681,310
1.01.03 Technoloav Saecific Ma"or Eauiament Procurement 4,747,013 4,747,013 2,911,961 7,658,974
1.01.04 Construction 105,817 6,544,416 5,626,239 1,295,444 186,559 13,652,658 9,368,748 23,021,406

1.01 Caaital Construction 280,065 43,052,921 5,626,239 6,042,456 186,559 54,908,176 29,536,040 84,444,216
1.02 Oaerations

1.02.00 Start ua 48,528 3,977,270 3,977,270 2,235,904 6,213,174
1.02.01 Oaerations 503,995 32,267,423 7,530,951 3,054,564 2,240,037 45,092,977 30,503,991 75,596,968

1.02 Oaerations 552,523 36,244,693 7,530,951 3,054,564 2,240,037 49,070,247 32,739,895 81,810,142
1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211
1.03 Deactivation & Decommissionina 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211

02a Ion Exchange - Rotarv Micro Filter 832,588 79,297,614 13,157,191 2,161,131 9,097,021 6,471,762 110,184,719 67,604,849 177,789,568

02b Ion Exchange - Crossflow Filter
1.01 Caaital Construction

1.01.01 Pro"ect ManaaementlSuaaort 174,248 13,474,826 13,474,826 6,607,699 20,082,525
1.01.02 Enaineerina 20,420,815 20,420,815 9,439,800 29,860,615
1.01.03 Technoloav Saecific Ma"or Eauiament Procurement 1,947,013 1,947,013 1,194,357 3,141,369
1.01.04 Construction 110,093 6,851,318 6,307,550 1,069,232 33,011 14,261,111 9,794,940 24,056,050
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1.01 Caaital Construction 284,341 40,746,959 6,307,550 3,016,245 33,011 50,103,765 27,036,795 77,140,560
1.02 Oaerations

1.02.00 Start ua 48,528 3,977,270 3,977,270 2,235,904 6,213,174
1.02.01 Oaerations 499,200 31,940,438 7,407,211 2,240,395 41,588,045 27,476,112 69,064,156

1.02 Oaerations 547,728 35,917,708 7,407,211 2,240,395 45,565,315 29,712,015 75,277,330
1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211
1.03 Deactivation & Decommissionina 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211

02b Ion Exchange - Crossflow Filter 832,069 76,664,668 13,714,762 2,161,131 3,016,245 6,318,571 101,875,376 62,077,724 163,953,101

03a Caustic Side Solvent Extraction - Rotary Micro Filter
1.01 Caaital Construction

1.01.01 Pro"ect ManaaementlSuaaort 181,008 14,007,129 14,007,129 7,024,241 21,031,370
1.01.02 Enaineerina 37,082,117 37,082,117 17,182,453 54,264,570
1.01.03 Technoloav Saecific Ma"or Eauiament Procurement 12,900 13,698,165 13,711,065 8,415,014 22,126,078
1.01.04 Construction 166,030 10,038,443 5,251,783 787,231 205,350 16,282,806 11,022,215 27,305,021

1.01 Caaital Construction 347,038 61,127,688 5,264,683 14,485,396 205,350 81,083,116 43,643,923 124,727,039
1.02 Oaerations

1.02.00 Start ua 72,800 5,966,561 5,966,561 3,573,128 9,539,688
1.02.01 Oaerations 545,595 34,346,383 7,745,880 3,054,564 1,494,396 46,641,223 34,400,699 81,041,922

1.02 Oaerations 618,395 40,312,944 7,745,880 3,054,564 1,494,396 52,607,784 37,973,826 90,581,610
1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052
1.03 Deactivation & Decommissionina 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052

03a Caustic Side Solvent Extraction - Rotary Micro 965,433 101,440,632 13,010,562 3,413,728 17,539,960 8,089,496 143,494,379 90,683,322 234,177,701

Filter

03b Caustic Side Solvent Extraction - Crossflow Filter
1.01 Caaital Construction

1.01.01 Pro"ect ManaaementlSuaaort 178,088 13,772,246 13,772,246 6,893,145 20,665,391
1.01.02 Enaineerina 34,109,986 34,109,986 15,800,571 49,910,557
1.01.03 Technoloav Saecific Ma"or Eauiament Procurement 12,900 10,898,165 10,911,065 6,697,409 17,608,474
1.01.04 Construction 171,100 10,395,407 5,991,918 571,328 51,181 17,009,835 11,510,818 28,520,653

1.01 Caaital Construction 349,188 58,277,639 6,004,818 11,469,493 51,181 75,803,131 40,901,944 116,705,075
1.02 Oaerations

1.02.00 Start ua 72,800 5,966,561 5,966,561 3,573,128 9,539,688
1.02.01 Oaerations 540,800 34,019,398 7,622,151 1,494,764 43,136,313 31,152,023 74,288,335

1.02 Oaerations 613,600 39,985,959 7,622,151 1,494,764 49,102,874 34,725,150 83,828,024
1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052
1.03 Deactivation & Decommissionina 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052

03b Caustic Side Solvent Extraction - Crossflow Filter 962,788 98,263,598 13,626,969 3,413,728 11,469,493 7,935,696 134,709,483 84,692,667 219,402,150
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01a Fractional Crystallization - Rotary MicroFilter

1.01 Caaital Construction
1.01.01 Pro"ect ManaaementlSuaaort

1.01.01.01 Pro"ect Manaaement 133,120 10,310,543 10,310,543 5,308,953 15,619,496
1.01.01.02 Reaulatorv 24,960 1,994,604 1,994,604 851,091 2,845,695
1.01.01.03 Construction Manaaement 34,695 2,779,934 2,779,934 1,463,660 4,243,595
1.01.01.04 Procurement Suaaort 8,320 503,976 503,976 240,412 744,387
1.01.01.05 Acceatance, Startua, Testina 193 14,980 14,980 8,361 23,341

1.01.01 Pro"ect ManaaementlSuaaort 201,288 15,604,037 15,604,037 7,872,477 23,476,514
1.01.02 Enaineerina

1.01.02.01 Conceatual Design 3,501,455 3,501,455 1,405,940 4,907,395
1.01.02.02 Preliminarv Desian 5,252,183 5,252,183 2,238,114 7,490,297
1.01.02.03 Detailed Design 10,504,365 10,504,365 4,875,394 15,379,759
1.01.02.04 Title 3 Engineerina 7,037,925 7,037,925 3,734,770 10,772,695

1.01.02 Enaineerina 26,295,928 26,295,928 12,254,218 38,550,146
1.01.03 Technoloav Saecific Ma"or Eauiament Procurement

1.01.03.01 Eauiament Procurement 13,572,921 13,572,921 8,643,937 22,216,858
1.01.03 Technoloav Saecific Ma"or Eauiament Procurement 13,572,921 13,572,921 8,643,937 22,216,858

1.01.04 Construction
1.01.04.01 Subcontractor Staff 56,284 3,902,432 13 47 3,110 3,905,602 2,529,517 6,435,120
1.01.04.02 Vault 31,373 1,630,002 2,453,424 254,972 25,409 4,363,807 3,062,783 7,426,590
1.01.04.03 Vault Common 21,710 1,395,918 456,257 57,125 2,220 1,911,520 1,263,461 3,174,981
1.01.04.04 Above Grade 888 48,335 9,598 153 521 58,608 39,171 97,779
1.01.04.05 1st Staae 10,063 652,691 859,065 50,954 1,562,709 1,095,654 2,658,363
1.01.04.06 2nd Staae 8,725 565,769 552,092 45,410 1,163,272 812,969 1,976,241
1.01.04.07 Filtration 3,844 211,084 220,930 73,543 1,873 507,429 359,747 867,176

1.01.04 Construction 132,886 8,406,231 4,551,379 482,204 33,133 13,472,948 9,163,302 22,636,249
1.01 Caaital Construction 334,174 50,306,196 4,551,379 14,055,124 33,133 68,945,833 37,933,934 106,879,767

1.02 Oaerations
1.02.00 Start ua

1.02.00.01 Plant Start Ua 59,200 4,851,928 4,851,928 2,887,149 7,739,078
1.02.00 Start ua 59,200 4,851,928 4,851,928 2,887,149 7,739,078

1.02.01 Oaerations
1.02.01.01Ol'erations 499,200 31,532,592 16,365,252 54,564,080 102,461,924 71,427,220 173,889,144
1.02.01.02 Filter Realacement 6,891 451,027 124,200 9,110,896 9,686,123 8,749,653 18,435,776

1.02.01 Oaerations 506,091 31,983,619 16,489,452 9,110,896 54,564,080 112,148,047 80,176,873 192,324,920
1.02 Oaerations 565,291 36,835,547 16,489,452 9,110,896 54,564,080 116,999,975 83,064,022 200,063,998

1.03 Deactivation & Decommissionina
1.03.01 Deactivation & Decommissionina

1.03.01.01 D&D 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296
1.03.01 Deactivation & Decommissionina 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296
1.03 Deactivation & Decommissionina 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296

01a Fractional Crystallization - Rotary MicroFilter 899,465 87,141,743 21,040,831 2,348,214 23,166,021 58,992,557 192,689,366 127,008,694 319,698,061

01 b Fractional Crvstallization - Crossflow Filter

1.01 Caaital Construction
1.01.01 Pro"ect ManaaementlSuaaort

1.01.01.01 Pro"ect Management 131,840 10,211,404 10,211,404 5,253,620 15,465,024
1.01.01.02 ReaulatOl)l 24,960 1,994,604 1,994,604 851,091 2,845,695
1.01.01.03 Construction Manaaement 33,895 2,715,289 2,715,289 1,427,580 4,142,868
1.01.01.04 Procurement Sual'ort 8,320 503,976 503,976 240,412 744,387
1.01.01.05 Accel'tance, StartUl', Testing 193 14,980 14,980 8,361 23,341

1.01.01 Pro"ect ManaaementlSuaaort 199,208 15,440,251 15,440,251 7,781,063 23,221,315
1.01.02 Enaineerina
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1.01.02.01 ConceDtual Design 3,229,571 3,229,571 1,296,771 4,526,342
1.01.02.02 Preliminarv DesiDn 4,844,357 4,844,357 2,064,327 6,908,684
1.01.02.03 Detailed Design 9,688,714 9,688,714 4,496,825 14,185,539
1.01.02.04 Title 3 EngineerinD 6,491,438 6,491,438 3,444,770 9,936,208

1.01.02 EnDineerinD 24,254,080 24,254,080 11,302,693 35,556,772
1.01.03 TechnoloDv SDecific Ma"or EDuiDment Procurement

1.01.03.01 EDuiDment Procurement 5,172,921 5,172,921 3,258,443 8,431,364
1.01.03 TechnoloDv SDecific Ma"or EDuiDment Procurement 5,172,921 5,172,921 3,258,443 8,431,364

1.01.04 Construction
1.01.04.01 Subcontractor Staff 56,284 3,902,432 13 47 3,110 3,905,602 2,529,517 6,435,120
1.01.04.02 Vault 31,373 1,630,002 2,453,424 254,972 25,409 4,363,807 3,062,783 7,426,590
1.01.04.03 Vault Common 21,710 1,395,918 456,257 57,125 2,220 1,911,520 1,263,461 3,174,981
1.01.04.04 Above Grade 888 48,335 9,598 153 521 58,608 39,171 97,779
1.01.04.05 1st StaDe 10,063 652,691 859,065 50,954 1,562,709 1,095,654 2,658,363
1.01.04.06 2nd StaDe 8,725 565,769 552,092 45,410 1,163,272 812,969 1,976,241
1.01.04.07 Filtration 5,926 316,376 799,790 81,969 3,279 1,201,414 886,302 2,087,716

1.01.04 Construction 134,968 8,511,524 5,130,240 490,630 34,539 14,166,932 9,689,856 23,856,789
1.01 CaDital Construction 334,176 48,205,855 5,130,240 5,663,550 34,539 59,034,184 32,032,055 91,066,240

1.02 ODerations
1.02.00 Start uD

1.02.00.01 Plant Start UD 59,200 4,851,928 4,851,928 2,887,149 7,739,078
1.02.00 Start uD 59,200 4,851,928 4,851,928 2,887,149 7,739,078

1.02.01 ODerations
1.02.01.010l'erations 499,200 31,532,592 16,281,673 54,565,174 102,379,438 71,364,496 173,743,934

1.02.01 ODerations 499,200 31,532,592 16,281,673 54,565,174 102,379,438 71,364,496 173,743,934
1.02 ODerations 558,400 36,384,520 16,281,673 54,565,174 107,231,367 74,251,645 181,483,011

1.03 Deactivation & DecommissioninD
1.03.01 Deactivation & DecommissioninD

1.03.01.01 D&D 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296
1.03.01 Deactivation & DecommissioninD 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296
1.03 Deactivation & DecommissioninD 2,348,214 4,395,344 6,743,558 6,010,737 12,754,296

01 b Fractional Crvstallization - Crossflow Filter 892,576 84,590,375 21,411,912 2,348,214 5,663,550 58,995,057 173,009,109 112,294,438 285,303,547

02a Ion Exchange - Rotarv Micro Filter

1.01 CaDital Construction
1.01.01 Pro"ect ManaDementiSuDDort

1.01.01.01 Pro"ect ManaDement 116,480 9,021,725 9,021,725 4,547,480 13,569,206
1.01.01.02 ReDulatorv 24,960 1,994,604 1,994,604 817,249 2,811,853
1.01.01.03 Construction ManaDement 24,295 1,939,542 1,939,542 994,612 2,934,153
1.01.01.04 Procurement SUDDOrt 8,320 503,976 503,976 240,412 744,387
1.01.01.05 AcceDtance, StartUD, TestinD 193 14,980 14,980 7,946 22,926

1.01.01 Pro"ect ManaDementiSuDDort 174,248 13,474,826 13,474,826 6,607,699 20,082,525
1.01.02 EnDineerinD

1.01.02.01 ConceDtual Design 3,071,157 3,071,157 1,233,163 4,304,320
1.01.02.02 Preliminarv DesiDn 4,606,736 4,606,736 1,963,070 6,569,805
1.01.02.03 Detailed Design 9,213,472 9,213,472 4,276,251 13,489,723
1.01.02.04 Title 3 EngineerinD 6,142,314 6,142,314 3,175,148 9,317,463

1.01.02 EnDineerinD 23,033,679 23,033,679 10,647,631 33,681,310
1.01.03 TechnoloDv SDecific Ma"or EDuiDment Procurement

1.01.03.01 EDuiDment Procurement 4,747,013 4,747,013 2,911,961 7,658,974
1.01.03 TechnoloDv SDecific Ma"or EDuiDment Procurement 4,747,013 4,747,013 2,911,961 7,658,974

1.01.04 Construction
1.01.04.01 Subcontractor Staff 45,863 3,179,161 7 26 3,730 3,182,924 2,038,205 5,221,129
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1.01.04.02 Vault 34,794 1,889,044 4,671,180 945,586 24,112 7,529,922 5,318,669 12,848,591
1.01.04.03 Vault Common 12,662 746,441 797,058 31,791 1,982 1,577,271 1,087,593 2,664,864
1.01.04.04 Above Grade 620 27,464 25,795 906 172 54,337 36,092 90,429
1.01.04.07 Filtration 11,877 702,306 132,200 317,134 156,563 1,308,203 888,190 2,196,393

1.01.04 Construction 105,817 6,544,416 5,626,239 1,295,444 186,559 13,652,658 9,368,748 23,021,406
1.01 CaDital Construction 280,065 43,052,921 5,626,239 6,042,456 186,559 54,908,176 29,536,040 84,444,216

1.02 ODerations
1.02.00 Start uD

1.02.00.01 Plant Start UD 48,528 3,977,270 3,977,270 2,235,904 6,213,174
1.02.00 Start uD 48,528 3,977,270 3,977,270 2,235,904 6,213,174

1.02.01 ODerations
1.02.01.01Ol'erations 499,200 31,940,438 7,406,751 2,240,037 41,587,227 27,475,545 69,062,772
1.02.01.02 Filter ReDlacement 4,795 326,985 124,200 3,054,564 3,505,749 3,028,447 6,534,196

1.02.01 ODerations 503,995 32,267,423 7,530,951 3,054,564 2,240,037 45,092,977 30,503,991 75,596,968
1.02 ODerations 552,523 36,244,693 7,530,951 3,054,564 2,240,037 49,070,247 32,739,895 81,810,142

1.03 Deactivation & DecommissioninD
1.03.01 Deactivation & DecommissioninD

1.03.01.01 D&D 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211
1.03.01 Deactivation & DecommissioninD 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211
1.03 Deactivation & DecommissioninD 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211

02a Ion Exchange - Rotarv Micro Filter 832,588 79,297,614 13,157,191 2,161,131 9,097,021 6,471,762 110,184,719 67,604,849 177,789,568

02b Ion Exchange - Crossflow Filter

1.01 CaDital Construction
1.01.01 Pro"ect ManaDementiSuDDort

1.01.01.01 Pro"ect Management 116,480 9,021,725 9,021,725 4,547,480 13,569,206
1.01.01.02 ReDulatOl)l 24,960 1,994,604 1,994,604 817,249 2,811,853
1.01.01.03 Construction ManaDement 24,295 1,939,542 1,939,542 994,612 2,934,153
1.01.01.04 Procurement SUDI'Ort 8,320 503,976 503,976 240,412 744,387
1.01.01.05 Accel'tance, StartUl', Testing 193 14,980 14,980 7,946 22,926

1.01.01 Pro"ect ManaDementiSuDDort 174,248 13,474,826 13,474,826 6,607,699 20,082,525
1.01.02 EnDineerinD

1.01.02.01 ConceDtual DesiDn 2,722,775 2,722,775 1,093,277 3,816,052
1.01.02.02 Preliminarv DesiDn 4,084,163 4,084,163 1,740,385 5,824,549
1.01.02.03 Detailed DesiDn 8,168,326 8,168,326 3,791,167 11,959,494
1.01.02.04 Title 3 EngineerinD 5,445,551 5,445,551 2,814,970 8,260,521

1.01.02 EnDineerinD 20,420,815 20,420,815 9,439,800 29,860,615
1.01.03 TechnoloDv SDecific Ma"or EDuiDment Procurement

1.01.03.01 EguiDment Procurement 1,947,013 1,947,013 1,194,357 3,141,369
1.01.03 TechnoloDv SDecific Ma"or EDuiDment Procurement 1,947,013 1,947,013 1,194,357 3,141,369

1.01.04 Construction
1.01.04.01 Subcontractor Staff 47,463 3,290,246 7 26 3,730 3,294,009 2,123,753 5,417,762
1.01.04.02 Vault 34,794 1,889,044 4,671,180 945,586 24,112 7,529,922 5,318,669 12,848,591
1.01.04.03 Vault Common 21,625 1,344,619 934,871 59,579 2,352 2,341,421 1,577,732 3,919,153
1.01.04.04 Above Grade 620 27,464 25,795 906 172 54,337 36,092 90,429
1.01.04.07 Filtration 5,590 299,945 675,697 63,134 2,644 1,041,420 738,694 1,780,114

1.01.04 Construction 110,093 6,851,318 6,307,550 1,069,232 33,011 14,261,111 9,794,940 24,056,050
1.01 CaDital Construction 284,341 40,746,959 6,307,550 3,016,245 33,011 50,103,765 27,036,795 77,140,560

1.02 ODerations
1.02.00 Start uD

1.02.00.01 Plant Start UD 48,528 3,977,270 3,977,270 2,235,904 6,213,174
1.02.00 Start uD 48,528 3,977,270 3,977,270 2,235,904 6,213,174

1.02.01 ODe rations

562



CH2MHILL Spreadsheet Report
IPS Project Rev 8

RPP-RPT-37741, Rev 0
Page 4

6/17/200810:40 PM

Labor Man
Spreadsheet Level

Hrs
Labor Amount Material Amount Sub Amount Equip Amount Other Amount Total Amount Addon Amount Grand Total

1.02.01.010aerations 499,200 31,940,438 7,407,211 2,240,395 41,588,045 27,476,112 69,064,156
1.02.01 Oaerations 499,200 31,940,438 7,407,211 2,240,395 41,588,045 27,476,112 69,064,156
1.02 Oaerations 547,728 35,917,708 7,407,211 2,240,395 45,565,315 29,712,015 75,277,330

1.03 Deactivation & Decommissionina
1.03.01 Deactivation & Decommissionina

1.03.01.01 D&D 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211
1.03.01 Deactivation & Decommissionina 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211
1.03 Deactivation & Decommissionina 2,161,131 4,045,165 6,206,297 5,328,914 11,535,211

02b Ion Exchange - Crossflow Filter 832,069 76,664,668 13,714,762 2,161,131 3,016,245 6,318,571 101,875,376 62,077,724 163,953,101

03a Caustic Side Solvent Extraction - Rotary Micro Filter

1.01 Caaital Construction
1.01.01 Pro"ect ManaaementlSuaaort

1.01.01.01 Pro"ect Management 120,640 9,343,930 9,343,930 4,812,503 14,156,433
1.01.01.02 ReaulatOl)l 24,960 1,994,604 1,994,604 851,091 2,845,695
1.01.01.03 Construction Manaaement 26,895 2,149,640 2,149,640 1,111,874 3,261,514
1.01.01.04 Procurement Sual'ort 8,320 503,976 503,976 240,412 744,387
1.01.01.05 Accel'tance, StartUl', Testing 193 14,980 14,980 8,361 23,341

1.01.01 Pro"ect ManaaementlSuaaort 181,008 14,007,129 14,007,129 7,024,241 21,031,370
1.01.02 Enaineerina

1.01.02.01 Conceatual Desian 4,944,282 4,944,282 1,985,279 6,929,561
1.01.02.02 Preliminarv Desian 7,416,423 7,416,423 3,160,362 10,576,786
1.01.02.03 Detailed Desian 14,832,847 14,832,847 6,884,373 21,717,220
1.01.02.04 Title 3 Engineerina 9,888,564 9,888,564 5,152,439 15,041,003

1.01.02 Enaineerina 37,082,117 37,082,117 17,182,453 54,264,570
1.01.03 Technoloav Saecific Ma"or Eauiament Procurement

1.01.03.01 Eguiament Procurement 12,900 13,698,165 13,711,065 8,415,014 22,126,078
1.01.03 Technoloav Saecific Ma"or Eauiament Procurement 12,900 13,698,165 13,711,065 8,415,014 22,126,078

1.01.04 Construction
1.01.04.01 Subcontractor Staff 68,283 4,735,526 14 50 3,110 4,738,700 3,104,683 7,843,383
1.01.04.02 Vault 71,947 3,784,601 4,184,472 435,478 42,882 8,447,433 5,773,377 14,220,810
1.01.04.03 Vault Common 13,922 816,010 935,096 34,570 2,795 1,788,470 1,255,965 3,044,436
1.01.04.07 Filtration 11,877 702,306 132,200 317,134 156,563 1,308,203 888,190 2,196,393

1.01.04 Construction 166,030 10,038,443 5,251,783 787,231 205,350 16,282,806 11,022,215 27,305,021
1.01 Caaital Construction 347,038 61,127,688 5,264,683 14,485,396 205,350 81,083,116 43,643,923 124,727,039

1.02 Oaerations
1.02.00 Start ua

1.02.00.01 Plant Start Ua 72,800 5,966,561 5,966,561 3,573,128 9,539,688
1.02.00 Start ua 72,800 5,966,561 5,966,561 3,573,128 9,539,688

1.02.01 Oaerations
1.02.01.010l'erations 540,800 34,019,398 7,621,680 1,494,396 43,135,474 31,151,390 74,286,863
1.02.01.02 Filter Realacement 4,795 326,985 124,200 3,054,564 3,505,749 3,249,309 6,755,058

1.02.01 Oaerations 545,595 34,346,383 7,745,880 3,054,564 1,494,396 46,641,223 34,400,699 81,041,922
1.02 Oaerations 618,395 40,312,944 7,745,880 3,054,564 1,494,396 52,607,784 37,973,826 90,581,610

1.03 Deactivation & Decommissionina
1.03.01 Deactivation & Decommissionina

1.03.01.01 D&D 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052
1.03.01 Deactivation & Decommissionina 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052
1.03 Deactivation & Decommissionina 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052

03a Caustic Side Solvent Extraction - Rotary Micro 965,433 101,440,632 13,010,562 3,413,728 17,539,960 8,089,496 143,494,379 90,683,322 234,177,701

Filter

03b Caustic Side Solvent Extraction - Crossflow Filter

1.01 Caaital Construction
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1.01.01 Pro"ect ManaaementiSuooort
1.01.01.01 Pro"ect Manaaement 120,320 9,319,145 9,319,145 4,798,670 14,117,815
1.01.01.02 Reaulatorv 24,960 1,994,604 1,994,604 851,091 2,845,695
1.01.01.03 Construction Manaaement 24,295 1,939,542 1,939,542 994,612 2,934,153
1.01.01.04 Procurement Suooort 8,320 503,976 503,976 240,412 744,387
1.01.01.05 Acceotance, Startuo, Testina 193 14,980 14,980 8,361 23,341

1.01.01 Pro"ect ManaaementiSuooort 178,088 13,772,246 13,772,246 6,893,145 20,665,391
1.01.02 Enaineerina

1.01.02.01 Conceotual Design 4,614,004 4,614,004 1,852,662 6,466,666
1.01.02.02 Preliminarv Desian 6,806,765 6,806,765 2,900,569 9,707,334
1.01.02.03 Detailed Design 13,613,530 13,613,530 6,318,451 19,931,982
1.01.02.04 Title 3 Engineerina 9,075,687 9,075,687 4,728,889 13,804,576

1.01.02 Enaineerina 34,109,986 34,109,986 15,800,571 49,910,557
1.01.03 Technoloav Soecific Ma"or Eauioment Procurement

1.01.03.01 Eauioment Procurement 12,900 10,898,165 10,911,065 6,697,409 17,608,474
1.01.03 Technoloav Soecific Ma"or Eauioment Procurement 12,900 10,898,165 10,911,065 6,697,409 17,608,474

1.01.04 Construction
1.01.04.01 Subcontractor Staff 69,883 4,846,611 14 50 2,490 4,849,165 3,169,376 8,018,541
1.01.04.02 Vault 71,947 3,784,601 4,184,472 435,478 42,882 8,447,433 5,773,377 14,220,810
1.01.04.03 Vault Common 22,886 1,414,188 1,072,910 62,357 3,165 2,552,621 1,746,105 4,298,726
1.01.04.07 Filtration 6,384 350,007 734,522 73,443 2,644 1,160,616 821,961 1,982,576

1.01.04 Construction 171,100 10,395,407 5,991,918 571,328 51,181 17,009,835 11,510,818 28,520,653
1.01 Caoital Construction 349,188 58,277,639 6,004,818 11,469,493 51,181 75,803,131 40,901,944 116,705,075

1.02 Ooerations
1.02.00 Start u0

1.02.00.01 Plant Start uo 72,800 5,966,561 5,966,561 3,573,128 9,539,688
1.02.00 Start u0 72,800 5,966,561 5,966,561 3,573,128 9,539,688

1.02.01 Ooerations
1.02.01.010oerations 540,800 34,019,398 7,622,151 1,494,764 43,136,313 31,152,023 74,288,335

1.02.01 Ooerations 540,800 34,019,398 7,622,151 1,494,764 43,136,313 31,152,023 74,288,335
1.02 Ooerations 613,600 39,985,959 7,622,151 1,494,764 49,102,874 34,725,150 83,828,024

1.03 Deactivation & Decommission ina
1.03.01 Deactivation & Decommission ina

1.03.01.01 D&D 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052
1.03.01 Deactivation & Decommission ina 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052
1.03 Deactivation & Decommission ina 3,413,728 6,389,751 9,803,479 9,065,573 18,869,052

03b Caustic Side Solvent Extraction - Crossflow Filter 962,788 98,263,598 13,626,969 3,413,728 11,469,493 7,935,696 134,709,483 84,692,667 219,402,150
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01a Fractional Crystallization - Rotary MicroFilter
1.01 Capital Construction

1.01.01 Pro"ect ManaaementlSuDDort

1.01.01.01 Project Manaoement
-80 Pro"ect ManaCiement 133,120 10310543 10,310543 5,308,953 15619,496

1.01.01.01 Pro"ect Manaaement 133120 10,310543 10310543 5308953 15619496
1.01.01.02 Reoulatorv

-81 Reoulatorv 24960 1,994604 1,994604 851091 2,845,695
1.01.01.02 Reoulatol)l 24960 1994604 1994604 851091 2845695

1.01.01.03 Construction Management

-83 Construction Manaaement 34,695 2,779,934 2779,934 1463660 4,243595
1.01.01.03 Construction Mana!=)ement 34695 2779934 2779934 1463660 4243595

1.01.01.04 Procurement Sup~ort

-86 Procurement 8320 503976 503976 240412 744387
1.01.01.04 Procurement Support 8320 503976 503976 240412 744387

1.01.01.05 Acceptance Startup, Testing
-84 Acceptance, Start up and TestinCi 193 14980 14,980 8361 23341

1.01.01.05 Acceptance Startup. Testing 193 14980 14980 8361 23341
1.01.01 Pro"ect ManaaementlSuDDort 201,288 15604037 15604037 7872477 23476514

1.01.02 Enoineerino
1.01.02.01 Conce~tual Desion

-82 Enaineerina 3501455 3501455 1405940 4907395
1.01.02.01 Conceotual Desion 3501455 3501455 1405940 4907395

1.01.02.02 Prelimina~ Design

-82 EnCiineerinCi 5,252,183 5252,183 2238,114 7490297
1.01.02.02 Prelimina~ Design 5252183 5252,183 2238114 7490297

1.01.02.03 Detailed Desion
-82 Enoineerino 10,504,365 10,504365 4875394 15,379759

1.01.02.03 Detailed Desion 10504365 10504365 4875394 15379759
1.01.02.04 Title 3 Engineering

-82 Enaineerina 7,037925 7037,925 3734770 10772695
1.01.02.04 Title 3 Engineering 7037925 7037925 3734770 10772695
1.01.02 EnCiineerinCi 26,295928 26295,928 12254,218 38550,146

1.01.03 Technoloav Soecific Ma·or Eauioment Procurement

1.01.03.01 Eauioment Procurement

-03 Reboiler 451396 451396 276900 728296
-04 Crvstallizer 901088 901088 552755 1,453843
-05 Crvstallizer Recirculation Pumo 106400 106400 65269 171669
-06 Condensor 135,700 135700 83,242 218,942
-07 Condenser Vacuum Pump 19900 19900 12207 32,107
-08 CentrifuCie Feed Pumo 16,200 16,200 9,938 26138
-09 Centrifuae 51,588 51,588 31,646 83,234
-10 Disolver Tank 146,734 146734 90011 236745
-11 Disolver Recirculation Pump 19400 19400 11901 31301
-12 Dissolver DischarCie Pumo 16,200 16200 9938 26138
-13 Disolver Heat Exchanaer 18550 18550 11379 29929
-14 Condensate tank 44,600 44,600 27,359 71,959
-15 Condensate Pump 13,350 13350 8189 21539
-16 Spent Wash Tank 139,190 139190 85383 224573
-17 Soent Wash Pumo 16,200 16,200 9938 26138
-24 Boiler 161,000 161,000 103,222 264,222
-25 Chilled Water System 699,500 699500 448471 1147971
-26 Recirculation AHU & Process Off Gas Ventilation 745,837 745837 478179 1,224016
-27 Vault Ventilation 559378 559378 358634 918012
-52 Rotarv Microfilter 9000,000 9000,000 5770,172 14770,172
-72 Centrifud!=)e Liquor Tank 220222 220222 141191 361,413
-72a CentrifuCie LiCluor Pumo 16,200 16,200 10,386 26586
-73 Hiah sulfate Product Tank 66,188 66,188 42,435 108,623
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-74 Hiah sulfate oroduct oumo 8,100 8100 5193 13,293
1.01.03.01 Eauioment Procurement 13572921 13572921 8643937 22216858
1.01.03 Technolo!=lY Specific Major Equipment Procurement 13572,921 13572921 8643937 22216858

1.01.04 Construction

1.01.04.01 Subcontractor Staff

-99 Field Manaaement 55,600 3,860213 3860,213 2498733 6358,947
-99a Testina 684 42218 13 47 3110 45389 30784 76,173

1.01.04.01 Subcontractor Staff 56284 3902432 13 47 3110 3905602 2529517 6435120
1.01.04.02 Vault

-18 Law Product Tank #1 &#2 1192 74,704 476,034 11,507 562,245 406167 968,413
-19 LAW Product Pump #1 &#2 629 40275 37526 1169 78970 54577 133547
-20 LAW Product Mixer 816 52838 26,600 1689 81127 57362 138,489
-21 Cs Product Tank 624 37388 790263 11714 839365 635763 1475128
-22 Cs Product Pumo 635 41,006 23,360 1,502 65,868 46,731 112,599
-30 Excavation & Backfill 1424 61595 100904 2792 165291 111422 276,713
-31 Concrete Structure 19,765 933,271 693,922 51,610 21941 1700,743 1122,174 2822918
-318 Steel Buildina 514 25,440 33,200 6,724 676 66,040 46,688 112728
-36 Vault liner leak det. sumo Dumo 5,695 358896 290,270 66,069 715,236 514,599 1,229,835
-75 Chemical Stora!=le Tanks 78 4,590 82248 2,084 88922 67300 156222

1.01.04.02 Vault 31373 1630002 2453424 254972 25409 4363807 3062783 7426590
1.01.04.03 Vault Common

-25 Chilled Water SYstem 970 64936 64,936 44,035 108,972
-25a Chiller Pad 292 12055 5812 113 386 18367 11,942 30309
-26 Recirculation AHU & Process Off Gas Ventilation 2,633 176,220 65,060 5,988 247,269 173577 420846
-27 Vault Ventilation 349 23377 23,377 15,853 39,230
-33 Ventilation/samole rooms 2,454 117 882 74,806 3817 833 197338 140,347 337,685
-87 Liquid Effluent to ETF 3206 213779 115,176 10463 386 339804 222272 562076
87a Transfer Line Waste Feed 1,138 75875 26,377 3,693 122 106067 68621 174,689
87b Transfer Line LAW 1702 113615 31212 5262 122 150211 96674 246885
87c Filter Concentrate Return 8,963 598178 137,814 27,788 371 764150 490139 1254290

1.01.04.03 Vault Common 21710 1395918 456257 57125 2220 1911520 1263461 3174981
1.01.04.04 Above Grade

-14a Condensate tank pad 264 10927 5,167 100 341 16,535 10745 27,280
-24 Boiler 483 31,638 1,699 33337 22748 56084
-24b Boiler Pad 140 5771 2733 53 180 8736 5678 14414

1.01.04.04 Above Grade 888 48335 9598 153 521 58608 39171 97779
1.01.04.051st Staae

-01 Feed Receiot Tank 636 38253 283,302 11,015 332,571 240,742 573313
-02 Feed Pump 212 13220 14886 250 28356 19700 48056
-03 Reboiler 978 65415 23,983 1,337 90735 61118 151854
-04 Crvstallizer 1,397 93508 93508 60,821 154,329
-05 Crvstallizer Recirculation Pumo 747 49,476 98,883 1,122 149,480 105,527 255007
-06 Condensor 1147 76743 76743 49916 126659
-07 Condenser Vacuum Pump 180 11535 749 12285 8053 20,337
-08 Centrifuae Feed Pump 390 25600 7432 1043 34075 22867 56942
-09 Centrifuae 390 26072 30,826 1,043 57,941 40332 98273
-10 Disolver Tank 758 45,935 121368 11872 179174 127599 306,774
-11 Disolver Recirculation Pump 242 15,683 11,452 279 27,413 18,804 46217
-12 Dissolver Discharae Pump 171 11015 14,507 198 25,720 17,950 43,670
-12a Disolver Filter 7 438 5,000 5438 3952 9,391
-13 Disolver Heat Exchan!=)er 472 31610 11847 1158 44616 30099 74715
-14 Condensate tank 521 32847 93,441 5,754 132041 94117 226158
-15 Condensate Pump 89 5439 1452 6892 4603 11495
-16 Soenl Wash Tank 533 33320 64,841 6,986 105,147 74,352 179499
-17 Spenl Wash Pump 334 21867 4672 867 27,406 18,285 45691
-72 Centrifudae Liauor Tank 523 32593 63,651 7,162 103406 76,000 179405
-72a Centrifuae Liauor Pump 338 22121 6,772 867 29761 20,816 50576

1.01.04.051st Staae 10063 652691 859065 50954 1562709 1095654 2658363
1.01.04.06 2nd Staae
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-02a Feed line 79 5,279 3,238 250 8768 5992 14,760
-03 Reboiler 978 65,415 23,983 1337 90735 61,118 151,854
-04 Crvstallizer 1397 93508 93508 60821 154329
-05 Crvstallizer Recirculation Pump 747 49476 45,283 1122 95880 66215 162095
-06 Condensor 318 21252 21252 13823 35075
-07 Condenser Vacuum Pumo 180 11535 749 12,285 8,053 20,337
-08 Centrifuqe Feed Pump 379 24899 6372 1043 32314 21634 53948
-09 CentrifuCie 390 26,072 30,826 1,043 57,941 40332 98273
-10 Disolver Tank 779 47,383 123671 11,872 182927 130,231 313,158
-11 Disolver Recirculation Pumo 232 14994 11,387 279 26660 18308 44,968
-12 Dissolver Dischar!=)e Pump 171 11015 14507 198 25720 17 950 43670
-12a Disolver Filter 7 438 5,000 5438 3952 9,391
-13 Disolver Heat Exchanaer 472 31610 11847 1158 44616 30099 74715
-14 Condensate tank 522 32,944 65,426 5,754 104124 73633 177,757
-15 Condensate Pump 79 4820 749 5569 3685 9,254
-16 Spent Wash Tank 531 33,190 64,646 6,986 104,822 74,125 178946
-17 Soent Wash Pumo 72 4304 2759 7,064 4,823 11,887
-72 Centrifudae Liauor Tank 524 32725 64,431 6,986 104,141 76549 180690
-72a Centrifuqe Liquor Pump 338 22121 6772 867 29761 20816 50576
-73 HiClh sulfate Product Tank 361 21,772 64,037 6,317 92126 68313 160,438
-74 Hiah sulfate oroduct oumo 171 11015 6407 198 17620 12497 30118

1.01.04.06 2nd Staae 8725 565769 552092 45410 1163272 812969 1976241
1.01.04.07 Filtration

-07a Rotarv Microfilter Vault 1,831 92550 88,730 21,521 1,873 204673 139148 343822
-52 Rotarv Microfilter 2013 118534 132200 52,022 302756 220,598 523,354

1.01.04.07 Filtration 3844 211084 220930 73543 1873 507429 359747 867176
1.01.04 Construction 132886 8406231 4551379 482204 33133 13472948 9163302 22636249
1.01 Capital Construction 334,174 50306196 4551,379 14055,124 33,133 68,945,833 37933,934 106,879,767

1.020oerations

1.02.00 Start uo
1.02.00.01 Plant Start Up

-88 Start up 59,200 4,851,928 4851,928 2887,149 7739078
1.02.00.01 Plant Start Uo 59200 4851928 4851,928 2887149 7739078
1.02.00 Start uo 59,200 4,851928 4851,928 2887149 7739078

1.02.01 Operations

1.02.01.01 Operations
-850oerations 499200 31532592 16365252 54564080 102461924 71427220 173889144

1.02.01.010oerations 499200 31532592 16365252 54564080 102461924 71427220 173889144
1.02.01.02 Filter Replacement

-52 Rotarv Microfilter 4,182 245435 124,200 9110,896 9480531 8,604355 18084886
-52a Rotarv Microfilter Site Support 2709 205592 205,592 145,298 350,890

1.02.01.02 Filter Reolacement 6891 451027 124200 9110896 9686123 8749653 18435776
1.02.01 Operations 506091 31983619 16,489452 9110896 54564080 112148047 80176873 192324920
1.02 Operations 565,291 36,835547 16,489,452 9,110,896 54,564080 116,999,975 83,064022 200,063998

1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina

1.03.01.01 D&D
-79 D&D 2348214 4,395344 6743,558 6010,737 12754296

1.03.01.01 D&D 2348214 4395344 6743558 6010737 12754296
1.03.01 Deactivation & Decommissionina 2348,214 4,395,344 6,743,558 6010,737 12754296
1.03 Deactivation & Decommissionin!=l 2348214 4395344 6,743558 6,010737 12754296

01a Fractional Crystallization - Rotary MicroFilter 899,465 87,141,743 21,040,831 2,348,214 23,166,021 58,992,557 192,689,366 127,008,694 319,698,061

01 b Fractional Crystallization - Crossflow Filter
1.01 Capital Construction

1.01.01 Pro·ect ManaaementlSuDDort

1.01.01.01 Pro·ect Manaaement

-80 Project Mana!=lement 131840 10211404 10,211,404 5,253620 15465024
1.01.01.01 Project ManaCiement 131840 10211404 10211404 5253620 15465024

1.01.01.02 Reaulatorv
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-81 Reaulatorv 24,960 1,994604 1,994,604 851,091 2845,695
1.01.01.02 Reaulatorv 24960 1994604 1994604 851091 2845695

1.01.01.03 Construction Mana!=)ement

-83 Construction ManaQement 33,895 2,715289 2715289 1427580 4,142868
1.01.01.03 Construction Manaaement 33895 2715289 2715289 1427580 4142868

1.01.01.04 Procurement Suooort

-86 Procurement 8320 503976 503,976 240,412 744,387
1.01.01.04 Procurement Support 8320 503976 503976 240412 744387

1.01.01.05 Acceotance Startup. Testing

-84 Acceotance, Start UP and Testina 193 14980 14980 8361 23341
1.01.01.05 Acceptance Startup, Testina 193 14980 14980 8361 23341
1.01.01 Pro"act ManaQementlSupport 199,208 15440,251 15440251 7781,063 23,221315

1.01.02 Enaineerina

1.01.02.01 Conceotual Desian
-82 Enaineerina 3,229571 3,229571 1,296771 4,526,342

1.01.02.01 Conceptual Design 3229571 3229571 1296771 4526342
1.01.02.02 Prelimina~ Design

-82 Enaineerina 4,844,357 4,844,357 2064,327 6,908,684
1.01.02.02 Preliminarv Desian 4844357 4844357 2064327 6908684

1.01.02.03 Detailed Desian
-82 Enaineerina 9688714 9688714 4496825 14185539

1.01.02.03 Detailed Desian 9688714 9688714 4496825 14185539
1.01.02.04 Title 3 Engineering

-82 EnCiineerinCi 6,491438 6491438 3444770 9936208
1.01.02.04 Title 3 Engineering 6491438 6491,438 3444770 9936208
1.01.02 Enaineerina 24254080 24254080 11302693 35556772

1.01.03 Technolo!=lY Specific Major Equipment Procurement

1.01.03.01 EQuipment Procurement

-03 Reboiler 451396 451396 276900 728296
-04 Crvstallizer 901,088 901088 552,755 1453,843
-05 Crystallizer Recirculation Pump 106400 106400 65269 171,669
-06 Condensor 135,700 135,700 83,242 218942
-07 Condenser Vacuum Pumo 19,900 19900 12,207 32107
-08 Centrifuae Feed Pumo 16,200 16,200 9,938 26138
-09 Centriluae 51588 51588 31646 83234
-10 Disolver Tank 146,734 146734 90011 236745
-11 Disolver Recirculation Pumo 19400 19400 11901 31301
-12 Dissolver Discharae Pumo 16,200 16,200 9938 26138
-13 Disolver Heat Exchan!=ler 18550 18550 11379 29929
-14 Condensate tank 44,600 44600 27,359 71959
-15 Condensate Pumo 13,350 13350 8,189 21,539
-16 Soent Wash Tank 139190 139,190 85383 224573
-17 Spent Wash Pump 16200 16200 9938 26138
-24 Boiler 161000 161,000 103,222 264222
-25 Chilled Water SYstem 699500 699500 448471 1147971
-26 Recirculation AHU & Process Off Gas Ventilation 745,837 745837 478179 1224,016
-27 Vault Ventilation 559378 559378 358,634 918,012
-53 Cross Flow Filter EQuipment 600,000 600,000 384,678 984678
-72 Centrifudae Liauor Tank 220,222 220,222 141,191 361,413
-72a Centrifuae Liauor Pumo 16,200 16,200 10386 26586
-73 Hi!=lh sulfate Product Tank 66188 66188 42435 108623
-74 Hiah sullate oroduct oumo 8,100 8100 5193 13,293

1.01.03.01 E9..!!ioment Procurement 5,172921 5172921 3258443 8431364
1.01.03 Technoloav Soecific Ma·or Eauioment Procurement 5172,921 5172921 3258443 8431364

1.01.04 Construction

1.01.04.01 Subcontractor Staff

-99 Field Manaaement 55,600 3,860,213 3,860,213 2498733 6,358946
-99a Testina 684 42,218 13 47 3,110 45,389 30,784 76,173
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1.01.04.01 Subcontractor Staff 56284 3902432 13 47 3110 3905602 2529517 6435120
1.01.04.02 Vault

-18 Law Product Tank #1 &#2 1192 74704 476034 11507 562245 406167 968413
-19 LAW Product Pump #1 &#2 629 40275 37526 1169 78970 54576 133547
-20 LAW Product Mixer 816 52838 26600 1689 81127 57362 138489
-21 Cs Product Tank 624 37388 790,263 11,714 839,365 635,763 1475128
-22 Cs Product Pump 635 41006 23360 1502 65868 46731 112,599
-30 Excavation & Backfill 1,424 61595 100,904 2792 165,291 111422 276,713
-31 Concrete Structure 19,765 933,271 693922 51,610 21,941 1,700,743 1,122174 2,822918
-318 Steel Buildina 514 25,440 33,200 6,724 676 66040 46688 112728
-36 Vault liner leak det. sump pump 5695 358896 290270 66069 715236 514599 1229835
-75 Chemical StoraQe Tanks 78 4590 82248 2084 88,922 67300 156,222

1.01.04.02 Vault 31373 1630002 2,453424 254972 25409 4363807 3062783 7426590
1.01.04.03 Vault Common

-25 Chilled Water System 970 64936 64936 44035 108,972
-25a Chiller Pad 292 12,055 5,812 113 386 18,367 11,942 30309
-26 Recirculation AHU & Process Off Gas Ventilation 2,633 176,220 65,060 5,988 247,269 173,577 420,846
-27 Vault Ventilation 349 23,377 23377 15853 39,230
-33 Ventilation/sample rooms 2454 117882 74806 3817 833 197338 140347 337685
-87 Liquid Effluent to ETF 3,206 213,779 115,176 10,463 386 339804 222272 562076
87a Transfer Line Waste Feed 1138 75875 26377 3693 122 106067 68621 174689
87b Transfer Line LAW 1,702 113615 31,212 5,262 122 150,211 96,674 246885
87c Filter Concentrate Return 8963 598178 137814 27788 371 764150 490139 1,254290

1.01.04.03 Vault Common 21710 1395918 456257 57125 2220 1911520 1263461 3174981
1.01.04.04 Above Grade

-14a Condensate tank Dad 264 10927 5167 100 341 16,535 10745 27,280
-24 Boiler 483 31638 1699 33337 22748 56084
-24b Boiler Pad 140 5,771 2733 53 180 8,736 5678 14414

1.01.04.04 Above Grade 888 48335 9598 153 521 58608 39171 97779
1.01.04.051st Staoe

-01 Feed Receipt Tank 636 38253 283302 11015 332571 240742 573,313
-02 Feed Pump 212 13,220 14,886 250 28,356 19,700 48056
-03 Reboiler 978 65,415 23,983 1,337 90735 61,118 151,854
-04 Crvstallizer 1,397 93,508 93508 60821 154,329
-05 Crystallizer Recirculation Pump 747 49476 98883 1122 149480 105527 255007
-06 Condensor 1,147 76,743 76743 49916 126659
-07 Condenser Vacuum Pumo 180 11535 749 12285 8053 20337
-08 Centrifuae Feed Pumo 390 25600 7,432 1,043 34,075 22,867 56943
-09 Centrifu!=le 390 26072 30826 1043 57,941 40332 98273
-10 Disolver Tank 758 45935 121,368 11,872 179174 127,599 306,774
-11 Disolver Recirculation Pumo 242 15683 11,452 279 27,413 18804 46,217
-12 Dissolver Discharae Pumo 171 11015 14,507 198 25720 17 950 43670
-12a Disolver Filter 7 438 5,000 5438 3952 9391
-13 Disolver Heat ExchanQer 472 31610 11,847 1,158 44616 30099 74715
-14 Condensate tank 521 32847 93441 5754 132041 94117 226158
-15 Condensate Pumo 89 5,439 1,452 6,892 4,603 11,495
-16 Spent Wash Tank 533 33320 64841 6986 105147 74352 179499
-17 Spent Wash Pump 334 21,867 4,672 867 27,406 18,285 45691
-72 Centrifudae Liauor Tank 523 32593 63,651 7,162 103406 76,000 179405
-72a Centrifuae Liauor Pumo 338 22,121 6772 867 29,761 20816 50576

1.01.04.051st Staqe 10063 652691 859065 50954 1562709 1095654 2658363
1.01.04.06 2nd StaQe

-02a Feed line 79 5279 3238 250 8768 5992 14760
-03 Reboiler 978 65415 23,983 1,337 90,735 61,118 151,854
-04 Crystallizer 1397 93508 93508 60821 154,329
-05 Crvstallizer Recirculation Pump 747 49476 45,283 1,122 95,880 66,215 162095
-06 Condensor 318 21,252 21,252 13823 35075
-07 Condenser Vacuum Pumo 180 11,535 749 12,285 8,053 20,337
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-08 Centrifuae Feed Pumo 379 24899 6,372 1,043 32314 21,634 53,948
-09 Centrifuae 390 26,072 30,826 1,043 57941 40332 98,273
-10 Disolver Tank 779 47383 123671 11872 182927 130231 313158
-11 Disolver Recirculation Pump 232 14994 11387 279 26660 18308 44968
-12 Dissolver Discharae Pump 171 11015 14507 198 25720 17950 43670
-12a Disolver Filter 7 438 5,000 5,438 3952 9,391
-13 Disolver Heat Exchan!=ler 472 31610 11947 1158 44616 30099 74715
-14 Condensate tank 522 32944 65,426 5,754 104124 73633 177757
-15 Condensate Pumo 79 4,820 749 5,569 3685 9,254
-16 SDent Wash Tank 531 33,190 64,646 6,986 104,822 74,125 178,946
-17 Spent Wash Pump 72 4304 2759 7064 4823 11887
-72 CentrifudCle liQuor Tank 524 32725 64,431 6,986 104141 76549 180690
-72a Centrifuae Liauor Pump 338 22121 6772 867 29761 20816 50576
-73 Hiah sulfate Product Tank 361 21,772 64,037 6,317 92126 68,313 160,438
-74 HiDh sulfate product pump 171 11015 6407 198 17620 12497 30,118

1.01.04.06 2nd StaDe 8725 565769 552092 45410 1163272 812969 1976241
1.01.04.07 Filtration

-32 Cross Flow Filter Vault 2,827 131859 89,849 24,091 3,279 249,078 176765 425843
-37 CFF Vault liner leak det. sump pump 794 50063 58825 9182 118069 85711 203780
-53 Cross Flow Filter Eauipment 2305 134455 651,116 48,696 834267 623826 1,458093

1.01.04.07 Filtration 5926 316376 799790 81969 3279 1201414 886302 2087716
1.01.04 Construction 134,968 8511524 5130240 490,630 34539 14166932 9689856 23856789
1.01 Capital Construction 334176 48205855 5,130240 5,663,550 34539 59,034184 32,032055 91,066240

1.02 Operations

1.02.00 Start UD
1.02.00.01 Plant Start UD

-88 Start up 59200 4,851928 4851928 2887149 7739078
1.02.00.01 Plant Start UD 59200 4851928 4,851928 2887149 7739078
1.02.00 Start UD 59200 4851928 4851928 2887149 7739078

1.02.010oerations
1.02.01.01 Operations

-85 Operations 499,200 31,532,592 16,281,673 54,565174 102379,438 71364,496 173743934
1.02.01.010Derations 499200 31532592 16281673 54565174 102379438 71364496 173743934
1.02.010oerations 499,200 31,532,592 16281,673 54,565,174 102379438 71364496 173743934
1.02 Operations 558400 36,384,520 16281673 54565174 107231367 74251645 181483011

1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina

1.03.01.01 D&D
-79 D&D 2,348214 4395344 6,743558 6,010737 12,754296

1.03.01.01 D&D 2348214 4395344 6743558 6010737 12754296
1.03.01 Deactivation & Decommissionina 2,348,214 4395,344 6743,558 6,010,737 12,754,296
1.03 Deactivation & Decommissionina 2348,214 4,395,344 6743558 6,010737 12754,296

01 b Fractional Crvstallization - Crossflow Filter 892,576 84,590,375 21,411,912 2,348,214 5,663,550 58,995,057 173,009,109 112,294,438 285,303,547

02a Ion Exchange - Rotary Micro Filter
1.01 Capital Construction

1.01.01 Pro·ect ManaQementlSupport

1.01.01.01 Pro·ect Manaaement

-80 Pro·ect Manaaement 116,480 9,021725 9021725 4547480 13569206
1.01.01.01 Proiect ManaDement 116480 9021725 9021725 4547480 13569206

1.01.01.02 Reoulatol)'
-81 Reaulatorv 24,960 1,994604 1,994,604 817,249 2811,853

1.01.01.02 Reoulatorv 24960 1994604 1994604 817 249 2811853
1.01.01.03 Construction Mana!=)ement

-83 Construction ManaQement 24,295 1,939542 1939542 994612 2,934153
1.01.01.03 Construction Manaaement 24295 1939542 1939542 994612 2934153

1.01.01.04 Procurement SUDDort

-86 Procurement 8320 503976 503,976 240,412 744,387
1.01.01.04 Procurement Support 8320 503976 503976 240412 744387

1.01.01.05 AcceDtance, StartuD, Testina
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-84 Acceptance Start UP and Testina 193 14980 14,980 7,946 22926
1.01.01.05 Acceotance Startuo. Testino 193 14980 14980 7946 22926
1.01.01 Project ManaqementiSupport 174248 13474826 13474826 6607699 20082525

1.01.02 EnCiineerinCi

1.01.02.01 Conceptual Desian

-82 Enaineerina 3,071,157 3071,157 1233,163 4304,320
1.01.02.01 Conceptual Desiqn 3071157 3071157 1233163 4304320

1.01.02.02 Prelimina~Desicm

-82 Enaineerina 4606,736 4,606736 1,963070 6,569,805
1.01.02.02 Preliminary Desian 4606736 4606736 1963070 6569805

1.01.02.03 Detailed Desiqn

-82 Enaineerina 9,213,472 9,213472 4,276,251 13,489,723
1.01.02.03 Detailed Desian 9,213472 9213472 4276251 13489723

1.01.02.04 Title 3 Engineerina
-82 Enqineerinq 6,142314 6,142314 3,175148 9,317,463

1.01.02.04 Title 3 Engineering 6142314 6142314 3175148 9317463
1.01.02 Enaineerina 23033,679 23,033,679 10,647,631 33,681,310

1.01.03 Technoloav Soecific Ma"or Eauioment Procurement

1.01.03.01 Equipment Procurement

-25 Chilled Water System 136,000 136000 83427 219427
-26 Recirculation AHU & Process Off Gas Ventilation 745837 745837 457519 1203356
-27 Vault Ventilation 559,378 559,378 343,139 902517
-38 IX Column 200,000 200000 122686 322686
-40 Spent Resin Accumulation Tank & Condenser 76,388 76388 46859 123247
-41 Spent Resin Pump 810 810 497 1,307
-52 Rotarv Microfilter 3000,000 3,000,000 1,840,291 4840,291
-54 Feed Heat Exchan!=)er 17500 17 500 10735 28235
-54a Disposal Cask Vaper Condensor 11,100 11100 6,809 17,909

1.01.03.01 E9..!!ioment Procurement 4747013 4747013 2911961 7658974
1.01.03 Technoloav Soecific Ma·or Eauioment Procurement 4747013 4747013 2911961 7658974

1.01.04 Construction

1.01.04.01 Subcontractor Staff

-99 Field Manaaement 45,200 3,138,159 3,138159 2009086 5,147,245
-99a Testina 663 41,002 7 26 3,730 44,765 29,119 73884

1.01.04.01 Subcontractor Staff 45863 3179161 7 26 3730 3182924 2038205 5221129
1.01.04.02 Vault

-01 Feed Receiot Tank 737 43842 292214 14368 350423 253372 603795
-02 Feed Pumo 370 23894 8,570 867 33,332 22,463 55795
-06 Condensor 194 12,987 14700 27687 19,229 46916
-18 Law Product Tank #1 & #2 1,533 94 599 663,355 23,435 781,390 565,243 1346633
-19 LAW Product Pumo #1 &#2 777 51089 23,822 2,087 76998 52232 129,229
-21 Cs Product Tank 846 51,262 820,688 14,492 886442 645888 1532,330
-22 Cs Product Pump 383 24705 18326 836 43868 30123 73991
-30 Excavation & Backfill 2,423 104,750 168,411 5,338 278,499 187603 466,102
-31 Concrete Structure 14864 703,264 624380 49595 18774 1396014 926257 2322271
-36 Vault liner leak det. sumo oumo 5,695 358896 290,270 66,069 715236 494,787 1210,023
-38 IX Column 3027 181113 623361 49381 853855 611211 1,465,065
-39 Soent Resin Disoosal Cask 400 Clal caoacitv 467 31,257 2,629 493,954 527,839 384,539 912378
-40 Soent Resin Accumulation Tank & Condenser 597 37636 610,770 5,524 653930 476488 1,130,418
-41 Soent Resin Pumo 113 7539 6,108 319 13966 9,618 23584
-42 Resin Screen 1 72 28 99 67 166
-50 Resin 92 5854 15842 1223 22920 16324 39,245
-51 Valve Vault 2066 116336 616000 53751 786087 566884 1352971
-54 Feed Heat Exchanaer 262 17541 10,811 638 28,990 19,806 48795
-54a Disposal Cask Vaper Condensor 242 16205 10811 638 27654 18,937 46591
-62 AQitator 105 6,202 18,494 24696 17 598 42,294

1.01.04.02 Vault 34794 1889044 4,671180 945586 24112 7529922 5318669 12848591
1.01.04.03 Vault Common
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-25 Chilled Water SYstem 537 35965 35965 23,393 59357
-25a Chiller Pad 111 4,592 2156 42 142 6931 4,504 11,435
-26 Recirculation AHU & Process Off Gas Ventilation 2744 181814 65516 5988 253319 170701 424020
-27 Vault Ventilation 534 33,922 5306 39228 25955 65183
-33 Ventilation/sample rooms 2454 117 882 74806 3817 833 197338 134880 332219
-34 Chemical Storaae Containment Basins 1,707 72,450 48,732 1,015 762 122,959 84,106 207,065
-43 Bulk NaOH 50 wt% 223 13972 141674 2005 157651 114,466 272117
-44 0.1 M NaOH 179 11198 27,719 1,503 40420 28716 69136
-45 0.5 M NaOH 189 11,813 31,692 1,503 45,008 32030 77 039
-46 Bulk HN03 239 15,160 131,220 1842 148,222 107453 255675
-470.45 M HN03 254 16093 140764 2088 158945 115240 274185
-48 Bulk NaN02 20 wt% 131 8224 22318 623 31165 22175 53,341
-49 Water Tank 518 33866 47563 2411 83840 58680 142520
87a Transfer Line Waste Feed 1,138 75,875 26,377 3,693 122 106,067 68621 174,689
87b Transfer Line LAW 1702 113615 31212 5262 122 150211 96674 246,885

1.01.04.03 Vault Common 12662 746441 797058 31791 1982 1577 271 1087593 2664864
1.01.04.04 Above Grade

-35 Ion Exc Resin & cask containment 620 27464 25795 906 172 54,337 36092 90429
1.01.04.04 Above Grade 620 27464 25795 906 172 54337 36092 90429

1.01.04.07 Filtration
-52 Rotarv Microfilter 11877 702306 132200 317134 156563 1308203 888190 2196393

1.01.04.07 Filtration 11877 702306 132200 317134 156563 1308203 888190 2196393
1.01.04 Construction 105,817 6544416 5,626239 1295444 186559 13652658 9368748 23021406
1.01 Capital Construction 280,065 43,052921 5,626,239 6,042,456 186559 54908176 29,536,040 84444216

1.020oerations

1.02.00 Start UD
1.02.00.01 Plant Start Up

-88 Start up 48,528 3,977 270 3,977,270 2235,904 6,213174
1.02.00.01 Plant Start UD 48528 3977 270 3977 270 2235904 6213174
1.02.00 Start UD 48528 3977 270 3977 270 2235904 6213174

1.02.01 Operations
1.02.01.01 Operations

-850oerations 499,200 31,940,438 7406,751 2,240037 41,587,227 27,475,545 69,062772
1.02.01.010Derations 499200 31940438 7406751 2240037 41587227 27475545 69062772

1.02.01.02 Filter Replacement

-52 Rotarv Microfilter 2086 121393 124,200 3054,564 3,300157 2889542 6,189700
-52a Rotarv Microfilter Site Support 2709 205592 205592 138904 344497

1.02.01.02 Filter Reolacement 4795 326985 124200 3054564 3505749 3028447 6534196
1.02.01 Operations 503,995 32267,423 7,530951 3,054,564 2240037 45092977 30503991 75596968
1.02 Operations 552,523 36244,693 7,530,951 3,054,564 2,240,037 49070247 32739895 81810142

1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina

1.03.01.01 D&D

-79 D&D 2161131 4,045165 6,206297 5,328,914 11535,211
1.03.01.01 D&D 2161131 4,045165 6206297 5328914 11535211
1.03.01 Deactivation & Decommissionina 2161131 4045165 6206297 5328914 11535211
1.03 Deactivation & Decommissionin!=l 2,161,131 4045165 6,206297 5,328914 11,535,211

02a Ion Exchange - Rotarl1 Micro Filter 832,588 79,297,614 13,157,191 2,161,131 9,097,021 6,471,762 110,184,719 67,604,849 177,789,568

02b Ion Exchange - Crossflow Filter
1.01 Capital Construction

1.01.01 Pro·ect ManaaementiSuDDort

1.01.01.01 Pro·ect Manaaement

-80 Project Mana!=lement 116480 9,021725 9,021725 4547480 13,569206
1.01.01.01 Pro·ect Management 116480 9021725 9021725 4547480 13569206

1.01.01.02 Reaulatorv
-81 Reoulatorv 24,960 1,994604 1994,604 817 249 2811,853

1.01.01.02 Reaulatorv 24960 1994604 1994604 817249 2811853
1.01.01.03 Construction ManaCiement
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-83 Construction Manaaement 24,295 1,939542 1,939542 994,612 2934,153
1.01.01.03 Construction Manaaement 24295 1939542 1939542 994612 2934153

1.01.01.04 Procurement Support

-86 Procurement 8,320 503,976 503976 240412 744387
1.01.01.04 Procurement Support 8320 503976 503976 240412 744387

1.01.01.05 AcceDtance StartuD. TestinD
-84 Acceptance Start up and Testin!=l 193 14980 14,980 7,946 22,926

1.01.01.05 Acceptance, Startup, TestinCi 193 14980 14980 7946 22926
1.01.01 Pro"ect ManaaementlSuDDort 174248 13474,826 13,474,826 6,607,699 20,082,525

1.01.02 Enaineerina
1.01.02.01 Conceptual Desiqn

-82 Enaineerina 2,722,775 2,722,775 1093,277 3,816052
1.01.02.01 Conceptual Desian 2722775 2722775 1093277 3816052

1.01.02.02 Preliminarv Desian

-82 Enqineerinq 4,084163 4,084163 1,740385 5,824,549
1.01.02.02 Prelimina~ Desicm 4084163 4084163 1740385 5824549

1.01.02.03 Detailed Desian
-82 Enaineerina 8,168326 8168,326 3,791,167 11,959,494

1.01.02.03 Detailed Desiqn 8168326 8168326 3791167 11959494
1.01.02.04 Title 3 Engineering

-82 Enaineerina 5445551 5445551 2814970 8260521
1.01.02.04 Title 3 Engineerina 5445551 5445551 2814970 8260521
1.01.02 Enqineerinq 20420815 20420815 9439800 29860615

1.01.03 TechnoloclV Specific Ma"or Eauipment Procurement

1.01.03.01 E9..!!ioment Procurement

-25 Chilled Water SYstem 136,000 136000 83427 219,427
-26 Recirculation AHU & Process Off Gas Ventilation 745837 745837 457519 1203356
-27 Vault Ventilation 559378 559378 343139 902517
-38 IX Column 200000 200000 122686 322686
-40 Soent Resin Accumulation Tank & Condenser 76,388 76388 46859 123247
-41 Spent Resin Pump 810 810 497 1,307
-53 Cross Flow Filter EQuipment 200,000 200,000 122,686 322686
-54 Feed Heat Exchanaer 17,500 17,500 10735 28,235
-54a Disoosal Cask Vaoer Condensor 11,100 11,100 6809 17,909

1.01.03.01 EQuipment Procurement 1947013 1947013 1194357 3141369
1.01.03 TechnoloQV Specific Ma·or EQuipment Procurement 1,947,013 1947013 1194357 3,141369

1.01.04 Construction

1.01.04.01 Subcontractor Staff

-99 Field Mana!=lement 46800 3249244 3,249,244 2,094634 5343878
-99a TestinQ 663 41002 7 26 3730 44765 29,119 73884

1.01.04.01 Subcontractor Staff 47463 3290246 7 26 3730 3294009 2123753 5417762
1.01.04.02 Vault

-01 Feed Receipt Tank 737 43842 292214 14368 350423 253372 603795
-02 Feed Pump 370 23,894 8,570 867 33332 22,463 55795
-06 Condensor 194 12987 14700 27687 19229 46916
-18 Law Product Tank #1 &#2 1,533 94,599 663,355 23,435 781390 565243 1346,633
-19 LAW Product Pump #1 &#2 777 51089 23822 2087 76998 52232 129,229
-21 Cs Product Tank 846 51,262 820,688 14,492 886,442 645,888 1532330
-22 Cs Product Pumo 383 24,705 18,326 836 43,868 30123 73,991
-30 Excavation & Backfill 2,423 104,750 168,411 5,338 278,499 187,603 466102
-31 Concrete Structure 14864 703264 624380 49595 18774 1396014 926257 2322271
-36 Vault liner,leak det. sump pump 5695 358896 290,270 66,069 715236 494787 1,210023
-38 IX Column 3027 181113 623361 49381 853855 611211 1465065
-39 Soent Resin Disoosal Cask 400 aal caoacitv 467 31,257 2,629 493,954 527,839 384,539 912378
-40 Spent Resin Accumulation Tank & Condenser 597 37636 610770 5,524 653,930 476,488 1,130,418
-41 Spent Resin Pump 113 7539 6,108 319 13,966 9618 23584
-42 Resin Screen 1 72 28 99 67 166
-50 Resin 92 5,854 15,842 1,223 22,920 16,324 39,245
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-51 Valve Vault 2,066 116336 616,000 53,751 786,087 566,884 1,352971
-54 Feed Heat Exchanaer 262 17 541 10,811 638 28,990 19,806 48,795
-54a Disposal Cask Vaper Condensor 242 16205 10811 638 27654 18937 46591
-62 ADitator 105 6202 18,494 24696 17598 42294

1.01.04.02 Vault 34794 1889044 4671180 945586 24112 7529922 5318669 12848591
1.01.04.03 Vault Common

-25 Chilled Water System 537 35965 35,965 23393 59357
-25a Chiller Pad 111 4592 2,156 42 142 6,931 4504 11435
-26 Recirculation AHU & Process Off Gas Ventilation 2744 181,814 65,516 5,988 253319 170,701 424,020
-27 Vault Ventilation 534 33,922 5306 39,228 25955 65,183
-33 Ventilation/sample rooms 2,454 117 882 74806 3817 833 197338 134880 332219
-34 Chemical StoraQe Containment Basins 1707 72450 48,732 1015 762 122959 84106 207,065
-43 Bulk NaOH 50 wt% 223 13972 141674 2005 157651 114466 272117
-44 0.1 M NaOH 179 11,198 27,719 1,503 40420 28,716 69,136
-45 0.5 M NaOH 189 11813 31692 1503 45008 32030 77 039
-46 Bulk HN03 239 15,160 131,220 1,842 148,222 107,453 255675
-470.45 M HN03 254 16093 140,764 2088 158945 115,240 274,185
-48 Bulk NaN02, 20 wt% 131 8224 22,318 623 31,165 22175 53341
-49 Water Tank 518 33866 47563 2,411 83840 58680 142520
87a Transfer Line Waste Feed 1,138 75875 26,377 3,693 122 106067 68621 174689
87b Transfer Line LAW 1702 113615 31212 5262 122 150211 96674 246885
87c Filter Concentrate Return 8,963 598178 137,814 27,788 371 764,150 490,139 1254290

1.01.04.03 Vault Common 21625 1344619 934871 59579 2352 2341421 1577 732 3919153
1.01.04.04 Above Grade

-35 Ion Exc Resin & cask containment 620 27464 25,795 906 172 54,337 36092 90,429
1.01.04.04 Above Grade 620 27464 25795 906 172 54337 36092 90429

1.01.04.07 Filtration
-32 Cross Flow Filter Vault 2573 120853 89,849 6,489 2644 219835 150984 370,819
-37 CFF Vault liner leak det. sumo Dump 794 50063 58825 9182 118069 82440 200509
-53 Cross Flow Filter Eauioment 2,224 129029 527,023 47,464 703516 505270 1208786

1.01.04.07 Filtration 5590 299945 675697 63134 2644 1041420 738694 1780114
1.01.04 Construction 110093 6,851318 6,307550 1,069232 33011 14261,111 9794,940 24056,050
1.01 Caoital Construction 284,341 40,746959 6,307,550 3,016,245 33011 50,103765 27,036795 77,140,560

1.020oerations
1.02.00 Start up

1.02.00.01 Plant Start Up

-88 Start UP 48528 3977 270 3977 270 2235904 6213174
1.02.00.01 Plant Start UD 48528 3977 270 3977 270 2235904 6213174
1.02.00 Start up 48,528 3977,270 3977 270 2235904 6213174

1.02.01 Operations

1.02.01.010Derations
-850oerations 499,200 31,940,438 7,407,211 2240,395 41588,045 27476112 69,064156

1.02.01.01 Operations 499200 31940438 7407211 2240395 41588045 27476112 69064156
1.02.01 Operations 499,200 31,940438 7,407,211 2240395 41588045 27,476112 69064156
1.02 Qoerations 547728 35917 708 7407211 2240395 45565315 29712015 75277 330

1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionin!=l

1.03.01.01 D&D
-79 D&D 2161,131 4045165 6,206,297 5,328,914 11,535,211

1.03.01.01 D&D 2161131 4045165 6206297 5328914 11535211
1.03.01 Deactivation & Decommissionin!=l 2161131 4045165 6206297 5328914 11535211
1.03 Deactivation & DecommissioninQ 2,161,131 4,045165 6,206297 5328914 11,535,211

02b Ion Exchange - Crossflow Filter 832,069 76,664,668 13,714,762 2,161,131 3,016,245 6,318,571 101,875,376 62,077,724 163,953,101

03a Caustic Side Solvent Extraction - Rotar}! Micro Filter
1.01 Caoital Construction

1.01.01 Pro·ect ManaaementlSuooort

1.01.01.01 Proiect Manaqement
-80 Pro·ect ManaQement 120,640 9,343,930 9,343,930 4,812,503 14,156,433
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1.01.01.01 Pro"act Management 120640 9,343930 9343930 4812,503 14156433
1.01.01.02 Reaulatarv

-81 Reoulatarv 24960 1,994604 1994604 851091 2845695
1.01.01.02 Reaulatarv 24960 1994604 1994604 851091 2845695

1.01.01.03 Construction Manaaement

-83 Construction Manaaement 26,895 2149640 2149,640 1111,874 3261,514
1.01.01.03 Construction Management 26895 2149640 2149640 1111874 3261514

1.01.01.04 Procurement Support

-86 Procurement 8,320 503,976 503976 240,412 744,387
1.01.01.04 Procurement Support 8320 503976 503976 240412 744387

1.01.01.05 Acceptance Startup, Testino
-84 Acceptance, Start up and Testina 193 14980 14,980 8361 23,341

1.01.01.05 Acceptance, Startup, Testing 193 14980 14980 8361 23341
1.01.01 Pro"act ManaaementlSuDDort 181008 14007129 14007129 7024241 21031370

1.01.02 Enoineerino
1.01.02.01 Conceptual Design

-82 Enaineerina 4,944,282 4,944,282 1,985,279 6,929561
1.01.02.01 Canceatual Desian 4944282 4944282 1985279 6929561

1.01.02.02 Preliminarv Desion
-82 Enaineerina 7,416,423 7416423 3160362 10,576786

1.01.02.02 Preliminarv Design 7,416423 7416423 3160362 10576786
1.01.02.03 Detailed Desian

-82 Enoineerino 14,832847 14,832847 6,884373 21,717220
1.01.02.03 Detailed Desian 14832847 14832847 6884373 21717220

1.01.02.04 Title 3 Engineering

-82 Enaineerina 9,888564 9,888,564 5152439 15041,003
1.01.02.04 Title 3 Engineering 9888564 9888564 5152439 15041003
1.01.02 EnCiineerinCi 37082117 37082117 17,182453 54,264570

1.01.03 Technoloav Soecific Ma"or Eauioment Procurement

1.01.03.01 E9..!:!ioment Procurement

-25 Chilled Water System 136000 136000 83427 219,427
-26 Recirculation AHU & Process Off Gas Ventilation 745,837 745,837 457,519 1203356
-26a Off Gas Adsorber 34,670 34,670 21,268 55,938
-27 Vault Ventilation 559,378 559,378 343139 902,517
-52 Rotary Microfilter 3000000 3,000000 1840291 4840291
-54 Feed Heat ExchanCier 12900 12,900 25800 15827 41,627
-55 Solvent Heat Exchanaer 64972 64972 39856 104828
-56 Solvent Hold Tank 39,543 39,543 24,257 63800
-57 Salvent Pum p 8100 8100 4,969 13069
-58 Extraction Contactor 2,912,000 2912,000 1786309 4698,309
-59 Scrub Contactors 832,000 832000 510,374 1,342374
-60 Wash Contactors 416,000 416,000 255,187 671,187
-61 Strip pin!=) Contactors 4784000 4784000 2934650 7718650
-63 LAW Product Decanter 52561 52561 33698 86,259
-63a CS Product Decanter 52561 52561 33698 86259
-64 Striaaina Feed Tank 39,543 39,543 25352 64,895
-65 Strippino Feed Tank Pump 8100 8100 5193 13,293

1.01.03.01 E9..!:!ipment Procurement 12900 13698165 13711065 8415014 22126078
1.01.03 Technoloav Soecific Ma·or Eauioment Procurement 12900 13,698165 13,711,065 8,415,014 22126,078

1.01.04 Construction

1.01.04.01 Subcontractor Staff

-99 Field ManaCiement 67600 4,693,353 4,693353 3,073927 7767280
-99a Testina 683 42173 14 50 3110 45347 30756 76103

1.01.04.01 Subcontractor Staff 68283 4735526 14 50 3110 4738700 3104683 7843383
1.01.04.02 Vault

-01 Feed Receipt Tank 640 39,090 232,980 9,146 281,217 203009 484226
-02 Feed Pumo 256 16188 19,894 250 36,333 25,304 61636
-18 Law Praduct Tank #1 &#2 759 47,227 531,985 10,281 589,493 428,432 1,017,925
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-19 LAW Product PumD #1 &#2 629 40,275 37,526 1,169 78970 54,576 133,547
-20 LAW Product Mixer 816 52838 26,600 1,689 81,127 55115 136,242
-21 Cs Product Tank 875 52,965 1481974 15167 1550106 1132499 2682605
-22 Cs Product Pump 625 40046 36,823 1169 78038 53912 131,949
-30 Excavation & Backfill 3695 159759 253937 8,659 422355 284386 706741
-31 Concrete Structure 45,456 2137604 1,435,598 118,028 34223 3725,453 2451,511 6176964
-54 Feed Heat Exchan!=)er 58 3896 3896 2534 6430
-55 Solvent Heat ExchanQer 50 3340 64,972 68312 49825 118136
-56 Solvent Hold Tank 643 38,703 127058 11,475 177,236 126,778 304,013
-57 Solvent Pum D 184 11351 5977 157 17 485 11,882 29,368
-58 Extraction Contactor 5,075 337824 5306 343130 223623 566753
-59 Scrub Contactors 1,582 104053 5306 109359 71571 180930
-60 Wash Contactors 883 57299 5306 62605 41160 103765
-61 Striooina Contactors 8,220 548,218 5,306 553524 360,469 913,994
-62 Aqitator 105 6202 18494 24,696 18282 42,978
-63 LAW Product Decanter 231 15,160 10,811 1,680 27,651 19,788 47439
-63a CS Product Decanter 231 15,160 10,811 1,680 27,651 19788 47,439
-64 StriDDino Feed Tank 536 32566 97738 9,010 139,314 103333 242,647
-65 Strippinq Feed Tank Pump 399 24,838 24006 638 49482 35601 85083

1.01.04.02 Vault 71947 3784601 4184472 435478 42882 8447433 5773377 14220810
1.01.04.03 Vault Common

-25 Chilled Water SYstem 537 35965 35,965 23,393 59,357
-25a Chiller Pad 118 4874 2288 44 150 7357 4780 12137
-26 Recirculation AHU & Process Off Gas Ventilation 2,753 182381 67,466 5,988 255,836 172500 428,336
-26a Off Gas Adsorber 359 22233 5306 27,539 18353 45,892
-27 Vault Ventilation 534 33,922 5306 39,228 25955 65,183
-33 Ventilation/sample rooms 2,454 117 882 74806 3817 833 197338 134880 332219
-34 Chemical StoraQe Containment Basins 2542 116,397 76,433 2153 1567 196550 134364 330914
-49 Water Tank 302 19387 53405 1905 74697 53176 127872
-66 Bulk NaOH 264 16722 141,751 1,718 160,190 120,538 280,728
-67 .01 M NaOH 249 15518 108221 2471 126211 94775 220,986
-680.5 M HN03 302 19,064 124,588 2,876 146,528 109,945 256473
-69 0.001 M NaOH 316 19960 139,274 2921 162156 121765 283,921
-70 HN03 213 13,654 37,649 805 52108 38,528 90636
-71 NaN02 138 8,561 41014 915 50491 37719 88210
87a Transfer Line Waste Feed 1,138 75875 26,377 3,693 122 106067 68621 174689
87b Transfer Line LAW 1702 113615 31212 5262 122 150211 96674 246885

1.01.04.03 Vault Common 13922 816010 935096 34570 2795 1788470 1255965 3044436
1.01.04.07 Filtration

-52 Rotarv Microfilter 11,877 702306 132,200 317,134 156563 1308203 888190 2196393
1.01.04.07 Filtration 11877 702306 132200 317134 156563 1308203 888190 2196393
1.01.04 Construction 166,030 10038443 5251,783 787,231 205,350 16282806 11022,215 27,305021
1.01 Capital Construction 347038 61127688 5264,683 14485396 205350 81083116 43643923 124727039

1.02 Operations

1.02.00 Start UD
1.02.00.01 Plant Start UD

-88 Start up 72800 5,966561 5,966561 3,573128 9,539,688
1.02.00.01 Plant Start Up 72800 5966561 5966561 3573128 9539688
1.02.00 Start UD 72800 5966,561 5,966,561 3,573,128 9,539,688

1.02.010oerations

1.02.01.01 Operations
-85 Operations 540800 34,019398 7621680 1,494396 43135474 31151390 74,286863

1.02.01.010Derations 540800 34019398 7621680 1494396 43135474 31151390 74286863
1.02.01.02 Filter Reolacement

-52 Rotary Microfilter 2086 121393 124200 3,054564 3,300157 3,097,452 6,397610
-52a Rotarv Microfilter Site Support 2,709 205592 205,592 151,857 357449

1.02.01.02 Filter Reolacement 4795 326985 124200 3054564 3505749 3249309 6755058
1.02.010oerations 545,595 34,346,383 7,745,880 3,054,564 1,494,396 46,641,223 34,400,699 81,041,922
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1.020oerations 618,395 40,312944 7745,880 3,054,564 1494396 52607,784 37,973,826 90,581,610
1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionin~

1.03.01.01 D&D
-79 D&D 3413728 6389751 9803479 9065573 18869052

1.03.01.01 D&D 3413728 6389751 9803479 9065573 18869052
1.03.01 Deactivation & Decommissionin!=l 3413728 6389751 9803479 9065573 18869052
1.03 Deactivation & DecommissioninQ 3413728 6,389751 9803479 9065,573 18869052

03a Caustic Side Solvent Extraction - Rotary 965,433 101,440,632 13,010,562 3,413,728 17,539,960 8,089,496 143,494,379 90,683,322 234,177,701

Micro Filter

03b Caustic Side Solvent Extraction - Crossflow Filter
1.01 Capital Construction

1.01.01 Pro"ect ManaaementlSuDDort

1.01.01.01 Project Manaoement
-80 Pro"ect ManaQement 120320 9319145 9319145 4,798670 14,117 815

1.01.01.01 Pro"ect Manaaement 120320 9,319145 9319145 4798670 14117815
1.01.01.02 Reoulatorv

-81 Reoulatorv 24960 1994604 1,994604 851091 2,845695
1.01.01.02 Reoulatol)l 24960 1994604 1994604 851091 2845695

1.01.01.03 Construction Management

-83 Construction Manaaement 24,295 1,939,542 1939,542 994,612 2934153
1.01.01.03 Construction Mana!=)ement 24295 1939542 1939542 994612 2934153

1.01.01.04 Procurement Sup~ort

-86 Procurement 8320 503976 503976 240412 744387
1.01.01.04 Procurement Support 8320 503976 503976 240412 744387

1.01.01.05 Acceptance Startup, Testing
-84 Acceptance, Start up and TestinCi 193 14,980 14,980 8,361 23341

1.01.01.05 Acceptance Startuo. Testing 193 14980 14980 8361 23341
1.01.01 Pro'ect ManaaementlSuooort 178,088 13772,246 13,772,246 6893145 20,665391

1.01.02 Enoineerino
1.01.02.01 Conce~tual Desion

-82 Enaineerina 4614004 4614004 1852662 6466666
1.01.02.01 Conceotual Desion 4614004 4614004 1852662 6466666

1.01.02.02 Prelimina~ Design

-82 Enaineerina 6,806,765 6806765 2900569 9707334
1.01.02.02 Prelimina~ Design 6806765 6806765 2900569 9707334

1.01.02.03 Detailed Desion
-82 Enoineerino 13613530 13613530 6,318451 19931982

1.01.02.03 Detailed Desion 13613530 13613530 6318451 19931982
1.01.02.04 Title 3 Engineering

-82 Enaineerina 9,075687 9075687 4728889 13804576
1.01.02.04 Title 3 Engineering 9075687 9075687 4728889 13804576
1.01.02 Enaineerina 34,109986 34109,986 15800,571 49910,557

1.01.03 Technoloav Soecific Ma'or Eauioment Procurement

1.01.03.01 Eauioment Procurement

-25 Chilled Water System 136000 136000 83427 219427
-26 Recirculation AHU & Process Off Gas Ventilation 745,837 745837 457519 1,203356
-26a Off Gas Adsorber 34670 34670 21268 55938
-27 Vault Ventilation 559,378 559,378 343,139 902517
-53 Cross Flow Filter Equipment 200,000 200000 122686 322686
-54 Feed Heat Exchanaer 12,900 12,900 25,800 15,827 41627
-55 Solvent Heat Exchanaer 64,972 64,972 39856 104 828
-56 Solvent Hold Tank 39543 39,543 24,257 63800
-57 Solvent Pum p 8100 8100 4969 13069
-58 Extraction Contactor 2912000 2912000 1786309 4,698,309
-59 Scrub Contactors 832000 832000 510374 1342374
-60 Wash Contactors 416,000 416,000 255,187 671,187
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-61 Striooina Contactors 4,784,000 4,784,000 2934,650 7,718,650
-63 LAW Product Decanter 52561 52561 33698 86,259
-63a CS Product Decanter 52,561 52561 33698 86259
-64 Strippino Feed Tank 39,543 39543 25352 64895
-65 Strippino Feed Tank Pump 8100 8100 5193 13293

1.01.03.01 E9..!:!ioment Procurement 12900 10898165 10911065 6697409 17608474
1.01.03 Technolo!=lY Specific Major Equipment Procurement 12900 10,898165 10911065 6697409 17608474

1.01.04 Construction

1.01.04.01 Subcontractor Staff

-99 Field Manaaement 69,200 4,804438 4,804,438 3139,041 7,943,479
-99a Testinq 683 42173 14 50 2490 44727 30336 75062

1.01.04.01 Subcontractor Staff 69883 4846611 14 50 2490 4849165 3169376 8018541
1.01.04.02 Vault

-01 Feed Receiot Tank 640 39,090 232,980 9,146 281217 203,009 484,226
-02 Feed Pump 256 16188 19894 250 36333 25304 61,636
-18 Law Product Tank #1 & #2 759 47,227 531,985 10,281 589,493 428,432 1017925
-19 LAW Product Pump #1 &#2 629 40,275 37,526 1,169 78970 54,576 133,547
-20 LAW Product Mixer 816 52838 26,600 1,689 81,127 55115 136,242
-21 Cs Product Tank 875 52,965 1481974 15167 1550106 1132499 2682605
-22 Cs Product Pump 625 40046 36,823 1169 78038 53912 131,949
-30 Excavation & Backfill 3695 159759 253937 8,659 422355 284386 706741
-31 Concrete Structure 45,456 2137604 1,435,598 118,028 34223 3725,453 2451,511 6176964
-54 Feed Heat Exchan!=)er 58 3896 3896 2534 6430
-55 Solvent Heat Exchanaer 50 3340 64,972 68312 49825 118136
-56 Solvent Hold Tank 643 38,703 127058 11,475 177,236 126,778 304,013
-57 Solvent Pum D 184 11351 5977 157 17 485 11,882 29,368
-58 Extraction Contactor 5,075 337824 5306 343130 223623 566753
-59 Scrub Contactors 1,582 104053 5306 109359 71571 180930
-60 Wash Contactors 883 57299 5306 62605 41160 103765
-61 Striooina Contactors 8,220 548,218 5,306 553524 360,469 913,994
-62 Aqitator 105 6202 18494 24,696 18282 42,978
-63 LAW Product Decanter 231 15,160 10,811 1,680 27,651 19,788 47439
-63a CS Product Decanter 231 15,160 10,811 1,680 27,651 19788 47,439
-64 Striooino Feed Tank 536 32566 97738 9,010 139,314 103333 242,647
-65 Strippinq Feed Tank Pump 399 24,838 24006 638 49482 35601 85083

1.01.04.02 Vault 71947 3784601 4184472 435478 42882 8447433 5773377 14220810
1.01.04.03 Vault Common

-25 Chilled Water SYstem 537 35965 35,965 23,393 59,357
-25a Chiller Pad 118 4874 2288 44 150 7357 4780 12137
-26 Recirculation AHU & Process Off Gas Ventilation 2,753 182381 67,466 5,988 255,836 172500 428,336
-26a Off Gas Adsorber 359 22233 5306 27,539 18353 45,892
-27 Vault Ventilation 534 33,922 5306 39,228 25955 65,183
-33 Ventilation/sample rooms 2,454 117 882 74806 3817 833 197338 134880 332219
-34 Chemical StoraQe Containment Basins 2542 116,397 76,433 2153 1567 196550 134365 330914
-49 Water Tank 302 19387 53405 1905 74697 53176 127872
-66 Bulk NaOH 264 16722 141,751 1,718 160,190 120,538 280,728
-67 .01 M NaOH 249 15518 108221 2471 126211 94775 220,986
-680.5 M HN03 302 19,064 124,588 2,876 146,528 109,945 256473
-69 0.001 M NaOH 316 19960 139,274 2921 162156 121765 283,921
-70 HN03 213 13,654 37,649 805 52108 38,528 90636
-71 NaN02 138 8,561 41014 915 50491 37719 88210
87a Transfer Line Waste Feed 1,138 75875 26,377 3,693 122 106067 68621 174689
87b Transfer Line LAW 1702 113615 31212 5262 122 150211 96674 246885
87c Filter Concentrate Return 8,963 598178 137,814 27,788 371 764,150 490,139 1254290

1.01.04.03 Vault Common 22886 1414188 1,072910 62357 3165 2552621 1746105 4298726
1.01.04.07 Filtration

-32 Cross Flow Filter Vault 2573 120,853 89,849 6,489 2644 219835 150,984 370,819
-37 CFF Vault liner, leak det., sumo oumo 1,588 100,125 117,649 18,363 236,138 164,880 401,018
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-53 Cross Flow Filter Eauioment 2,224 129029 527,023 48,590 704,642 506,097 1,210,739
1.01.04.07 Filtration 6384 350007 734522 73443 2644 1160616 821961 1982576
1.01.04 Construction 171100 10395407 5991918 571328 51181 17009835 11510818 28520653
1.01 Capital Construction 349,188 58,277 639 6004,818 11469,493 51181 75803131 40901944 116,705075

1.02 Operations

1.02.00 Start UD
1.02.00.01 Plant Start Up

-88 Start up 72,800 5,966561 5966,561 3573128 9539688
1.02.00.01 Plant Start UD 72800 5966561 5966561 3573128 9539688
1.02.00 Start UD 72800 5,966,561 5966561 3573128 9539688

1.02.01 Operations

1.02.01.01 Operations
-85 Operations 540800 34019398 7622151 1494764 43136313 31152023 74288335

1.02.01.010Derations 540,800 34019398 7622151 1494764 43136313 31152023 74288335
1.02.01 Operations 540,800 34019398 7,622151 1494764 43136313 31,152023 74288335
1.02 Operations 613,600 39,985,959 7,622,151 1,494764 49102,874 34725,150 83828024

1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina

1.03.01.01 D&D
-79 D&D 3,413728 6389751 9803479 9,065573 18,869052

1.03.01.01 D&D 3413728 6389751 9803479 9065573 18869052
1.03.01 Deactivation & Decommissionina 3413728 6389751 9803479 9065573 18869052
1.03 Deactivation & Decommissionin!=l 3,413,728 6389751 9,803,479 9,065573 18,869052

03b Caustic Side Solvent Extraction - Crossflow 962,788 98,263,598 13,626,969 3,413,728 11,469,493 7,935,696 134,709,483 84,692,667 219,402,150

Filter
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01a Fractional Crystallization - Rotary MicroFilter
1.01 Caoital Construction

1.01.01 Pro'act ManaaementlSuDDort

1.01.01.01 Project Manaoement
-80 Pro'act ManaCiement

Year 1 16640 1288818 1288818 517 499 1806317
Year 2 16640 1288818 1288818 549204 1838022
Year 3 16,640 1288818 1288818 581554 1870372
Year 4 16,640 1288,818 1,288818 614805 1,903623
Year 5 16640 1,288,818 1,288,818 648,830 1937,648
Year 6 16,640 1288,818 1288818 683,628 1,972,446
Year 7 16640 1288818 1288,818 719328 2008146
Year 14 16640 1288818 1288818 994104 2282922

-80 Pro'act Manaaement 133120 10310543 10310543 5308953 15619496
1.01.01.01 Pro'act Manaaement 133120 10310543 10310543 5308953 15619496

1.01.01.02 Reoulatory
-81 Reoulatory

Year 1 16640 1,329,736 1329,736 533,929 1863,665
Year 4 8320 664868 664,868 317162 982,030

-81 Reoulatory 24960 1994604 1994604 851091 2845695
1.01.01.02 Reoulatol)l 24960 1994604 1994604 851091 2845695

1.01.01.03 Construction Manaaement

-83 Construction Manaaement

Year 4 2,142 170562 170562 81363 251925
Year 5 11,753 928,587 928587 467479 1,396066
Year 6 10400 840,393 840,393 445,770 1,286,163
Year 7 10,400 840,393 840,393 469,049 1,309,441

-83 Construction Mana!=lement 34,695 2,779934 2779934 1463660 4243595
1.01.01.03 Construction ManaCiement 34695 2779934 2779934 1463660 4243595

1.01.01.04 Procurement Suooort

-86 Procurement

Year 4 8320 503976 503,976 240412 744387
-86 Procurement 8,320 503,976 503,976 240412 744387
1.01.01.04 Procurement Suooort 8,320 503976 503976 240412 744387

1.01.01.05 AcceDtance StartuD. TestinD
-84 Acceptance Start up and Testin!=)

Year 7 193 14980 14980 8,361 23341
-84 Acceotance Start UD and Testina 193 14980 14980 8361 23341
1.01.01.05 AcceDtance StartuD. TestinD 193 14980 14980 8361 23341
1.01.01 Project ManaoementiSupport 201288 15604037 15604037 7872477 23476514

1.01.02 EnCiineerinCi

1.01.02.01 Conceotual Design

-82 Enaineerina

Year 1 3501455 3501455 1405940 4907395
-82 EnCiineerinCi 3,501455 3501455 1,405940 4907395
1.01.02.01 Conceptual Design 3501455 3501455 1405940 4,907395

1.01.02.02 Preliminarv Desian

-82 Enoineerino
Year 2 5252,183 5,252183 2,238114 7,490297

-82 Enaineerina 5,252183 5,252183 2,238,114 7490,297
1.01.02.02 Preliminarv Desian 5252183 5252183 2238114 7490297

1.01.02.03 Detailed Desion
-82 EnCiineerinCi

Year 3 5252183 5252183 2369944 7622126
Year 4 5252183 5252183 2505450 7757633

-82 Enoineerino 10,504365 10504365 4875394 15,379759
1.01.02.03 Detailed Desion 10504365 10504365 4875394 15379759

1.01.02.04 Title 3 Engineering

-82 Enaineerina
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Year 5 2,345,975 2345,975 1181,035 3527,010
Year 6 2345,975 2,345,975 1244,376 3,590,351
Year 7 2345975 2345975 1309360 3655335

-82 EnQineerinQ 7037925 7,037925 3734770 10,772695
1.01.02.04 Title 3 Engineering 7037925 7,037925 3734770 10,772695
1.01.02 Enaineerina 26295928 26295928 12254218 38550146

1.01.03 Technolo!=lY Specific Major Equipment Procurement

1.01.03.01 E9..!:!ipment Procurement

-03 Reboiler

Year 6 451396 451396 276,900 728296
-03 Reboiler 451396 451396 276900 728296

-04 Crystallizer

Year 6 901088 901088 552755 1453843
-04 Crvstallizer 901,088 901088 552755 1,453843

-05 Crystallizer Recirculation Pump

Year 6 106,400 106400 65269 171669
-05 Crvstallizer Recirculation Pumo 106,400 106400 65,269 171669

-06 Condensor

Year 6 135700 135700 83242 218942
-06 Condensor 135700 135700 83242 218942

-07 Condenser Vacuum Pump
Year 6 19900 19900 12207 32107

-07 Condenser Vacuum Pump 19,900 19900 12207 32,107
-08 CentrifuCie Feed Pump

Year 6 16200 16,200 9,938 26,138
-08 Centrifuae Feed Pumo 16200 16,200 9,938 26,138

-09 Centrifuqe

Year 6 51588 51588 31646 83,234
-09 Centrifuae 51588 51588 31646 83234

-10 Disolver Tank
Year 6 146734 146734 90011 236,745

-10 Disolver Tank 146,734 146734 90011 236,745
-11 Disolver Recirculation Pump

Year 6 19,400 19,400 11901 31301
-11 Disolver Recirculation Pump 19400 19400 11901 31301

-12 Dissolver DischarCie Pump

Year 6 16200 16200 9938 26138
-12 Dissolver Discharae Pumo 16200 16200 9938 26138

-13 Disolver Heat Exchan!=ler

Year 6 18,550 18550 11379 29929
-13 Disolver Heat Exchanaer 18,550 18,550 11,379 29929

-14 Condensate tank

Year 6 44,600 44600 27359 71959
-14 Condensate tank 44600 44600 27,359 71959

-15 Condensate Pumo

Year 6 13350 13350 8189 21539
-15 Condensate Pump 13,350 13350 8189 21539

-16 Spent Wash Tank

Year 6 139,190 139,190 85,383 224,573
-16 Soent Wash Tank 139,190 139,190 85,383 224,573

-17 Spent Wash Pump

Year 6 16200 16,200 9938 26138
-17 Spent Wash Pump 16200 16200 9938 26138

-24 Boiler

Year 7 161000 161000 103,222 264222
-24 Boiler 161,000 161000 103222 264222

-25 Chilled Water SYstem
Year 7 699,500 699,500 448,471 1,147,971
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-25 Chilled Water SYstem 699,500 699500 448471 1,147971
-26 Recirculation AHU & Process Off Gas Ventilation

Year 7 745837 745837 478179 1224016
-26 Recirculation AHU & Process Off Gas Ventilation 745837 745837 478179 1,224,016

-27 Vault Ventilation

Year 7 559378 559378 358634 918012
-27 Vault Ventilation 559,378 559378 358634 918012

-52 Rotarv Microfilter

Year 7 9,000000 9000,000 5770,172 14770,172
-52 Rotarv Microfilter 9,000,000 9,000,000 5770,172 14770,172

-72 Centrifud!=)e Liquor Tank

Year 7 220222 220222 141191 361413
-72 Centrifudae Liauor Tank 220222 220222 141191 361413

-72a Centrifuae Liauor Pumo

Year 7 16200 16200 10386 26,586
-72a Centrifuae Liquor Pump 16,200 16200 10386 26,586

-73 Hiah sulfate Product Tank

Year 7 66,188 66,188 42,435 108623
-73 Hi!=)h sulfate Product Tank 66188 66188 42435 108623

-74 HiQh sulfate product pump

Year 7 8100 8100 5193 13293
-74 Hioh sulfate oroduct oumo 8,100 8100 5193 13293
1.01.03.01 Equipment Procurement 13572921 13572921 8643937 22216858
1.01.03 TechnoloclV Specific Ma"or Equipment Procurement 13,572,921 13,572921 8,643937 22,216858

1.01.04 Construction

1.01.04.01 Subcontractor Staff
-99 Field Mana!=)ement

Year 5 20800 1,444109 1444109 900301 2,344410
Year 6 20800 1444109 1444109 939292 2383401
Year 7 14000 971996 971996 659140 1631136

-99 Field Mana!=lement 55,600 3,860213 3860213 2498733 6,358947
-99a TestinCi

Year 7 684 42,218 13 47 3,110 45,389 30,784 76,173
-99a Testina 684 42,218 13 47 3110 45,389 30,784 76,173
1.01.04.01 Subcontractor Staff 56284 3902432 13 47 3110 3905602 2529517 6435120

1.01.04.02 Vault
-18 Law Product Tank #1 &#2

Year 6 1192 74704 476034 11507 562245 406167 968413
-18 Law Product Tank #1 &#2 1,192 74704 476,034 11,507 562245 406167 968413

-19 LAW Product Pump #1 &#2

Year 6 629 40,275 37,526 1169 78,970 54,577 133,547
-19 LAW Product Pumo #1 &#2 629 40,275 37,526 1169 78970 54577 133,547

-20 LAW Product Mixer

Year 7 816 52838 26600 1689 81127 57362 138489
-20 LAW Product Mixer 816 52838 26600 1689 81127 57362 138489

-21 Cs Product Tank

Year 7 624 37388 790263 11714 839365 635763 1475128
-21 Cs Product Tank 624 37,388 790,263 11,714 839365 635763 1,475,128

-22 Cs Product Pumo

Year 7 635 41006 23,360 1,502 65,868 46,731 112,599
-22 Cs Product Pump 635 41006 23360 1502 65868 46731 112,599

-30 Excavation & Backfill

Year 5 1424 61595 100904 2792 165291 111422 276713
-30 Excavation & Backfill 1424 61,595 100,904 2792 165291 111,422 276,713

-31 Concrete Structure

Year 5 19,765 933,271 693,922 51,610 21,941 1,700743 1,122174 2,822918
-31 Concrete Structure 19,765 933,271 693,922 51,610 21,941 1700,743 1122174 2822918

-31s Steel Buildina
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Year 5 277 11,785 13223 91 676 25,775 17174 42949
Year 7 237 13655 19,977 6,633 40,265 29,514 69,779

-315 Steel Buildinq 514 25440 33200 6724 676 66040 46688 112728
-36 Vault liner,leak det. sump pump

Year 7 5695 358896 290270 66069 715236 514599 1229835
-36 Vault liner leak det., sumo Dumo 5695 358,896 290270 66069 715236 514599 1,229,835

-75 Chemical Stora!=le Tanks

Year 7 78 4,590 82,248 2,084 88922 67300 156222
-75 Chemical Storaae Tanks 78 4,590 82,248 2084 88,922 67,300 156,222
1.01.04.02 Vault 31373 1630002 2453424 254,972 25409 4363807 3062783 7426590

1.01.04.03 Vault Common
-25 Chilled Water System

Year 7 970 64936 64936 44035 108972
-25 Chilled Water SYstem 970 64936 64936 44035 108972

-25a Chiller Pad
Year 5 292 12,055 5,812 113 386 18367 11942 30309

-25a Chiller Pad 292 12055 5,812 113 386 18367 11942 30309
-26 Recirculation AHU & Process Off Gas Ventilation

Year 7 2633 176220 65060 5988 247269 173577 420846
-26 Recirculation AHU & Process Off Gas Ventilation 2633 176220 65060 5988 247,269 173577 420846

-27 Vault Ventilation
Year 7 349 23377 23377 15853 39230

-27 Vault Ventilation 349 23377 23377 15853 39230
-33 Ventilation/sample rooms

Year 7 2454 117,882 74806 3817 833 197,338 140,347 337,685
-33 Ventilation/samole rooms 2,454 117 882 74,806 3,817 833 197338 140,347 337685

-87 Liquid Effluent to ETF

Year 5 3206 213779 115176 10463 386 339804 222272 562076
-87 Liauid Effluent to ETF 3206 213779 115176 10463 386 339804 222272 562076

87a Transfer Line Waste Feed

Year 5 1138 75875 26,377 3693 122 106067 68621 174,689
87a Transfer Line Waste Feed 1,138 75,875 26,377 3,693 122 106067 68621 174,689

87b Transfer Line LAW

Year 5 1702 113615 31212 5262 122 150,211 96,674 246,885
87b Transfer Line LAW 1702 113615 31212 5262 122 150211 96674 246885

87c Filter Concentrate Return

Year 5 8963 598178 137814 27788 371 764150 490139 1254290
87c Filter Concentrate Return 8963 598,178 137814 27788 371 764150 490139 1,254290
1.01.04.03 Vault Common 21710 1395918 456257 57125 2220 1911520 1263461 3174981

1.01.04.04 Above Grade
-14a Condensate tank Dad

Year 5 264 10927 5167 100 341 16,535 10,745 27280
-14a Condensate tank pad 264 10927 5167 100 341 16535 10745 27280

-24 Boiler

Year 7 483 31638 1699 33337 22748 56084
-24 Boiler 483 31638 1,699 33337 22748 56084

-24b Boiler Pad

Year 5 140 5,771 2,733 53 180 8736 5678 14414
-24b Boiler Pad 140 5771 2733 53 180 8,736 5678 14,414
1.01.04.04 Above Grade 888 48335 9598 153 521 58608 39171 97779

1.01.04.051st Staqe
-01 Feed Receipt Tank

Year 6 636 38253 283302 11015 332571 240742 573313
-01 Feed Receiot Tank 636 38,253 283302 11,015 332571 240742 573313

-02 Feed Pump

Year 6 212 13,220 14,886 250 28356 19700 48056
-02 Feed Pump 212 13,220 14886 250 28,356 19,700 48,056

-03 Reboiler
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Year 6 978 65,415 23983 1337 90,735 61,118 151,854
-03 Reboiler 978 65415 23,983 1337 90,735 61118 151854

-04 Crystallizer

Year 6 1397 93508 93508 60821 154329
-04 Crvstallizer 1397 93508 93508 60,821 154329

-05 Crvstallizer Recirculation Pumo

Year 6 747 49476 98,883 1122 149,480 105,527 255007
-05 Crvstallizer Recirculation Pump 747 49476 98883 1,122 149480 105527 255,007

-06 Condensor

Year 6 1147 76743 76,743 49,916 126,659
-06 Condensor 1147 76743 76743 49916 126659

-07 Condenser Vacuum Pump
Year 6 180 11535 749 12285 8053 20337

-07 Condenser Vacuum Pumo 180 11535 749 12285 8053 20337
-08 Centrifuqe Feed Pump

Year 6 390 25,600 7,432 1,043 34075 22867 56942
-08 Centrifuae Feed Pumo 390 25,600 7432 1,043 34075 22867 56942

-09 Centrifuae

Year 6 390 26072 30826 1,043 57941 40332 98273
-09 CentrifuCie 390 26072 30826 1043 57941 40332 98273

-10 Disolver Tank

Year 6 758 45935 121368 11872 179174 127599 306774
-10 Disolver Tank 758 45,935 121,368 11,872 179174 127599 306774

-11 Disolver Recirculation Pump

Year 6 242 15,683 11452 279 27,413 18,804 46,217
-11 Disolver Recirculation Pumo 242 15683 11,452 279 27413 18804 46,217

-12 Dissolver Dischar!=)e Pump

Year 6 171 11015 14507 198 25720 17 950 43670
-12 Dissolver Discharae Pump 171 11015 14507 198 25720 17 950 43670

-12a Disolver Filter

Year 6 7 438 5000 5438 3952 9391
-12a Disolver Filter 7 438 5,000 5438 3952 9,391

-13 Disolver Heat Exchanaer

Year 6 472 31610 11,847 1,158 44,616 30,099 74,715
-13 Disolver Heat Exchan!=)er 472 31610 11,847 1158 44616 30099 74715

-14 Condensate tank

Year 6 521 32847 93441 5754 132041 94117 226158
-14 Condensate tank 521 32,847 93441 5754 132041 94117 226158

-15 Condensate Pump

Year 6 89 5,439 1,452 6892 4603 11495
-15 Condensate Pumo 89 5,439 1,452 6,892 4,603 11495

-16 Soent Wash Tank
Year 6 533 33320 64841 6986 105147 74352 179499

-16 Spent Wash Tank 533 33320 64841 6,986 105147 74,352 179499
-17 Soent Wash Pumo

Year 6 334 21867 4672 867 27406 18285 45691
-17 Spent Wash Pump 334 21867 4,672 867 27406 18285 45691

-72 CentrifudQe liQuor Tank

Year 7 523 32,593 63651 7,162 103406 76,000 179,405
-72 Centrifudae Liauor Tank 523 32593 63,651 7,162 103,406 76,000 179,405

-72a Centrifuqe Liquor Pump

Year 7 338 22121 6772 867 29761 20816 50576
-72a Centrifuae Liauor Pumo 338 22121 6772 867 29761 20,816 50576
1.01.04.051st Staoe 10063 652691 859065 50954 1562709 1095654 2658363

1.01.04.06 2nd Staqe

-02a Feed line

Year 6 79 5,279 3238 250 8,768 5,992 14,760
-02a Feed line 79 5,279 3,238 250 8768 5,992 14,760

-03 Reboiler
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Year 6 978 65,415 23983 1337 90,735 61,118 151,854
-03 Reboiler 978 65415 23,983 1337 90,735 61118 151854

-04 Crystallizer

Year 6 1397 93508 93508 60821 154329
-04 Crvstallizer 1397 93508 93508 60,821 154329

-05 Crvstallizer Recirculation Pumo

Year 6 747 49476 45,283 1122 95880 66215 162,095
-05 Crvstallizer Recirculation Pump 747 49476 45283 1,122 95,880 66215 162095

-06 Condensor

Year 6 318 21,252 21252 13,823 35,075
-06 Condensor 318 21252 21252 13823 35075

-07 Condenser Vacuum Pump
Year 6 180 11535 749 12285 8053 20337

-07 Condenser Vacuum Pumo 180 11535 749 12285 8053 20337
-08 Centrifuqe Feed Pump

Year 6 379 24,899 6,372 1,043 32314 21634 53948
-08 Centrifuae Feed Pumo 379 24,899 6,372 1,043 32314 21634 53948

-09 Centrifuae

Year 6 390 26072 30826 1,043 57941 40332 98273
-09 CentrifuCie 390 26072 30826 1043 57941 40332 98273

-10 Disolver Tank

Year 6 779 47383 123671 11872 182927 130231 313158
-10 Disolver Tank 779 47383 123,671 11,872 182927 130231 313158

-11 Disolver Recirculation Pump

Year 6 232 14,994 11387 279 26,660 18,308 44,968
-11 Disolver Recirculation Pumo 232 14994 11,387 279 26,660 18308 44968

-12 Dissolver Dischar!=)e Pump

Year 6 171 11015 14507 198 25720 17 950 43670
-12 Dissolver Discharae Pump 171 11015 14507 198 25720 17 950 43670

-12a Disolver Filter

Year 6 7 438 5000 5438 3952 9391
-12a Disolver Filter 7 438 5,000 5438 3952 9,391

-13 Disolver Heat Exchanaer

Year 6 472 31610 11,847 1,158 44,616 30,099 74,715
-13 Disolver Heat Exchan!=)er 472 31610 11,847 1158 44616 30099 74715

-14 Condensate tank

Year 6 522 32944 65426 5754 104124 73633 177 757
-14 Condensate tank 522 32,944 65426 5754 104124 73,633 177757

-15 Condensate Pump

Year 6 79 4,820 749 5569 3685 9254
-15 Condensate Pumo 79 4,820 749 5,569 3,685 9,254

-16 Soent Wash Tank
Year 6 531 33190 64,646 6986 104822 74125 178,946

-16 Spent Wash Tank 531 33190 64646 6,986 104822 74125 178946
-17 Soent Wash Pumo

Year 6 72 4304 2759 7064 4823 11887
-17 Spent Wash Pump 72 4304 2,759 7064 4823 11887

-72 CentrifudQe liQuor Tank

Year 7 524 32,725 64431 6986 104,141 76,549 180,690
-72 Centrifudae Liauor Tank 524 32,725 64,431 6,986 104,141 76,549 180,690

-72a Centrifuqe Liquor Pump

Year 7 338 22121 6772 867 29761 20816 50576
-72a Centrifuae Liauor Pumo 338 22121 6772 867 29761 20,816 50576

-73 Hiah sulfate Product Tank

Year 7 361 21772 64,037 6,317 92,126 68,313 160,438
-73 HiQh sulfate Product Tank 361 21772 64037 6317 92126 68313 160438

-74 Hiah sulfate oroduct oumo
Year 7 171 11,015 6,407 198 17,620 12,497 30,118
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-74 Hiah sulfate product pump 171 11,015 6,407 198 17 620 12497 30,118
1.01.04.06 2nd Staae 8725 565769 552092 45410 1163272 812969 1976241

1.01.04.07 Filtration
-07a Rotary Microfilter Vault

Year 5 1334 61530 37151 15298 1873 115852 76579 192431
Year 6 497 31020 51578 6222 88821 62569 151391

-07a Rotary Microfilter Vault 1,831 92550 88,730 21,521 1873 204673 139148 343822
-52 Rotary Microfilter

Year 7 2013 118,534 132200 52022 302,756 220,598 523,354
-52 Rotarv Microfilter 2,013 118,534 132,200 52022 302756 220,598 523,354
1.01.04.07 Filtration 3844 211084 220930 73543 1873 507429 359747 867176
1.01.04 Construction 132886 8,406231 4551379 482204 33,133 13472948 9163,302 22,636,249
1.01 Caoital Construction 334174 50306196 4551379 14055124 33133 68945833 37933934 106879767

1.020oerations
1.02.00 Start up

1.02.00.01 Plant Start Up

-88 Start UP

Year 8 41,600 3409463 3409,463 1999,412 5408876
Year 9 17 600 1442465 1442465 887737 2330202

-88 Start up 59200 4,851928 4851928 2887149 7739078
1.02.00.01 Plant Start Up 59200 4851928 4,851928 2887149 7,739078
1.02.00 Start UP 59200 4851928 4,851928 2,887149 7739078

1.02.01 Operations
1.02.01.01 Operations

-850oerations

Year 9 99,840 6306518 3273,050 642016 10221585 6562,336 16783,920
Year 10 99840 6306518 3273050 856016 10435585 7005018 17 440 603
Year11 99840 6,306518 3273050 26,022,016 35,601585 24,325171 59,926756
Year 12 99840 6306518 3273050 26022016 35601585 25432380 61033965
Year 13 99840 6306518 3,273050 1022016 10601585 8102314 18,703899

-85 Operations 499,200 31,532592 16365,252 54,564,080 102461924 71427220 173,889144
1.02.01.01 Operations 499200 31532592 16365252 54564080 102461924 71427220 173889144

1.02.01.02 Filter Reolacement

-52 Rotarv Microfilter

Year 12 4182 245435 124,200 9110896 9480531 8604355 18084886
-52 Rotary Microfilter 4182 245435 124200 9,110896 9,480531 8,604355 18,084886

-52a Rotarv Microfilter Site Support

Year 12 2709 205592 205592 145298 350890
-52a Rotary Microfilter Site Support 2,709 205592 205592 145298 350890
1.02.01.02 Filter Replacement 6891 451027 124200 9110896 9686123 8749653 18435776
1.02.010oerations 506091 31,983,619 16,489,452 9,110896 54,564,080 112148,047 80176,873 192324,920
1.020oerations 565291 36,835,547 16489,452 9,110,896 54564 080 116,999,975 83,064,022 200,063,998

1.03 Deactivation & Decommissionin!=l

1.03.01 Deactivation & DecommissioninQ

1.03.01.01 D&D
-79 D&D

Year 14 2348214 4395344 6743558 6010737 12754,296
-79 D&D 2,348,214 4395344 6,743558 6,010737 12,754,296
1.03.01.01 D&D 2348214 4395344 6743558 6010737 12754296
1.03.01 Deactivation & Decommissionina 2,348214 4395344 6743,558 6010,737 12754,296
1.03 Deactivation & Decommissionin~ 2348214 4395344 6743558 6010737 12,754296

01a Fractional Crystallization - Rotary MicroFilter 899,465 87,141,743 21,040,831 2,348,214 23,166,021 58,992,557 192,689,366 127,008,694 319,698,061

01 b Fractional Crystallization - Crossflow Filter
1.01 Capital Construction

1.01.01 Pro·ect ManaaementlSuDDort

1.01.01.01 Pro·ect Manaaement

-80 Project Mana~ement

Year 1 16640 1,288,818 1,288,818 517,499 1,806,317
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Year 2 16640 1,288,818 1,288,818 549,204 1838,022
Year 3 16,640 1288,818 1288818 581554 1,870,372
Year 4 16640 1288818 1288,818 614805 1903623
Year 5 16640 1288818 1288818 648830 1,937648
Year 6 16640 1288818 1288818 683628 1972446
Year 7 15360 1189678 1189678 663995 1853673
Year 14 16,640 1288818 1288,818 994104 2282922

-80 Pro"ect ManaCiement 131,840 10211404 10,211404 5,253620 15,465,024
1.01.01.01 Project Manaaement 131,840 10211,404 10211404 5253620 15465024

1.01.01.02 Reaulatarv
-81 Reoulatary

Year 1 16640 1329,736 1,329736 533929 1,863665
Year 4 8320 664868 664868 317162 982030

-81 Reaulatarv 24,960 1994604 1,994604 851091 2,845695
1.01.01.02 Reoulatary 24960 1994604 1994604 851091 2845695

1.01.01.03 Construction ManaCiement

-83 Construction Manaaement

Year 4 2,142 170,562 170,562 81363 251925
Year 5 11753 928587 928,587 467479 1396066
Year 6 10400 840393 840393 445770 1286163
Year 7 9600 775747 775747 432968 1208715

-83 Construction Manaaement 33895 2715289 2715289 1,427580 4142,868
1.01.01.03 Construction Mana!=)ement 33895 2715289 2715289 1427580 4142868

1.01.01.04 Procurement Support

-86 Procurement

Year 4 8320 503976 503,976 240,412 744,387
-86 Procurement 8,320 503976 503976 240412 744387
1.01.01.04 Procurement Support 8320 503976 503976 240412 744387

1.01.01.05 Acceptance, Startup, Testing

-84 Acceotance Start UP and Testina

Year 7 193 14980 14980 8361 23341
-84 Acceptance, Start up and TestinCi 193 14,980 14980 8361 23,341
1.01.01.05 Acceptance Startup. Testing 193 14980 14980 8361 23341
1.01.01 Pro"ect ManaaementlSuDDort 199208 15440,251 15440,251 7781,063 23221315

1.01.02 Enoineerino
1.01.02.01 Cance~tual Desian

-82 Enaineerina

Year 1 3229571 3229571 1296771 4526342
-82 Enoineerino 3,229571 3,229571 1,296771 4526342
1.01.02.01 Canceptual Desian 3229571 3229571 1296771 4526342

1.01.02.02 Prelimina~ Design

-82 Enaineerina

Year 2 4844357 4844357 2064327 6908684
-82 Enaineerina 4,844357 4844,357 2,064,327 6,908684
1.01.02.02 Preliminarv Desian 4844357 4,844357 2064327 6908684

1.01.02.03 Detailed Desian
-82 Enoineerino

Year 3 4844,357 4,844357 2,185920 7,030277
Year 4 4,844,357 4844,357 2310,905 7155,262

-82 Enaineerina 9,688,714 9,688714 4,496,825 14,185,539
1.01.02.03 Detailed Desion 9688714 9688714 4496825 14185539

1.01.02.04 Title 3 Engineering
-82 Enaineerina

Year 5 2163813 2163813 1089329 3253142
Year 6 2163813 2163813 1147752 3311,564
Year 7 2163,813 2,163813 1,207689 3,371502

-82 Enaineerina 6491438 6491,438 3444,770 9,936,208
1.01.02.04 Title 3 Enaineerina 6491,438 6491,438 3444,770 9,936208
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1.01.02 Enaineerina 24,254,080 24,254,080 11302693 35556,772
1.01.03 Technoloav 50ecific Ma"or Eauioment Procurement

1.01.03.01 Equipment Procurement

-03 Reboiler

Year 6 451396 451396 276900 728296
-03 Reboiler 451396 451396 276900 728296

-04 Crystallizer

Year 6 901,088 901088 552755 1,453843
-04 Crvstallizer 901,088 901,088 552,755 1453,843

-05 Crvstallizer Recirculation Pumo

Year 6 106400 106400 65269 171669
-05 Crvstallizer Recirculation Pump 106,400 106400 65269 171,669

-06 Condensor

Year 6 135700 135700 83242 218942
-06 Condensor 135,700 135700 83242 218942

-07 Condenser Vacuum Pump
Year 6 19,900 19,900 12207 32107

-07 Condenser Vacuum Pumo 19,900 19,900 12,207 32,107
-08 Centrifuqe Feed Pump

Year 6 16200 16,200 9938 26138
-08 Centrifuae Feed Pump 16200 16200 9938 26138

-09 Centrifuae

Year 6 51,588 51588 31646 83234
-09 CentrifuCie 51,588 51588 31,646 83234

-10 Disolver Tank

Year 6 146734 146,734 90,011 236,745
-10 Disolver Tank 146734 146734 90011 236745

-11 Disolver Recirculation Pump

Year 6 19400 19400 11901 31301
-11 Disolver Recirculation Pumo 19,400 19400 11901 31301

-12 Dissolver Dischar!=)e Pump

Year 6 16,200 16200 9938 26138
-12 Dissolver Discharae Pumo 16,200 16,200 9938 26,138

-13 Disolver Heat Exchanaer

Year 6 18550 18,550 11379 29929
-13 Disolver Heat Exchanaer 18550 18550 11379 29929

-14 Condensate tank

Year 6 44600 44600 27359 71959
-14 Condensate tank 44,600 44600 27359 71959

-15 Condensate Pumo

Year 6 13350 13,350 8,189 21,539
-15 Condensate Pumo 13,350 13,350 8,189 21539

-16 Spent Wash Tank

Year 6 139,190 139190 85383 224573
-16 Soent Wash Tank 139,190 139190 85383 224573

-17 Soent Wash Pumo
Year 6 16200 16200 9938 26138

-17 Spent Wash Pump 16,200 16200 9938 26,138
-24 Boiler

Year 7 161,000 161,000 103,222 264,222
-24 Boiler 161000 161000 103222 264222

-25 Chilled Water System

Year 7 699500 699500 448471 1147971
-25 Chilled Water SYstem 699,500 699500 448,471 1,147971

-26 Recirculation AHU & Process Off Gas Ventilation

Year 7 745,837 745837 478179 1,224016
-26 Recirculation AHU & Process Off Gas Ventilation 745,837 745,837 478,179 1224016

-27 Vault Ventilation
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Year 7 559,378 559,378 358,634 918,012
-27 Vault Ventilation 559,378 559,378 358634 918,012

-53 Cross Flow Filter Equipment

Year 7 600000 600000 384678 984678
-53 Cross Flow Filter Eauioment 600000 600,000 384678 984678

-72 Centrifudae Liauor Tank

Year 7 220,222 220222 141191 361,413
-72 CentrifudCle Liquor Tank 220,222 220222 141191 361413

-72a Centrifuae Liauor Pumo

Year 7 16200 16,200 10,386 26,586
-72a Centrifuqe Liquor Pump 16200 16200 10386 26586

-73 Hiqh sulfate Product Tank

Year 7 66188 66188 42435 108623
-73 Hiah sulfate Product Tank 66188 66188 42435 108623

-74 Hiqh sulfate product pump

Year 7 8,100 8100 5193 13293
-74 Hiah sulfate oroduct oumo 8,100 8100 5193 13,293
1.01.03.01 Eauioment Procurement 5172921 5172921 3258443 8431364
1.01.03 Technolo!=lY Specific Major Equipment Procurement 5172921 5172,921 3258443 8431364

1.01.04 Construction

1.01.04.01 Subcontractor Staff

-99 Field Manaaement

Year 5 20,800 1444109 1444109 900301 2344410
Year 6 20,800 1444,109 1,444109 939292 2,383401
Year 7 14000 971,996 971,996 659,140 1631,136

-99 Field Manaaement 55600 3,860,213 3,860213 2498733 6,358946
-99a Testinq

Year 7 684 42218 13 47 3,110 45389 30784 76173
-gSa Testina 684 42218 13 47 3110 45389 30784 76173
1.01.04.01 Subcontractor Staff 56284 3902432 13 47 3110 3905602 2529517 6435120

1.01.04.02 Vault
-18 Law Product Tank #1 & #2

Year 6 1192 74,704 476034 11507 562245 406167 968,413
-18 Law Product Tank #1 &#2 1,192 74,704 476,034 11507 562,245 406,167 968,413

-19 LAW Product Pump #1 &#2

Year 6 629 40275 37526 1169 78970 54576 133547
-19 LAW Product Pumo #1 &#2 629 40275 37526 1169 78970 54576 133547

-20 LAW Product Mixer

Year 7 816 52838 26,600 1689 81127 57362 138489
-20 LAW Product Mixer 816 52,838 26600 1,689 81127 57362 138489

-21 Cs Product Tank

Year 7 624 37388 790263 11714 839,365 635,763 1475,128
-21 Cs Product Tank 624 37388 790263 11714 839365 635763 1,475128

-22 Cs Product Pump

Year 7 635 41006 23360 1502 65868 46731 112599
-22 Cs Product Pumo 635 41006 23,360 1,502 65868 46731 112599

-30 Excavation & Backfill

Year 5 1,424 61,595 100,904 2,792 165291 111422 276713
-30 Excavation & Backfill 1,424 61,595 100,904 2792 165,291 111422 276,713

-31 Concrete Structure

Year 5 19765 933271 693922 51,610 21941 1700743 1122174 2822918
-31 Concrete Structure 19765 933271 693922 51610 21,941 1700,743 1122174 2822918

-31s Steel Buildina

Year 5 277 11785 13223 91 676 25775 17174 42949
Year 7 237 13655 19,977 6633 40265 29,514 69779

-31s Steel BuildinCi 514 25440 33,200 6,724 676 66,040 46688 112728
-36 Vault liner,leak det., sumo pump

Year 7 5,695 358,896 290,270 66,069 715,236 514,599 1,229,835

589



CH2MHILL Spreadsheet Report
IPS Project Rev 8

RPP-RPT-37741, Rev 0
Page 11

6/17/200810:39 PM

Spreadsheet Level
Labor Man

Labor Amount Material Amount Sub Amount Equip Amount other Amount Total Amount Addon Amount Grand Total
Hrs

-36 Vault liner,leak det., sump Dump 5,695 358,896 290,270 66,069 715,236 514599 1,229835
-75 Chemical Storaae Tanks

Year 7 78 4590 82248 2,084 88,922 67300 156222
-75 Chemical StoraQe Tanks 78 4590 82248 2084 88922 67300 156222
1.01.04.02 Vault 31373 1630002 2453424 254972 25409 4,363807 3062783 7,426590

1.01.04.03 Vault Common
-25 Chilled Water System

Year 7 970 64,936 64936 44035 108972
-25 Chilled Water SYstem 970 64,936 64,936 44,035 108972

-25a Chiller Pad
Year 5 292 12055 5812 113 386 18367 11942 30309

-25a Chiller Pad 292 12055 5812 113 386 18,367 11942 30309
-26 Recirculation AHU & Process Off Gas Ventilation

Year 7 2633 176220 65060 5,988 247269 173577 420846
-26 Recirculation AHU & Process Off Gas Ventilation 2,633 176220 65,060 5,988 247269 173577 420846

-27 Vault Ventilation

Year 7 349 23,377 23,377 15,853 39,230
-27 Vault Ventilation 349 23377 23,377 15,853 39,230

-33 Ventilation/sample rooms

Year 7 2454 117 882 74806 3817 833 197338 140347 337685
-33 Ventilation/sample rooms 2454 117882 74806 3817 833 197338 140347 337685

-87 Liouid Effluent to ETF
Year 5 3,206 213779 115176 10463 386 339804 222272 562,076

-87 Liquid Effluent to ETF 3,206 213779 115176 10,463 386 339804 222272 562076
87a Transfer Line Waste Feed

Year 5 1138 75875 26,377 3,693 122 106,067 68621 174,689
87a Transfer Line Waste Feed 1138 75875 26377 3693 122 106067 68621 174689

87b Transfer Line LAW

Year 5 1702 113615 31212 5262 122 150211 96674 246885
87b Transfer Line LAW 1,702 113615 31,212 5262 122 150211 96674 246885

87c Filter Concentrate Return

Year 5 8,963 598,178 137,814 27,788 371 764150 490139 1,254290
87c Filter Concentrate Return 8,963 598178 137814 27788 371 764150 490139 1,254,290
1.01.04.03 Vault Common 21710 1395918 456257 57125 2220 1911520 1263461 3174981

1.01.04.04 Above Grade
-14a Condensate tank pad

Year 5 264 10927 5167 100 341 16535 10745 27280
-14a Condensate tank Dad 264 10,927 5167 100 341 16535 10745 27,280

-24 Boiler

Year 7 483 31,638 1,699 33337 22748 56084
-24 Boiler 483 31,638 1,699 33,337 22,748 56084

-24b Boiler Pad

Year 5 140 5771 2733 53 180 8736 5678 14414
-24b Boiler Pad 140 5,771 2733 53 180 8,736 5678 14,414
1.01.04.04 Above Grade 888 48335 9598 153 521 58608 39171 97779

1.01.04.051st Staoe
-01 Feed Receipt Tank

Year 6 636 38,253 283,302 11,015 332571 240742 573313
-01 Feed Receiot Tank 636 38,253 283,302 11,015 332571 240,742 573313

-02 Feed Pumo
Year 6 212 13220 14,886 250 28,356 19700 48056

-02 Feed Pumo 212 13220 14886 250 28356 19700 48,056
-03 Reboiler

Year 6 978 65415 23983 1337 90735 61118 151854
-03 Reboiler 978 65,415 23,983 1,337 90735 61118 151854

-04 Crystallizer

Year 6 1397 93,508 93,508 60,821 154,329
-04 Crvstallizer 1,397 93508 93,508 60821 154,329

-05 Crystallizer Recirculation Pump
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Year 6 747 49,476 98883 1122 149,480 105,527 255,007
-05 Crvstallizer Recirculation Pumo 747 49,476 98,883 1122 149,480 105,527 255,007

-06 Condensor

Year 6 1147 76,743 76743 49916 126,659
-06 Condensor 1147 76743 76743 49916 126659

-07 Condenser Vacuum Pumo
Year 6 180 11535 749 12285 8,053 20337

-07 Condenser Vacuum Pump 180 11535 749 12285 8053 20337
-08 Centrifuae Feed Pumo

Year 6 390 25600 7432 1,043 34,075 22,867 56,943
-08 Centrifuqe Feed Pump 390 25600 7432 1043 34075 22,867 56943

-09 CentrifuCie

Year 6 390 26072 30826 1043 57941 40332 98273
-09 Centrifuae 390 26072 30,826 1,043 57941 40332 98273

-10 Disolver Tank
Year 6 758 45,935 121,368 11,872 179174 127599 306774

-10 Disolver Tank 758 45935 121,368 11,872 179174 127599 306,774
-11 Disolver Recirculation Pumo

Year 6 242 15683 11452 279 27413 18,804 46217
-11 Disolver Recirculation Pump 242 15683 11452 279 27413 18804 46217

-12 Dissolver Discharae Pump

Year 6 171 11015 14507 198 25720 17950 43670
-12 Dissolver Dischar!=)e Pump 171 11015 14,507 198 25720 17950 43670

-12a Disolver Filter
Year 6 7 438 5000 5,438 3,952 9,391

-12a Disolver Filter 7 438 5,000 5,438 3,952 9,391
-13 Disolver Heat Exchan!=)er

Year 6 472 31610 11847 1158 44,616 30099 74715
-13 Disolver Heat Exchanaer 472 31610 11847 1158 44616 30099 74715

-14 Condensate tank

Year 6 521 32847 93,441 5,754 132041 94117 226158
-14 Condensate tank 521 32,847 93,441 5,754 132041 94117 226,158

-15 Condensate Pump

Year 6 89 5439 1,452 6,892 4,603 11495
-15 Condensate Pump 89 5439 1452 6892 4603 11495

-16 Spent Wash Tank

Year 6 533 33320 64841 6986 105147 74352 179499
-16 Soent Wash Tank 533 33,320 64841 6,986 105147 74352 179499

-17 Spent Wash Pump

Year 6 334 21,867 4,672 867 27406 18285 45691
-17 Soent Wash Pumo 334 21,867 4672 867 27,406 18,285 45691

-72 Centrifudae Liauor Tank

Year 7 523 32593 63,651 7162 103406 76000 179405
-72 CentrifudQe liQuor Tank 523 32593 63651 7,162 103406 76,000 179405

-72a Centrifuae Liauor Pumo

Year 7 338 22121 6772 867 29761 20816 50576
-72a Centrifuqe Liquor Pump 338 22121 6,772 867 29761 20816 50576
1.01.04.051st Staqe 10063 652691 859065 50954 1562709 1095654 2658363

1.01.04.06 2nd Staqe

-02a Feed line

Year 6 79 5279 3,238 250 8768 5992 14760
-02a Feed line 79 5279 3238 250 8768 5992 14,760

-03 Reboiler

Year 6 978 65415 23983 1337 90735 61118 151854
-03 Reboiler 978 65,415 23,983 1,337 90735 61118 151854

-04 Crystallizer

Year 6 1397 93,508 93,508 60,821 154,329
-04 Crvstallizer 1,397 93508 93,508 60821 154,329

-05 Crystallizer Recirculation Pump
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Year 6 747 49,476 45283 1122 95,880 66,215 162095
-05 Crvstallizer Recirculation Pumo 747 49,476 45283 1122 95,880 66,215 162,095

-06 Condensor

Year 6 318 21252 21252 13823 35075
-06 Condensor 318 21252 21252 13823 35075

-07 Condenser Vacuum Pumo
Year 6 180 11535 749 12285 8,053 20337

-07 Condenser Vacuum Pump 180 11535 749 12285 8053 20337
-08 Centrifuae Feed Pumo

Year 6 379 24899 6,372 1,043 32,314 21634 53,948
-08 Centrifuqe Feed Pump 379 24899 6372 1043 32,314 21634 53948

-09 CentrifuCie

Year 6 390 26072 30826 1043 57941 40332 98273
-09 Centrifuae 390 26072 30,826 1,043 57941 40332 98273

-10 Disolver Tank
Year 6 779 47,383 123,671 11,872 182927 130231 313158

-10 Disolver Tank 779 47,383 123,671 11,872 182927 130,231 313,158
-11 Disolver Recirculation Pumo

Year 6 232 14994 11387 279 26660 18,308 44968
-11 Disolver Recirculation Pump 232 14994 11387 279 26660 18308 44968

-12 Dissolver Discharae Pump

Year 6 171 11015 14507 198 25720 17950 43670
-12 Dissolver Dischar!=)e Pump 171 11015 14,507 198 25720 17950 43670

-12a Disolver Filter
Year 6 7 438 5000 5,438 3,952 9,391

-12a Disolver Filter 7 438 5,000 5,438 3,952 9,391
-13 Disolver Heat Exchan!=)er

Year 6 472 31610 11847 1158 44,616 30099 74715
-13 Disolver Heat Exchanaer 472 31610 11847 1158 44616 30099 74715

-14 Condensate tank

Year 6 522 32944 65,426 5,754 104124 73633 177,757
-14 Condensate tank 522 32,944 65,426 5,754 104124 73633 177,757

-15 Condensate Pump

Year 6 79 4,820 749 5,569 3,685 9,254
-15 Condensate Pump 79 4820 749 5569 3685 9254

-16 Spent Wash Tank

Year 6 531 33190 64646 6986 104822 74125 178946
-16 Soent Wash Tank 531 33,190 64646 6,986 104822 74125 178946

-17 Spent Wash Pump

Year 6 72 4,304 2,759 7064 4823 11887
-17 Soent Wash Pumo 72 4,304 2,759 7,064 4,823 11,887

-72 Centrifudae Liauor Tank

Year 7 524 32725 64431 6986 104141 76549 180690
-72 CentrifudQe liQuor Tank 524 32,725 64,431 6,986 104141 76549 180690

-72a Centrifuae Liauor Pumo

Year 7 338 22121 6772 867 29761 20816 50576
-72a Centrifuqe Liquor Pump 338 22121 6,772 867 29761 20816 50576

-73 HiQh sulfate Product Tank

Year 7 361 21,772 64037 6317 92126 68,313 160,438
-73 Hiah sulfate Product Tank 361 21,772 64037 6,317 92,126 68313 160,438

-74 Hiqh sulfate product pump

Year 7 171 11015 6407 198 17 620 12497 30118
-74 Hiah sulfate oroduct oumo 171 11015 6407 198 17 620 12497 30118
1.01.04.06 2nd Staae 8725 565769 552092 45410 1163272 812969 1976241

1.01.04.07 Filtration
-32 Cross Flow Filter Vault

Year 5 255 11,005 17,602 635 29,243 19,692 48,934
Year 7 2,573 120,853 89,849 6,489 2,644 219,835 157,073 376,909
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-32 Cross Flow Filter Vault 2,827 131,859 89,849 24091 3,279 249078 176,765 425843
-37 CFF Vault liner, leak det., sumo Dumo

Year 7 794 50063 58825 9182 118069 85711 203780
-37 CFF Vault liner leak det. sump pump 794 50063 58825 9,182 118069 85711 203,780

-53 Cross Flow Filter Eauioment

Year 7 2305 134455 651116 48696 834267 623826 1458093
-53 Cross Flow Filter Equipment 2,305 134,455 651,116 48,696 834267 623826 1458093
1.01.04.07 Filtration 5926 316376 799790 81969 3279 1201414 886302 2087716
1.01.04 Construction 134968 8,511,524 5,130240 490630 34,539 14166,932 9689,856 23856,789
1.01 Caoital Construction 334,176 48205855 5,130,240 5,663,550 34 539 59,034184 32,032,055 91,066,240

1.02 Operations

1.02.00 Start up
1.02.00.01 Plant Start Up

-88 Start UP

Year 8 41,600 3409463 3409463 1999412 5408876
Year 9 17,600 1442,465 1,442465 887737 2,330202

-88 Start UP 59,200 4,851,928 4851928 2887149 7,739078
1.02.00.01 Plant Start Up 59200 4851928 4851928 2887149 7739078
1.02.00 Start up 59,200 4851928 4851928 2887149 7739078

1.02.01 Operations
1.02.01.01 Operations

-850oerations
Year 9 99,840 6306518 3256335 642235 10205088 6550796 16755883
Year 10 99,840 6306,518 3,256,335 856,235 10,419088 6,992986 17,412074
Year11 99,840 6306,518 3,256335 26,022,235 35585,088 24312638 59897,725
Year 12 99,840 6306518 3256,335 26022,235 35585,088 25419,334 61004,422
Year 13 99840 6306518 3256335 1022235 10585088 8088742 18673829

-85 Operations 499,200 31532592 16,281673 54,565174 102379438 71364496 173,743934
1.02.01.01 Operations 499200 31532592 16281673 54565174 102,379438 71,364496 173743934
1.02.010oerations 499200 31532592 16,281673 54565174 102379438 71364496 173743934
1.02 Operations 558,400 36,384520 16281,673 54,565,174 107231367 74251645 181,483011

1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina

1.03.01.01 D&D
-79 D&D

Year 14 2,348,214 4,395344 6743558 6010737 12754296
-79 D&D 2348214 4395344 6743558 6010,737 12754296
1.03.01.01 D&D 2348214 4395344 6743558 6010737 12754296
1.03.01 Deactivation & Decommissionin!=l 2348214 4,395344 6743,558 6010737 12,754296
1.03 Deactivation & Decommissionina 2,348214 4395344 6,743558 6,010737 12,754296

01 b Fractional Crl1stallization - Crossflow Filter 892,576 84,590,375 21,411,912 2,348,214 5,663,550 58,995,057 173,009,109 112,294,438 285,303,547

02a Ion Exchange - Rotary Micro Filter
1.01 Caoital Construction

1001001 Prooect ManaaementlSuDDort

1.01.01.01 Proiect Manaqement
-80 Prooect ManaCiement

Year 1 16640 1288818 1288818 517 499 1806317
Year 2 16640 1288818 1288818 549204 1838022
Year 3 16,640 1288818 1288818 581554 1870372
Year 4 16,640 1288,818 1,288818 614805 1,903623
Year 5 16640 1,288,818 1,288,818 648,830 1937,648
Year 6 16,640 1288,818 1288818 683,628 1,972,446
Year 13 16640 1288818 1288,818 951960 2240778

-80 Prooect ManaCiement 116,480 9,021725 9,021725 4547480 13569206
1001001001 Prooect Manaaement 116480 9021725 9,021725 4,547480 13569206

1.01.01.02 Reoulatorv
-81 Requlatory

Year 1 16640 1,329,736 1,329,736 533,929 1,863,665
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Year 2 8320 664,868 664,868 283,320 948,188
-81 Reaulatarv 24,960 1,994,604 1,994,604 817249 2,811853
1.01.01.02 Reaulatary 24960 1994604 1994604 817249 2811853

1.01.01.03 Construction ManaCiement

-83 Construction Manaaement

Year 4 2142 170562 170562 81363 251925
Year 5 11753 928587 928,587 467479 1396066
Year 6 10,400 840,393 840393 445770 1,286163

-83 Construction Manaaement 24,295 1,939542 1939,542 994,612 2934153
1.01.01.03 Construction Manaaement 24295 1939542 1939542 994612 2934153

1.01.01.04 Procurement Support

-86 Procurement

Year 4 8320 503976 503976 240412 744387
-86 Procurement 8,320 503976 503976 240412 744387
1.01.01.04 Procurement Support 8320 503976 503976 240412 744387

1.01.01.05 Acceptance, Startup, TestinCi

-84 Acceptance Start UP and Testina

Year 6 193 14,980 14,980 7946 22,926
-84 Acceptance Start up and Testin!=l 193 14980 14980 7946 22,926
1.01.01.05 Acceptance, Startup TestinCi 193 14980 14980 7946 22926
1.01.01 Pro'act ManaaementlSuDDort 174248 13474826 13474826 6607699 20082525

1.01.02 Enaineerina

1.01.02.01 Canceptual Desian
-82 EnCiineerinCi

Year 1 3,071,157 3071,157 1,233,163 4304,320
-82 Enaineerina 3,071,157 3,071,157 1233,163 4,304,320
1.01.02.01 Canceptual Desian 3071157 3071157 1233163 4304320

1.01.02.02 Prelimina~ Desicm

-82 Enaineerina
Year 2 4606736 4,606736 1963070 6,569805

-82 Enaineerina 4,606736 4606736 1963070 6,569805
1.01.02.02 Prelimina~ Design 4606736 4606736 1963070 6569805

1.01.02.03 Detailed Desian
-82 Enaineerina

Year 3 4606736 4606736 2078699 6685434
Year 4 4606,736 4606736 2197552 6,804288

-82 Enaineerina 9213472 9213472 4276251 13489723
1.01.02.03 Detailed Desian 9213472 9213472 4276251 13489723

1.01.02.04 Title 3 Engineering

-82 EnQineerinQ

Year 5 3,071,157 3071,157 1546,113 4617,271
Year 6 3071157 3071157 1629,035 4700,192

-82 Enaineerina 6,142314 6142,314 3175148 9317 463
1.01.02.04 Title 3 Engineering 6142314 6142314 3175148 9317463
1.01.02 Enaineerina 23033679 23033679 10647631 33681310

1.01.03 Technoloav 50ecific Ma·or Eauioment Procurement

1.01.03.01 Equipment Procurement

-25 Chilled Water System

Year 6 136000 136,000 83427 219,427
-25 Chilled Water SYstem 136,000 136,000 83,427 219,427

-26 Recirculation AHU & Process Off Gas Ventilation

Year 6 745837 745837 457519 1203356
-26 Recirculation AHU & Process Off Gas Ventilation 745837 745837 457519 1203356

-27 Vault Ventilation

Year 6 559378 559,378 343,139 902517
-27 Vault Ventilation 559,378 559378 343139 902517

-38 IX Calumn
Year 6 200,000 200,000 122,686 322,686
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-38 IX Column 200,000 200000 122686 322686
-40 Soent Resin Accumulation Tank & Condenser

Year 6 76388 76388 46859 123247
-40 Spent Resin Accumulation Tank & Condenser 76388 76388 46859 123247

-41 Spent Resin Pump

Year 6 810 810 497 1307
-41 Spent Resin Pump 810 810 497 1307

-52 Rotarv Microfilter

Year 6 3,000000 3000,000 1840,291 4840,291
-52 Rotarv Microfilter 3,000,000 3,000,000 1,840291 4,840,291

-54 Feed Heat Exchan!=)er

Year 6 17 500 17 500 10735 28,235
-54 Feed Heat Exchanaer 17 500 17 500 10735 28235

-54a Disposal Cask VaDer Condensor

Year 6 11100 11100 6809 17 909
-54a Disposal Cask Vaper Condensor 11,100 11100 6809 17,909
1.01.03.01 Eauipment Procurement 4747013 4747013 2911961 7658974
1.01.03 Technoloav Soecific Ma"or Eauioment Procurement 4747,013 4747,013 2911961 7658974

1.01.04 Construction

1.01.04.01 Subcontractor Staff

-99 Field Manaaement

Year 5 20800 1444109 1444109 900301 2344410
Year 6 20,800 1444109 1444109 939,292 2383,401
Year 7 3,600 249,942 249942 169493 419435

-99 Field Manaaement 45,200 3,138,159 3138,159 2009,086 5147,245
-gSa Testina

Year 6 663 41002 7 26 3730 44765 29119 73884
-gSa TestinCi 663 41002 7 26 3730 44,765 29119 73,884
1.01.04.01 Subcontractor Staff 45863 3179161 7 26 3730 3182924 2038205 5,221129

1.01.04.02 Vault
-01 Feed Receipt Tank

Year 6 737 43,842 292,214 14,368 350423 253372 603795
-01 Feed Receiot Tank 737 43,842 292214 14368 350423 253372 603,795

-02 Feed Pumo
Year 6 370 23894 8570 867 33332 22463 55795

-02 Feed Pumo 370 23894 8570 867 33332 22463 55,795
-06 Condensor

Year 6 194 12987 14700 27687 19229 46916
-06 Condensor 194 12,987 14,700 27687 19229 46916

-18 Law Product Tank #1 & #2
Year 6 1533 94,599 663355 23435 781,390 565,243 1346,633

-18 Law Product Tank #1 &#2 1,533 94,599 663,355 23,435 781390 565,243 1,346,633
-19 LAW Product Pump #1 &#2

Year 6 777 51089 23822 2087 76998 52232 129229
-19 LAW Product Pumo #1 &#2 777 51089 23822 2087 76998 52232 129229

-21 Cs Product Tank

Year 6 846 51262 820688 14492 886442 645888 1532330
-21 Cs Product Tank 846 51,262 820,688 14,492 886442 645888 1,532,330

-22 Cs Product Pumo

Year 6 383 24,705 18326 836 43,868 30,123 73,991
-22 Cs Product Pump 383 24705 18,326 836 43868 30123 73991

-30 Excavation & Backfill

Year 5 2423 104750 168411 5338 278499 187603 466102
-30 Excavation & Backfill 2,423 104750 168411 5,338 278,499 187,603 466102

-31 Concrete Structure

Year 5 14,864 703,264 624,380 49,595 18,774 1,396014 926257 2,322271
-31 Concrete Structure 14864 703,264 624380 49,595 18,774 1,396,014 926,257 2322271

-36 Vault liner,leak det., sumo oumo
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Year 6 5695 358,896 290270 66069 715,236 494,787 1,210,023
-36 Vault liner leak det. sumo oumo 5,695 358,896 290270 66,069 715,236 494787 1,210,023

-38 IX Column
Year 6 3027 181113 623361 49381 853855 611211 1465065

-38 IX Column 3027 181113 623361 49381 853855 611211 1465065
-39 Soent Resin DisDosal Cask 400 aal caoacitv

Year 6 467 31257 2,629 493,954 527839 384539 912378
-39 Spent Resin Disposal Cask 400 Clal capacity 467 31,257 2629 493,954 527839 384539 912378

-40 Spent Resin Accumulation Tank & Condenser

Year 6 597 37636 610770 5,524 653,930 476,488 1,130,418
-40 Spent Resin Accumulation Tank & Condenser 597 37636 610770 5524 653930 476488 1130418

-41 Spent Resin Pump

Year 6 113 7539 6108 319 13966 9618 23584
-41 Soent Resin Pumo 113 7539 6,108 319 13966 9618 23584

-42 Resin Screen

Year 6 1 72 28 99 67 166
-42 Resin Screen 1 72 28 99 67 166

-50 Resin

Year 6 92 5854 15842 1,223 22,920 16324 39245
-50 Resin 92 5854 15842 1223 22920 16324 39245

-51 Valve Vault

Year 6 2066 116336 616000 53751 786087 566884 1352971
-51 Valve Vault 2,066 116336 616,000 53,751 786087 566884 1352,971

-54 Feed Heat ExchanCier

Year 6 262 17,541 10,811 638 28,990 19,806 48,795
-54 Feed Heat Exchanaer 262 17 541 10,811 638 28990 19,806 48,795

-54a Disposal Cask Vaper Condensor

Year 6 242 16205 10811 638 27,654 18,937 46591
-54a Disposal Cask VaDer Condensor 242 16205 10811 638 27654 18937 46591

-62 Aoitator
Year 6 105 6202 18,494 24696 17 598 42294

-62 ADitator 105 6,202 18,494 24696 17598 42,294
1.01.04.02 Vault 34794 1889044 4671,180 945,586 24112 7529922 5318669 12848591

1.01.04.03 Vault Common
-25 Chilled Water System

Year 6 537 35965 35965 23393 59357
-25 Chilled Water SYstem 537 35965 35965 23393 59357

-25a Chiller Pad
Year 5 111 4592 2156 42 142 6,931 4504 11,435

-25a Chiller Pad 111 4592 2,156 42 142 6,931 4504 11435
-26 Recirculation AHU & Process Off Gas Ventilation

Year 6 2,744 181814 65,516 5,988 253,319 170,701 424020
-26 Recirculation AHU & Process Off Gas Ventilation 2744 181814 65516 5988 253319 170701 424020

-27 Vault Ventilation

Year 6 534 33922 5306 39228 25955 65183
-27 Vault Ventilation 534 33922 5,306 39228 25955 65183

-33 Ventilation/sample rooms

Year 6 2,454 117,882 74,806 3,817 833 197338 134880 332219
-33 Ventilation/sarno Ie rooms 2,454 117,882 74806 3,817 833 197338 134880 332219

-34 Chemical Storaae Containment Basins

Year 6 1707 72450 48732 1,015 762 122,959 84106 207065
-34 Chemical StoraQe Containment Basins 1707 72,450 48732 1015 762 122959 84106 207065

-43 Bulk NaOH 50 wt%

Year 6 223 13972 141674 2005 157651 114466 272117
-43 Bulk NaOH 50 wt% 223 13,972 141,674 2,005 157651 114466 272,117

-44 0.1 M NaOH
Year 6 179 11,198 27,719 1503 40,420 28,716 69,136

-44 0.1 M NaOH 179 11,198 27,719 1,503 40,420 28716 69,136
-45 0.5 M NaOH
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Year 6 189 11,813 31692 1503 45,008 32030 77,039
-45 0.5 M NaOH 189 11,813 31692 1503 45,008 32,030 77,039

-46 Bulk HN03
Year 6 239 15160 131220 1842 148,222 107453 255675

-46 Bulk HN03 239 15160 131220 1842 148222 107453 255675
-470.45 M HN03

Year 6 254 16093 140764 2,088 158,945 115,240 274,185
-470.45 M HN03 254 16,093 140,764 2,088 158945 115240 274,185

-48 Bulk NaN02, 20 wt%

Year 6 131 8,224 22,318 623 31165 22,175 53,341
-48 Bulk NaN02 20 wt% 131 8224 22318 623 31165 22175 53341

-49 Water Tank

Year 6 518 33866 47563 2411 83840 58680 142520
-49 Water Tank 518 33866 47563 2411 83840 58680 142520

87a Transfer Line Waste Feed

Year 5 1,138 75,875 26,377 3,693 122 106067 68621 174689
87a Transfer Line Waste Feed 1,138 75,875 26,377 3,693 122 106067 68621 174689

87b Transfer Line LAW

Year 5 1702 113615 31,212 5,262 122 150211 96674 246885
87b Transfer Line LAW 1702 113615 31212 5262 122 150,211 96674 246,885
1.01.04.03 Vault Common 12662 746441 797058 31791 1982 1577 271 1087593 2664864

1.01.04.04 Above Grade
-35 Ion Exc Resin & cask containment

Year 5 620 27,464 25,795 906 172 54337 36092 90429
-35 Ion Exc Resin & cask containment 620 27,464 25,795 906 172 54,337 36,092 90429
1.01.04.04 Above Grade 620 27464 25795 906 172 54337 36092 90429

1.01.04.07 Filtration
-52 Rotarv Microfilter

Year 6 11877 702306 132200 317134 156563 1308203 888190 2196393
-52 Rotarv Microfilter 11,877 702306 132,200 317134 156563 1,308203 888190 2,196393
1.01.04.07 Filtration 11877 702306 132200 317134 156563 1308203 888190 2196393
1.01.04 Construction 105,817 6544,416 5,626,239 1,295,444 186,559 13,652658 9,368748 23,021406
1.01 Caoital Construction 280,065 43,052921 5,626,239 6042,456 186,559 54908176 29536040 84,444,216

1.020oerations
1.02.00 Start up

1.02.00.01 Plant Start Up

-88 Start UP

Year 7 41600 3409463 3409463 1902925 5312388
Year 8 6928 567807 567807 332979 900786

-88 Start up 48528 3977,270 3977 270 2,235,904 6213174
1.02.00.01 Plant Start Up 48,528 3977 270 3977 270 2235904 6213174
1.02.00 Start UP 48528 3977,270 3,977 270 2235,904 6213,174

1.02.01 Operations

1.02.01.01 Operations
-85 ODe rations

Year 8 99840 6388088 1,481348 448005 8317441 5000551 13317992
Year 9 99,840 6388088 1481,359 448016 8317 463 5241771 13559234
Year 10 99,840 6388,088 1,481,348 448,005 8,317 441 5,489617 13,807058
Year11 99,840 6,388,088 1,481348 448,005 8317441 5742467 14059,908
Year 12 99,840 6388088 1481,348 448005 8,317441 6001139 14,318580

-85 Operations 499200 31940438 7406751 2240037 41587227 27475545 69,062772
1.02.01.01 Operations 499200 31940438 7406751 2240037 41587227 27475545 69062772

1.02.01.02 Filter Reolacement

-52 Rotarv Microfilter

Year11 2,086 121393 124,200 3054,564 3300157 2889,542 6189700
-52 Rotarv Microfilter 2086 121393 124200 3,054,564 3,300,157 2889542 6189,700

-52a Rotarv Microfilter Site Suooort

Year11 2,709 205,592 205,592 138,904 344,497

597



CH2MHILL Spreadsheet Report
IPS Project Rev 8

RPP-RPT-37741, Rev 0
Page 19

6/17/200810:39 PM

Spreadsheet Level
Labor Man

Labor Amount Material Amount Sub Amount Equip Amount other Amount Total Amount Addon Amount Grand Total
Hrs

-52a Rotarv Microfilter Site Support 2709 205,592 205592 138904 344,497
1.02.01.02 Filter Reolacement 4,795 326985 124200 3054,564 3505749 3028447 6534196
1.02.01 Operations 503995 32267423 7530951 3054,564 2240037 45092,977 30503991 75596968
1.02 Operations 552523 36,244693 7530951 3054564 2,240037 49,070247 32739895 81,810142

1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina

1.03.01.01 D&D
-79 D&D

Year 13 2161,131 4,045,165 6,206,297 5328,914 11535,211
-79 D&D 2161131 4045,165 6206,297 5,328914 11,535,211
1.03.01.01 D&D 2161131 4045165 6206297 5328914 11535211
1.03.01 Deactivation & Decommissionina 2161131 4,045165 6206,297 5,328,914 11,535,211
1.03 Deactivation & Decommissionina 2161131 4045165 6206297 5328914 11535211

02a Ion Exchange - Rotar}! Micro Filter 832,588 79,297,614 13,157,191 2,161,131 9,097,021 6,471,762 110,184,719 67,604,849 177,789,568

02b Ion Exchange - Crossflow Filter
1.01 Caoital Construction

1.01.01 Proiect ManaqementiSupport

1.01.01.01 Project ManaCiement
-80 Pro"act Manaaement

Year 1 16,640 1288,818 1288818 517499 1,806,317
Year 2 16640 1288818 1288,818 549204 1838022
Year 3 16640 1288818 1288818 581554 1,870372
Year 4 16640 1288818 1288818 614805 1903623
Year 5 16640 1288818 1288818 648830 1937648
Year 6 16,640 1288818 1288,818 683628 1972446
Year 13 16,640 1288,818 1,288818 951960 2,240778

-80 Pro"act Manaaement 116,480 9,021,725 9021,725 4,547,480 13569,206
1.01.01.01 Pro"act Manaaement 116480 9021725 9021725 4547480 13569206

1.01.01.02 Requlatory
-81 Reoulatory

Year 1 16640 1329736 1329736 533929 1863665
Year 2 8320 664868 664868 283320 948188

-81 Requlatory 24,960 1,994604 1994604 817249 2,811853
1.01.01.02 Reoulatory 24960 1994604 1994604 817 249 2811853

1.01.01.03 Construction Management

-83 Construction Manaaement

Year 4 2142 170562 170562 81363 251925
Year 5 11753 928587 928587 467479 1,396,066
Year 6 10400 840393 840393 445770 1286163

-83 Construction Manaaement 24295 1939,542 1,939542 994,612 2,934,153
1.01.01.03 Construction Mana!=)ement 24295 1939542 1939542 994612 2934153

1.01.01.04 Procurement Support

-86 Procurement

Year 4 8320 503976 503,976 240,412 744,387
-86 Procurement 8,320 503976 503976 240412 744387
1.01.01.04 Procurement Support 8320 503976 503976 240412 744387

1.01.01.05 Acceptance, Startup, Testing

-84 Acceotance Start uo and Testina

Year 6 193 14980 14980 7946 22926
-84 Acceptance, Start up and TestinCi 193 14,980 14980 7946 22,926
1.01.01.05 Acceotance Startuo. Testing 193 14980 14980 7946 22926
1.01.01 Pro'ect ManaaementlSuooort 174248 13474,826 13474,826 6607,699 20082,525

1.01.02 Enqineerinq

1.01.02.01 Conce~tual Desion
-82 Enaineerina

Year 1 2722775 2722775 1093277 3816052
-82 Enqineerinq 2,722775 2722775 1,093277 3,816052
1.01.02.01 Conceptual Desion 2722775 2722775 1093277 3816052

1.01.02.02 Preliminarv Desian
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-82 Enaineerina

Year 2 4084163 4084163 1740,385 5,824,549
-82 Enqineerinq 4084163 4084163 1740385 5,824,549
1.01.02.02 Preliminarv Desicm 4084163 4084163 1740385 5824549

1.01.02.03 Detailed Desian
-82 Enaineerina

Year 3 4084163 4084163 1842898 5927,061
Year 4 4084,163 4,084163 1,948269 6,032432

-82 Enaineerina 8,168,326 8168,326 3791,167 11959494
1.01.02.03 Detailed Desian 8168326 8168326 3791167 11959494

1.01.02.04 Title 3 Engineering

-82 Enaineerina

Year 5 2722775 2722775 1370728 4093503
Year 6 2722775 2722775 1444242 4167018

-82 Enqineerinq 5,445551 5445551 2814970 8,260521
1.01.02.04 Title 3 Engineering 5445551 5445551 2814970 8260521
1.01.02 Enaineerina 20,420,815 20420,815 9439,800 29860,615

1.01.03 Technoloav 50ecific Ma"or Eauioment Procurement

1.01.03.01 Equipment Procurement

-25 Chilled Water System

Year 6 136000 136000 83427 219427
-25 Chilled Water SYstem 136000 136,000 83,427 219427

-26 Recirculation AHU & Process Off Gas Ventilation

Year 6 745,837 745837 457519 1,203356
-26 Recirculation AHU & Process Off Gas Ventilation 745,837 745,837 457,519 1203356

-27 Vault Ventilation

Year 6 559378 559378 343139 902,517
-27 Vault Ventilation 559378 559,378 343,139 902517

-38 IX Column
Year 6 200000 200000 122686 322686

-38 IX Column 200,000 200000 122686 322686
-40 Spent Resin Accumulation Tank & Condenser

Year 6 76388 76,388 46,859 123,247
-40 Soent Resin Accumulation Tank & Condenser 76,388 76,388 46,859 123,247

-41 Spent Resin Pump

Year 6 810 810 497 1307
-41 Soent Resin Pumo 810 810 497 1307

-53 Cross Flow Filter Eauioment

Year 6 200000 200000 122686 322,686
-53 Cross Flow Filter EQuioment 200,000 200,000 122686 322,686

-54 Feed Heat Exchanaer

Year 6 17 500 17 500 10,735 28235
-54 Feed Heat Exchan!=)er 17500 17 500 10735 28235

-54a Disoosal Cask Vaper Condensor

Year 6 11100 11100 6809 17 909
-54a Disoosal Cask Vaoer Condensor 11,100 11100 6809 17 909
1.01.03.01 Equipment Procurement 1947013 1947013 1194357 3141369
1.01.03 TechnoloQV Specific Ma·or EQuipment Procurement 1,947,013 1,947013 1,194357 3,141369

1.01.04 Construction

1.01.04.01 Subcontractor Staff
-99 Field Mana!=)ement

Year 5 20800 1444109 1444109 900301 2,344410
Year 6 20800 1444109 1444109 939292 2383401
Year 8 5200 361027 361027 255041 616068

-99 Field Mana!=)ement 46,800 3,249,244 3,249244 2,094634 5,343878
-99a TestinQ

Year 6 663 41,002 7 26 3,730 44,765 29,119 73,884
-99a Testina 663 41,002 7 26 3,730 44,765 29,119 73,884
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1.01.04.01 Subcontractor Staff 47463 3290246 7 26 373O 3294009 2123753 5417 762
1.01.04.02 Vault

-01 Feed Receipt Tank

Year 6 737 43842 292214 14368 350423 253372 603795
-01 Feed Receipt Tank 737 43842 292214 14368 350423 253372 603795

-02 Feed Pumo
Year 6 370 23894 8,570 867 33,332 22463 55795

-02 Feed Pump 370 23,894 857O 867 33332 22463 55,795
-06 Condensor

Year 6 194 12987 14700 27687 19,229 46,916
-06 Condensor 194 12987 14700 27687 19229 46916

-18 Law Product Tank#1 &#2
Year 6 1533 94599 663355 23435 781390 565243 1346633

-18 Law Product Tank #1 &#2 1,533 94599 663,355 23435 781390 565243 1,346633
-19 LAW Product Pump #1 &#2

Year 6 777 51,089 23,822 2,087 76998 52232 129229
-19 LAW Product Pumo #1 &#2 777 51,089 23,822 2,087 76998 52232 129,229

-21 Cs Product Tank

Year 6 846 51262 820688 14492 886442 645888 1532330
-21 Cs Product Tank 846 51262 820688 14492 886442 645888 1,532330

-22 Cs Product Pump

Year 6 383 24705 18326 836 43868 30123 73991
-22 Cs Product Pump 383 24705 18,326 836 43868 30123 73991

-30 Excavation & Backfill

Year 5 2423 104,750 168411 5,338 278,499 187,603 466,102
-30 Excavation & Backfill 2,423 104750 168,411 5,338 278499 187603 466,102

-31 Concrete Structure

Year 5 14864 703264 624380 49595 18,774 1,396,014 926,257 2,322271
-31 Concrete Structure 14864 703264 624380 49595 18774 1396014 926257 2322271

-36 Vault liner leak det. sumo Dumo

Year 6 5695 358896 290270 66069 715236 494787 1210023
-36 Vault liner,leak det., sump pump 5,695 358,896 290,270 66,069 715236 494787 1,210,023

-38 IX Column
Year 6 3,027 181113 623,361 49,381 853,855 611211 1,465,065

-38 IX Column 3027 181113 623361 49,381 853855 611211 1465065
-39 Spent Resin Disposal Cask 400 Clal capacity

Year 6 467 31257 2629 493954 527839 384539 912378
-39 Soent Resin Disposal Cask 400 aal caoacitv 467 31257 2629 493,954 527839 384539 912,378

-40 Spent Resin Accumulation Tank & Condenser

Year 6 597 37,636 610,770 5,524 653930 476488 1,130418
-40 Spent Resin Accumulation Tank & Condenser 597 37,636 610,770 5,524 653,930 476,488 1,130418

-41 Soent Resin Pumo

Year 6 113 7539 6108 319 13966 9618 23584
-41 Spent Resin Pump 113 7539 6108 319 13966 9618 23,584

-42 Resin Screen

Year 6 1 72 28 99 67 166
-42 Resin Screen 1 72 28 99 67 166

-50 Resin

Year 6 92 5,854 15842 1223 22920 16,324 39,245
-50 Resin 92 5854 15,842 1223 22,920 16,324 39,245

-51 Valve Vault

Year 6 2066 116336 616000 53751 786,087 566884 1,352971
-51 Valve Vault 2066 116336 616000 53751 786087 566884 1352971

-54 Feed Heat Exchanaer

Year 6 262 17 541 10,811 638 28,990 19806 48795
-54 Feed Heat ExchanCier 262 17 541 10,811 638 28,990 19806 48,795

-54a DisDosal Cask VaDer Condensor

Year 6 242 16,205 10,811 638 27,654 18,937 46,591
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-54a DisDosal Cask VaDer Condensor 242 16,205 10,811 638 27654 18937 46591
-62 Aaitatar

Year 6 105 6202 18494 24696 17598 42294
-62 Aaitatar 105 6202 18,494 24696 17 598 42294
1.01.04.02 Vault 34794 1889044 4671180 945586 24112 7,529922 5,318669 12848591

1.01.04.03 Vault Camman
-25 Chilled Water System

Year 6 537 35,965 35965 23393 59357
-25 Chilled Water SYstem 537 35965 35,965 23,393 59357

-25a Chiller Pad
Year 5 111 4592 2156 42 142 6931 4504 11435

-25a Chiller Pad 111 4592 2156 42 142 6,931 4504 11435
-26 Recirculation AHU & Process Off Gas Ventilation

Year 6 2744 181814 65516 5,988 253319 170701 424020
-26 Recirculation AHU & Process Off Gas Ventilation 2,744 181814 65,516 5,988 253319 170701 424020

-27 Vault Ventilation

Year 6 534 33,922 5306 39,228 25,955 65,183
-27 Vault Ventilation 534 33922 5,306 39,228 25,955 65,183

-33 Ventilation/sample rooms

Year 6 2454 117 882 74806 3817 833 197338 134880 332219
-33 Ventilation/samole rooms 2454 117882 74806 3817 833 197338 134880 332219

-34 Chemical Storaae Containment Basins

Year 6 1707 72450 48732 1015 762 122959 84106 207,065
-34 Chemical StoraQe Containment Basins 1707 72450 48732 1,015 762 122,959 84,106 207065

-43 Bulk NaOH, 50 wt%
Year 6 223 13972 141,674 2,005 157651 114,466 272,117

-43 Bulk NaOH 50 wt% 223 13972 141,674 2005 157651 114466 272117
-44 0.1 M NaOH

Year 6 179 11198 27719 1503 40420 28716 69136
-44 0.1 M NaOH 179 11198 27719 1,503 40420 28716 69136

-45 0.5 M NaOH
Year 6 189 11,813 31,692 1,503 45008 32030 77 039

-45 0.5 M NaOH 189 11,813 31,692 1,503 45008 32030 77 039
-46 Bulk HN03

Year 6 239 15160 131,220 1842 148222 107453 255675
-46 Bulk HN03 239 15160 131220 1842 148,222 107453 255675

-470.45 M HN03
Year 6 254 16093 140764 2088 158945 115240 274185

-470.45 M HN03 254 16093 140,764 2,088 158945 115240 274185
-48 Bulk NaN02, 20 wt%

Year 6 131 8,224 22318 623 31,165 22175 53,341
-48 Bulk NaN02 20 wt% 131 8,224 22,318 623 31,165 22,175 53,341

-49 Water Tank

Year 6 518 33866 47563 2411 83,840 58,680 142520
-49 Water Tank 518 33866 47563 2411 83840 58680 142520

87a Transfer Line Waste Feed

Year 5 1138 75875 26,377 3693 122 106067 68621 174,689
87a Transfer Line Waste Feed 1,138 75,875 26,377 3,693 122 106067 68621 174,689

87b Transfer Line LAW

Year 5 1702 113615 31212 5262 122 150,211 96,674 246,885
87b Transfer Line LAW 1702 113615 31212 5262 122 150211 96674 246885

87c Filter Concentrate Return

Year 5 8963 598178 137814 27788 371 764150 490139 1254290
87c Filter Concentrate Return 8963 598,178 137814 27788 371 764150 490139 1,254290
1.01.04.03 Vault Common 21625 1344619 934871 59579 2352 2341421 1577 732 3919153

1.01.04.04 Aboye Grade

-35 Ion Exc Resin & cask containment

Year 5 620 27,464 25,795 906 172 54,337 36,092 90,429
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-35 Ion Exc Resin & cask containment 620 27,464 25,795 906 172 54337 36092 90,429
1.01.04.04 Above Grade 620 27464 25795 906 172 54337 36092 90429

1.01.04.07 Filtration
-32 Cross Flow Filter Vault

Year 6 2573 120853 89849 6489 2644 219835 150984 370819
-32 Cross Flow Filter Vault 2,573 120,853 89,849 6,489 2644 219835 150984 370,819

-37 CFF Vault liner leak det., sump pump

Year 6 794 50,063 58,825 9,182 118069 82440 200509
-37 CFF Vault liner, leak det., sump Dump 794 50,063 58,825 9,182 118,069 82440 200509

-53 Cross Flow Filter Eauioment

Year 6 2,224 129029 527023 47464 703516 505270 1208786
-53 Cross Flow Filter EQuipment 2224 129029 527023 47,464 703,516 505270 1,208,786
1.01.04.07 Filtration 5590 299945 675697 63134 2644 1041420 738694 1780114
1.01.04 Construction 110,093 6851318 6,307550 1,069232 33011 14261111 9794940 24056050
1.01 Capital Construction 284,341 40,746959 6307,550 3016,245 33,011 50103765 27036795 77,140560

1.02 Operations

1.02.00 Start UD
1.02.00.01 Plant Start UD

-88 Start up

Year 7 41600 3,409463 3409463 1,902925 5,312388
Year 8 6928 567807 567807 332979 900786

-88 Start UD 48528 3977 270 3,977 270 2235904 6,213174
1.02.00.01 Plant Start Up 48528 3977 270 3977 270 2235904 6213174
1.02.00 Start UD 48,528 3977,270 3,977 270 2,235904 6,213174

1.02.01 Operations

1.02.01.010Derations
-85 Operations

Year 8 99840 6,388,088 1,481442 448,079 8,317,609 5,000,657 13,318,266
Year 9 99840 6388088 1481442 448079 8317 609 5241868 13559477
Year 10 99840 6388088 1,481442 448079 8317609 5489733 13807342
Year11 99,840 6388088 1481442 448079 8317 609 5742588 14060197
Year 12 99,840 6388,088 1,481,442 448,079 8,317 609 6,001266 14,318875

-850oerations 499,200 31,940438 7,407211 2240,395 41588045 27476112 69,064,156
1.02.01.010Derations 499200 31940438 7407211 2240395 41588045 27476112 69064156
1.02.01 Operations 499,200 31940438 7407,211 2240395 41588045 27476112 69064156
1.02 Operations 547728 35917708 7,407211 2,240395 45565315 29712015 75,277 330

1.03 Deactivation & Decommissionina

1.03.01 Deactivation & Decommissionina

1.03.01.01 D&D
-79 D&D

Year 13 2161,131 4,045,165 6,206,297 5328,914 11535,211
-79 D&D 2161131 4045,165 6206,297 5,328914 11,535,211
1.03.01.01 D&D 2161131 4045165 6206297 5328914 11535211
1.03.01 Deactivation & DecommissioninCi 2161131 4,045165 6206,297 5,328,914 11,535,211
1.03 Deactivation & Decommissionina 2161131 4045165 6206297 5328914 11535211

02b Ion Exchange - Crossflow Filter 832,069 76,664,668 13,714,762 2,161,131 3,016,245 6,318,571 101,875,376 62,077,724 163,953,101

03a Caustic Side Solvent Extraction - Rotar}! Micro Filter
1.01 Caoital Construction

1.01.01 Proiect ManaqementiSupport

1.01.01.01 Project ManaCiement

-80 Pro"ect Manaaement

Year 1 16,640 1288,818 1288818 517499 1,806,317
Year 2 16640 1288818 1288,818 549204 1838022
Year 3 16640 1288818 1288818 581554 1,870372
Year 4 16640 1288818 1288818 614805 1903623
Year 5 16640 1288818 1288818 648830 1937648
Year 6 16,640 1288818 1288,818 683628 1972446
Year 7 4160 322,204 322,204 179,832 502,037
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Year 15 16640 1,288,818 1,288,818 1037151 2325,969
-80 Pro"act Manaaement 120,640 9,343930 9,343,930 4,812,503 14,156,433
1.01.01.01 Project Manaqement 120640 9343930 9343930 4812503 14156433

1.01.01.02 Reoulatorv
-81 Reoulatorv

Year 1 16640 1329736 1329736 533929 1863665
Year 4 8320 664868 664868 317162 982,030

-81 Reoulatorv 24960 1994604 1994 604 851091 2,845695
1.01.01.02Re~ 24960 1994604 1994604 851091 2845695

1.01.01.03 Construction Manaaement

-83 Construction Mana~ement

Year 4 2142 170562 170562 81363 251925
Year 5 11753 928587 928587 467479 1396066
Year 6 10400 840393 840393 445770 1286163
Year 7 2600 210098 210098 117 262 327,360

-83 Construction ManaQement 26,895 2149,640 2,149640 1,111874 3,261,514
1.01.01.03 Construction Management 26,895 2149640 2149640 1111874 3261514

1.01.01.04 Procurement Suooort

-86 Procurement

Year 4 8320 503976 503976 240412 744387
-86 Procurement 8320 503976 503976 240412 744387
1.01.01.04 Procurement Suooort 8320 503976 503976 240412 744387

1.01.01.05 Acceptance Startup, Testing
-84 Acceptance, Start up and TestinQ

Year 7 193 14,980 14,980 8,361 23,341
-84 Acceotance, Start UD and Testina 193 14980 14980 8361 23,341
1.01.01.05 Acceptance Startup, Testinq 193 14980 14980 8361 23341
1.01.01 Pro"act ManaQementlSupport 181008 14,007129 14,007129 7,024241 21,031370

1.01.02 Enaineerina

1.01.02.01 Conceotual Desion
-82 Enqineerinq

Year 1 4944,282 4,944282 1,985279 6,929561
-82 Enaineerina 4,944,282 4944,282 1985,279 6,929561
1.01.02.01 Conceotual Desion 4944282 4944282 1985279 6929561

1.01.02.02 Preliminarv Desiqn
-82 EnCiineerinCi

Year 2 7416423 7416423 3160362 10576786
-82 Enaineerina 7416,423 7,416,423 3,160362 10,576,786
1.01.02.02 Preliminarv Desiqn 7416423 7416423 3160362 10576786

1.01.02.03 Detailed Desion
-82 Enaineerina

Year 3 7416423 7416,423 3346,515 10,762,938
Year 4 7416423 7416423 3537858 10954282

-82 EnCiineerinCi 14,832,847 14832847 6884,373 21,717 220
1.01.02.03 Detailed Desion 14832847 14,832847 6884373 21717 220

1.01.02.04 Title 3 Engineerino
-82 Enqineerinq

Year 5 4449,854 4,449854 2,240191 6,690045
Year 6 4,449,854 4449,854 2360,337 6810,191
Year 7 988,856 988856 551911 1,540,767

-82 Enqineerinq 9,888564 9888,564 5152439 15,041003
1.01.02.04 Title 3 Engineering 9888564 9888564 5152439 15041003
1.01.02 Enaineerina 37082117 37082117 17182453 54264570

1.01.03 Technoloav 50ecific Ma·or Eauioment Procurement

1.01.03.01 Equipment Procurement

-25 Chilled Water System

Year 6 136000 136,000 83,427 219,427
-25 Chilled Water SYstem 136,000 136,000 83,427 219,427

-26 Recirculation AHU & Process Off Gas Ventilation
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Year 6 745837 745,837 457519 1,203,356
-26 Recirculation AHU & Process Off Gas Ventilation 745,837 745,837 457519 1,203,356

-26a Off Gas Adsorber

Year 6 34670 34670 21268 55938
-26a Off Gas Adsorber 34670 34670 21268 55938

-27 Vault Ventilation

Year 6 559378 559,378 343,139 902517
-27 Vault Ventilation 559,378 559378 343139 902517

-52 Rotarv Microfilter

Year 6 3000,000 3000,000 1840,291 4840,291
-52 Rotary Microfilter 3000000 3000000 1840291 4,840291

-54 Feed Heat ExchanCier

Year 6 12900 12900 25800 15827 41627
-54 Feed Heat Exchanaer 12,900 12,900 25800 15827 41627

-55 Solvent Heat Exchan!=ler

Year 6 64,972 64972 39856 104828
-55 Solvent Heat Exchanaer 64 972 64972 39856 104828

-56 Solvent Hold Tank

Year 6 39,543 39543 24257 63800
-56 Solvent Hold Ta nk 39543 39543 24257 63,800

-57 Solvent Pum 0

Year 6 8100 8100 4969 13069
-57 Solvent Purn p 8,100 8100 4969 13069

-58 Extraction Contactor

Year 6 2,912000 2912000 1786,309 4698,309
-58 Extraction Contactor 2,912000 2,912,000 1786,309 4698309

-59 Scrub Contactors

Year 6 832000 832000 510374 1,342374
-59 Scrub Contactors 832000 832000 510374 1342374

-60 Wash Contactors

Year 6 416000 416000 255187 671187
-60 Wash Contactors 416,000 416000 255187 671,187

-61 Striooina Contactors

Year 6 4784,000 4784,000 2934,650 7718650
-61 Strip pin!=) Contactors 4784,000 4784000 2934650 7718650

-63 LAW Product Decanter

Year 7 52561 52561 33698 86259
-63 LAW Product Decanter 52561 52561 33,698 86259

-63a CS Product Decanter

Year 7 52,561 52561 33698 86259
-63a CS Product Decanter 52,561 52561 33,698 86,259

-64 StriDDinD Feed Tank
Year 7 39543 39543 25352 64895

-64 Strippino Feed Tank 39,543 39543 25,352 64895
-65 StriDDino Feed Tank PurnD

Year 7 8100 8100 5193 13293
-65 Strippinq Feed Tank Pump 8,100 8100 5193 13293
1.01.03.01 E9..!:!ipment Procurement 12900 13698165 13711065 8415014 22126078
1.01.03 Technoloav Soecific Ma·or Eauioment Procurement 12900 13,698165 13711,065 8415,014 22126,078

1.01.04 Construction

1.01.04.01 Subcontractor Staff

-99 Field Manaaement

Year 5 20800 1444109 1444109 900301 2344410
Year 6 20800 1444109 1444109 939292 2383401
Year 7 20,800 1444109 1444109 979,294 2,423,402
Year 8 5,200 361,027 361027 255041 616068

-99 Field Manaaement 67600 4,693353 4693,353 3073,927 7,767,280
-99a Testina
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Year 7 683 42,173 14 50 3,110 45,347 30,756 76,103
-gSa Testina 683 42173 14 50 3110 45,347 30,756 76,103
1.01.04.01 Subcontractor Staff 68283 4735526 14 50 3110 4738700 3104683 7843383

1.01.04.02 Vault
-01 Feed Receiot Tank

Year 6 640 39090 232980 9146 281217 203009 484226
-01 Feed Receipt Tank 640 39090 232,980 9,146 281217 203009 484 226

-02 Feed Pump

Year 6 256 16,188 19,894 250 36,333 25,304 61,636
-02 Feed Pumo 256 16188 19,894 250 36,333 25,304 61636

-18 Law Product Tank #1 &#2
Year 6 759 47227 531985 10281 589493 428432 1017 925

-18 Law Product Tank #1 &#2 759 47227 531985 10281 589493 428432 1017 925
-19 LAW Product Pumo #1 &#2

Year 6 629 40275 37,526 1169 78970 54576 133,547
-19 LAW Product Pump #1 &#2 629 40,275 37,526 1,169 78970 54576 133,547

-20 LAW Product Mixer

Year 6 816 52,838 26,600 1,689 81127 55,115 136,242
-20 LAW Product Mixer 816 52838 26600 1689 81127 55115 136242

-21 Cs Product Tank

Year 6 875 52965 1481974 15167 1550106 1132499 2682605
-21 Cs Product Tank 875 52,965 1481974 15167 1,550106 1,132,499 2,682605

-22 Cs Product Pump

Year 6 625 40,046 36,823 1,169 78038 53912 131949
-22 Cs Product Pumo 625 40,046 36,823 1,169 78,038 53,912 131949

-30 Excavation & Backfill

Year 5 3,695 159759 253937 8659 422355 284386 706741
-30 Excavation & Backfill 3695 159,759 253,937 8,659 422355 284,386 706,741

-31 Concrete Structure

Year 5 45456 2137604 1,435598 118028 34223 3725453 2451511 6,176964
-31 Concrete Structure 45,456 2,137604 1435,598 118,028 34,223 3725453 2451511 6,176964

-54 Feed Heat ExchanCier

Year 6 58 3,896 3,896 2534 6,430
-54 Feed Heat Exchanaer 58 3896 3,896 2,534 6,430

-55 Solvent Heat Exchan~er

Year 6 50 3340 64972 68312 49825 118136
-55 Solvent Heat Exchanaer 50 3340 64972 68,312 49825 118136

-56 Solvent Hold Tank

Year 6 643 38703 127,058 11475 177 236 126778 304,013
-56 Solvent Hold Tank 643 38703 127058 11,475 177 236 126778 304,013

-57 Solvent Pum D

Year 6 184 11351 5,977 157 17 485 11882 29,368
-57 Solvent Pum p 184 11351 5977 157 17 485 11882 29368

-58 Extraction Contactor

Year 6 5075 337824 5306 343130 223623 566753
-58 Extraction Contactor 5,075 337824 5,306 343130 223623 566753

-59 Scrub Contactors

Year 6 1,582 104,053 5,306 109359 71571 180930
-59 Scrub Contactors 1,582 104,053 5,306 109359 71571 180930

-60 Wash Contactors

Year 6 883 57299 5306 62605 41160 103765
-60 Wash Contactors 883 57299 5306 62605 41160 103,765

-61 Striooina Contactors

Year 6 8220 548218 5306 553524 360469 913994
-61 Strip pin!=) Contactors 8,220 548,218 5,306 553524 360469 913994

-62 AQitator

Year 7 105 6,202 18494 24,696 18,282 42978
-62 Aoitator 105 6,202 18,494 24696 18282 42,978

-63 LAW Product Decanter
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Year 7 231 15,160 10811 1680 27651 19,788 47,439
-63 LAW Product Decanter 231 15160 10,811 1680 27,651 19,788 47439

-63a CS Product Decanter

Year 7 231 15160 10811 1680 27651 19788 47439
-63a CS Product Decanter 231 15160 10811 1680 27651 19788 47439

-64 StriDDinD Feed Tank
Year 7 536 32566 97738 9010 139,314 103,333 242,647

-64 StriDDinQ Feed Tank 536 32566 97,738 9010 139314 103333 242,647
-65 StriDDinQ Feed Tank PumD

Year 7 399 24838 24,006 638 49,482 35,601 85,083
-65 Strippinq Feed Tank Pump 399 24838 24,006 638 49482 35601 85083
1.01.04.02 Vault 71947 3784601 4184472 435478 42882 8447433 5773377 14220810

1.01.04.03 Vault Common

-25 Chilled Water SYstem
Year 6 537 35965 35965 23393 59357

-25 Chilled Water System 537 35,965 35965 23393 59,357
-25a Chiller Pad

Year 5 118 4,874 2288 44 150 7357 4780 12,137
-25a Chiller Pad 118 4874 2288 44 150 7357 4780 12137

-26 Recirculation AHU & Process Off Gas Ventilation

Year 6 2753 182381 67466 5988 255836 172500 428336
-26 Recirculation AHU & Process Off Gas Ventilation 2753 182,381 67466 5,988 255836 172500 428336

-26a Off Gas Adsorber

Year 6 359 22,233 5,306 27539 18353 45892
-26a Off Gas Adsorber 359 22,233 5,306 27,539 18,353 45,892

-27 Vault Ventilation

Year 6 534 33922 5306 39228 25955 65183
-27 Vault Ventilation 534 33,922 5306 39228 25955 65183

-33 Ventilation/samole rooms

Year 6 2454 117882 74806 3817 833 197338 134880 332219
-33 Ventilation/sample rooms 2,454 117 882 74,806 3,817 833 197338 134880 332219

-34 Chemical StoraQe Containment Basins

Year 6 2542 116,397 76433 2153 1,567 196,550 134,364 330,914
-34 Chemical Storaae Containment Basins 2,542 116397 76,433 2,153 1,567 196,550 134,364 330,914

-49 Water Tank

Year 6 302 19387 53405 1905 74697 53176 127872
-49 Water Tank 302 19387 53405 1905 74697 53176 127872

-66 Bulk NaOH
Year 7 264 16722 141751 1718 160190 120538 280728

-66 Bulk NaOH 264 16,722 141751 1,718 160,190 120538 280,728
-67 .01 M NaOH

Year 7 249 15518 108221 2471 126,211 94775 220,986
-67 .01 M NaOH 249 15518 108,221 2,471 126211 94775 220986

-680.5 M HN03
Year 7 302 19064 124588 2876 146528 109945 256473

-680.5 M HN03 302 19064 124,588 2,876 146528 109945 256473
-69 0.001 M NaOH

Year 7 316 19,960 139,274 2,921 162156 121765 283921
-69 0.001 M NaOH 316 19960 139,274 2,921 162156 121,765 283921

-70 HN03
Year 7 213 13654 37649 805 52108 38,528 90636

-70 HN03 213 13654 37649 805 52108 38528 90636
-71 NaN02

Year 7 138 8561 41014 915 50491 37719 88210
-71 NaN02 138 8561 41,014 915 50491 37719 88210

87a Transfer Line Waste Feed

Year 5 1138 75,875 26377 3693 122 106,067 68,621 174,689
87a Transfer Line Waste Feed 1,138 75875 26,377 3,693 122 106,067 68621 174689

87b Transfer Line LAW
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Year 5 1,702 113,615 31212 5262 122 150,211 96,674 246,885
87b Transfer Line LAW 1,702 113615 31212 5262 122 150,211 96,674 246,885
1.01.04.03 Vault Common 13922 816010 935096 34570 2795 1788470 1255965 3044436

1.01.04.07 Filtration
-52 Rotarv Microfilter

Year 6 11877 702306 132200 317134 156563 1308203 888190 2196393
-52 Rotary Microfilter 11,877 702306 132,200 317,134 156563 1308203 888190 2,196393
1.01.04.07 Filtration 11877 702306 132200 317134 156563 1308203 888190 2196393
1.01.04 Construction 166030 10,038,443 5,251,783 787231 205,350 16,282806 11022215 27305,021
1.01 Caoital Construction 347038 61,127688 5,264683 14485,396 205,350 81,083,116 43,643,923 124727039

1.02 Operations

1.02.00 Start up
1.02.00.01 Plant Start Up

-88 Start uo
Year 8 41,600 3409463 3409463 1999412 5408876
Year 9 31,200 2557,097 2,557097 1,573715 4,130813

-88 Start UP 72,800 5,966,561 5966561 3573128 9,539688
1.02.00.01 Plant Start Uo 72800 5966561 5966561 3573128 9539688
1.02.00 Start up 72800 5966561 5966561 3573128 9539688

1.02.01 Operations
1.02.01.01 Operations

-850oerations
Year 10 108160 6803880 1524336 298879 8627095 5692982 14320077
Year11 108,160 6803,880 1,524,336 298,879 8,627095 5,955246 14,582341
Year 12 108160 6,803,880 1,524336 298,879 8627,095 6,223,549 14850,644
Year 13 108160 6803880 1524,336 298879 8627095 6498753 15,125,848
Year 14 108160 6803880 1524,336 298879 8627095 6780859 15407954

-85 Operations 540800 34,019398 7,621680 1494,396 43135474 31151,390 74,286,863
1.02.01.01 Operations 540800 34019398 7621680 1494396 43135474 31151390 74286863

1.02.01.02 Filter Reolacement

-52 Rotary Microfilter

Year 13 2,086 121,393 124,200 3,054,564 3,300157 3,097452 6,397610
-52 Rotary Microfilter 2,086 121,393 124200 3054564 3300157 3097452 6,397610

-52a Rotarv Microfilter Site Support

Year 13 2709 205592 205592 151857 357449
-52a Rotary Microfilter Site Support 2709 205592 205592 151857 357449
1.02.01.02 Filter Reolacement 4795 326985 124200 3054564 3505749 3,249309 6755058
1.02.010oerations 545595 34346383 7745880 3,054564 1494396 46641223 34400699 81041922
1.02 Operations 618,395 40312,944 7745,880 3,054,564 1,494,396 52607784 37973826 90,581610

1.03 Deactivation & DecommissioninQ

1.03.01 Deactivation & Decommissionina

1.03.01.01 D&D
-79 D&D

Year 15 3413728 6389751 9,803479 9065573 18,869052
-79 D&D 3413728 6389751 9803479 9065573 18869052
1.03.01.01 D&D 3413728 6389751 9803479 9065573 18869052
1.03.01 Deactivation & Decommissionin!=l 3413,728 6389751 9803479 9065573 18869052
1.03 Deactivation & DecommissioninQ 3,413,728 6389751 9,803479 9,065573 18,869,052

03a Caustic Side Solvent Extraction - Rotary 965,433 101,440,632 13,010,562 3,413,728 17,539,960 8,089,496 143,494,379 90,683,322 234,177,701

Micro Filter

03b Caustic Side Solvent Extraction - Crossflow Filter
1.01 Caoital Construction

1.01.01 Pro·ect ManaaementlSuooort

1.01.01.01 Proiect Manaqement
-80 Pro·ect ManaQement

Year 1 16640 1288818 1288818 517 499 1806317
Year 2 16640 1288818 1,288818 549204 1,838022
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Year 3 16640 1,288,818 1,288,818 581,554 1870,372
Year 4 16,640 1288,818 1288818 614,805 1,903,623
Year 5 16640 1288818 1288,818 648,830 1937648
Year 6 16640 1288818 1288818 683,628 1,972446
Year 7 3840 297420 297420 165999 463418
Year 15 16640 1288818 1288818 1037151 2325969

-80 Project Mana!=lement 120,320 9319145 9319145 4798670 14,117815
1.01.01.01 Project ManaCiement 120320 9319145 9319145 4798670 14117815

1.01.01.02 Regulatory
-81 Reoulatorv

Year 1 16,640 1329736 1329736 533929 1863665
Year 4 8320 664868 664,868 317162 982030

-81 Reaulatorv 24960 1994604 1994604 851091 2845695
1.01.01.02 Reaulatory 24960 1994604 1994604 851091 2845695

1.01.01.03 Construction Management

-83 Construction ManaCiement

Year 4 2142 170,562 170,562 81,363 251,925
Year 5 11753 928,587 928587 467479 1,396,066
Year 6 10400 840393 840393 445770 1286163

-83 Construction ManaQement 24295 1939542 1939542 994612 2934153
1.01.01.03 Construction Manaaement 24295 1939542 1939542 994612 2934153

1.01.01.04 Procurement SUDDort

-86 Procurement

Year 4 8,320 503,976 503976 240412 744387
-86 Procurement 8,320 503976 503,976 240,412 744387
1.01.01.04 Procurement SUDDort 8320 503976 503976 240412 744387

1.01.01.05 Acceptance Startup, Testino
-84 Acceptance, Start up and TestinCi

Year 7 193 14980 14980 8361 23341
-84 Acceotance Start UD and Testina 193 14980 14980 8361 23341
1.01.01.05 Acceptance, Startup, Testino 193 14980 14980 8361 23341
1.01.01 Pro"act ManaQementlSupport 178,088 13772,246 13,772246 6,893145 20,665391

1.01.02 Enaineerina

1.01.02.01 Conceotual Desian
-82 Enoineerino

Year 1 4614004 4614004 1,852662 6466,666
-82 Enaineerina 4614004 4614004 1852662 6466666
1.01.02.01 Conceotual Desian 4614004 4614004 1852662 6466666

1.01.02.02 Prelimina~ Design

-82 EnCiineerinCi

Year 2 6,806,765 6806,765 2900,569 9707,334
-82 Enaineerina 6,806765 6,806,765 2,900,569 9707334
1.01.02.02 Preliminary Desion 6806765 6806765 2900569 9707334

1.01.02.03 Detailed Desion
-82 Enaineerina

Year 3 6806765 6806765 3071418 9878184
Year 4 6806765 6806765 3247033 10053798

-82 EnQineerinQ 13613,530 13,613530 6,318451 19,931,982
1.01.02.03 Detailed Desian 13613530 13613530 6318451 19,931982

1.01.02.04 Title 3 Enaineering
-82 Enoineerino

Year 5 4084059 4084059 2056,039 6,140098
Year 6 4084059 4084059 2166309 6250368
Year 7 907569 907569 506542 1414110

-82 Enoineerino 9,075687 9,075687 4728889 13,804 576
1.01.02.04 Title 3 Engineering 9075687 9075687 4728889 13804576
1.01.02 Enaineerina 34,109,986 34109,986 15800,571 49910,557

1.01.03 Technoloav 50ecific Ma·or Eauioment Procurement

1.01.03.01 Equipment Procurement
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-25 Chilled Water Svstem
Year 6 136,000 136,000 83,427 219,427

-25 Chilled Water Svstem 136000 136000 83427 219427
-26 Recirculation AHU & Process Off Gas Ventilation

Year 6 745837 745837 457519 1203356
-26 Recirculation AHU & Process Off Gas Ventilation 745,837 745837 457519 1,203356

-26a Off Gas Adsorber

Year 6 34,670 34670 21268 55938
-26a Off Gas Adsorber 34 670 34,670 21,268 55938

-27 Vault Ventilation

Year 6 559378 559378 343139 902,517
-27 Vault Ventilation 559378 559,378 343,139 902517

-53 Cross Flow Filter Eauioment

Year 6 200000 200000 122686 322686
-53 Cross Flow Filter Equipment 200,000 200000 122686 322686

-54 Feed Heat ExchanCier

Year 6 12900 12900 25,800 15,827 41,627
-54 Feed Heat Exchanaer 12,900 12,900 25,800 15,827 41,627

-55 Solvent Heat Exchan~er

Year 6 64972 64972 39856 104828
-55 Solvent Heat Exchanaer 64972 64972 39856 104828

-56 Solvent Hold Tank

Year 6 39543 39,543 24257 63800
-56 Solvent Hold Tank 39,543 39543 24257 63800

-57 Solvent Pum D

Year 6 8100 8100 4,969 13,069
-57 Solvent Pum p 8100 8100 4,969 13069

-58 Extraction Contactor

Year 6 2912000 2912000 1786309 4698309
-58 Extraction Contactor 2912,000 2,912000 1,786309 4,698309

-59 Scrub Contactors

Year 6 832,000 832000 510374 1,342374
-59 Scrub Contactors 832,000 832000 510374 1,342374

-60 Wash Contactors

Year 6 416,000 416000 255187 671187
-60 Wash Contactors 416000 416000 255187 671187

-61 Striooina Contactors

Year 6 4,784000 4784000 2934650 7718650
-61 Strip pin!=) Contactors 4,784,000 4784 000 2934650 7,718650

-63 LAW Product Decanter

Year 7 52561 52561 33,698 86,259
-63 LAW Product Decanter 52561 52,561 33,698 86,259

-63a CS Product Decanter

Year 7 52561 52561 33,698 86,259
-63a CS Product Decanter 52561 52561 33698 86259

-64 Striooino Feed Tank
Year 7 39543 39543 25352 64,895

-64 Strippino Feed Tank 39,543 39543 25352 64,895
-65 Striooino Feed Tank Pumo

Year 7 8100 8100 5,193 13,293
-65 Strippinq Feed Tank Pump 8100 8100 5193 13293
1.01.03.01 Eauipment Procurement 12900 10898165 10911065 6697409 17 608 474
1.01.03 Technoloav Soecific Ma·or Eauioment Procurement 12900 10898165 10911065 6697409 17 608 474

1.01.04 Construction

1.01.04.01 Subcontractor Staff

-99 Field ManaCiement

Year 5 20,800 1,444,109 1444,109 900,301 2344,410
Year 6 20,800 1,444,109 1,444,109 939,292 2,383,401
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Year 7 20800 1,444,109 1444,109 979,294 2423,402
Year 8 6,800 472112 472,112 320,154 792,266

-99 Field Mana!=)ement 69200 4804438 4804438 3139041 7,943479
-gSa TestinCi

Year 7 683 42173 14 50 2490 44727 30336 75062
-gSa Testina 683 42,173 14 50 2490 44727 30336 75062
1.01.04.01 Subcontractor Staff 69883 4846611 14 50 2490 4849165 3169376 8018541

1.01.04.02 Vault
-01 Feed ReceiDt Tank

Year 6 640 39090 232,980 9,146 281217 203,009 484,226
-01 Feed Receipt Tank 640 39090 232980 9146 281217 203009 484226

-02 Feed Pump

Year 6 256 16188 19894 250 36333 25304 61636
-02 Feed Pumo 256 16188 19,894 250 36333 25304 61636

-18 Law Product Tank #1 &#2
Year 6 759 47,227 531,985 10,281 589493 428432 1,017 925

-18 Law Product Tank #1 &#2 759 47,227 531,985 10,281 589493 428432 1,017 925
-19 LAW Product Pumo #1 &#2

Year 6 629 40275 37526 1169 78,970 54576 133547
-19 LAW Product Pump #1 &#2 629 40275 37526 1169 78970 54576 133,547

-20 LAW Product Mixer

Year 6 816 52838 26600 1689 81127 55115 136242
-20 LAW Product Mixer 816 52838 26,600 1,689 81127 55115 136242

-21 Cs Product Tank

Year 6 875 52,965 1,481974 15167 1550,106 1132499 2682605
-21 Cs Product Tank 875 52965 1481974 15167 1,550,106 1,132,499 2682,605

-22 Cs Product Pump

Year 6 625 40046 36823 1169 78,038 53,912 131949
-22 Cs Product Pumo 625 40046 36823 1169 78038 53912 131949

-30 Excavation & Backfill

Year 5 3695 159759 253937 8659 422355 284 386 706,741
-30 Excavation & Backfill 3,695 159,759 253,937 8659 422355 284386 706,741

-31 Concrete Structure

Year 5 45,456 2137604 1435,598 118028 34223 3725,453 2451511 6176,964
-31 Concrete Structure 45456 2137604 1435598 118,028 34223 3725453 2451511 6,176964

-54 Feed Heat ExchanCier

Year 6 58 3896 3896 2534 6430
-54 Feed Heat Exchanaer 58 3,896 3896 2534 6,430

-55 Solvent Heat Exchan!=)er

Year 6 50 3,340 64,972 68312 49825 118136
-55 Solvent Heat Exchanaer 50 3340 64,972 68,312 49825 118136

-56 Solvent Hold Tank

Year 6 643 38703 127058 11475 177236 126778 304013
-56 Solvent Hold Ta nk 643 38,703 127058 11,475 177 236 126,778 304013

-57 Solvent Pum 0

Year 6 184 11351 5977 157 17 485 11882 29368
-57 Solvent Pum p 184 11351 5,977 157 17485 11882 29368

-58 Extraction Contactor

Year 6 5075 337,824 5306 343130 223,623 566,753
-58 Extraction Contactor 5,075 337824 5,306 343,130 223,623 566,753

-59 Scrub Contactors

Year 6 1582 104053 5306 109359 71571 180930
-59 Scrub Contactors 1582 104053 5306 109359 71571 180930

-60 Wash Contactors

Year 6 883 57299 5306 62605 41160 103765
-60 Wash Contactors 883 57,299 5,306 62605 41160 103765

-61 Striooina Contactors

Year 6 8,220 548,218 5,306 553,524 360,469 913,994
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-61 Striooina Contactors 8,220 548,218 5,306 553524 360469 913994
-62 Aaitatar

Year 7 105 6202 18494 24696 18282 42978
-62 Aaitatar 105 6202 18,494 24696 18,282 42978

-63 LAW Product Decanter

Year 7 231 15160 10811 1680 27651 19788 47439
-63 LAW Product Decanter 231 15160 10,811 1,680 27651 19788 47439

-63a CS Product Decanter

Year 7 231 15,160 10,811 1680 27,651 19,788 47,439
-63a CS Product Decanter 231 15160 10,811 1680 27651 19,788 47439

-64 Strippinq Feed Tank

Year 7 536 32566 97738 9010 139314 103333 242647
-64 StriDDina Feed Tank 536 32566 97738 9010 139314 103333 242647

-65 StriDDina Feed Tank PumD
Year 7 399 24838 24006 638 49482 35601 85083

-65 Strippina Feed Tank Pump 399 24,838 24,006 638 49482 35601 85,083
1.01.04.02 Vault 71,947 3784601 4184472 435,478 42,882 8447433 5773377 14220810

1.01.04.03 Vault Camman
-25 Chilled Water System

Year 6 537 35965 35965 23393 59357
-25 Chilled Water SYstem 537 35965 35965 23393 59357

-25a Chiller Pad
Year 5 118 4874 2,288 44 150 7357 4780 12137

-25a Chiller Pad 118 4,874 2288 44 150 7357 4780 12137
-26 Recirculation AHU & Process Off Gas Ventilation

Year 6 2,753 182381 67466 5,988 255,836 172,500 428336
-26 Recirculation AHU & Process Off Gas Ventilation 2753 182381 67466 5988 255836 172,500 428336

-26a Off Gas Adsorber

Year 6 359 22233 5306 27539 18353 45892
-26a Off Gas Adsorber 359 22233 5,306 27539 18353 45892

-27 Vault Ventilation
Year 6 534 33,922 5,306 39228 25955 65183

-27 Vault Ventilation 534 33922 5,306 39,228 25955 65,183
-33 Ventilation/samole rooms

Year 6 2454 117882 74,806 3817 833 197338 134880 332219
-33 Ventilation/sample rooms 2454 117882 74806 3817 833 197338 134880 332219

-34 Chemical Storaae Containment Basins

Year 6 2542 116397 76433 2153 1567 196550 134365 330914
-34 Chemical Stora!=le Containment Basins 2,542 116397 76433 2,153 1567 196550 134365 330914

-49 Water Tank

Year 6 302 19,387 53405 1905 74,697 53,176 127,872
-49 Water Tank 302 19387 53,405 1,905 74697 53,176 127872

-66 Bulk NaOH
Year 7 264 16722 141751 1718 160190 120538 280728

-66 Bulk NaOH 264 16722 141751 1718 160190 120538 280728
-67 .01 M NaOH

Year 7 249 15518 108221 2471 126211 94775 220986
-67 .01 M NaOH 249 15,518 108,221 2,471 126211 94775 220,986

-680.5 M HN03
Year 7 302 19064 124,588 2,876 146,528 109,945 256,473

-680.5 M HN03 302 19064 124,588 2,876 146528 109945 256473
-69 0.001 M NaOH

Year 7 316 19960 139274 2921 162156 121765 283921
-69 0.001 M NaOH 316 19960 139274 2921 162156 121765 283921

-70 HN03
Year 7 213 13,654 37,649 805 52108 38528 90636

-70 HN03 213 13654 37649 805 52108 38,528 90636
-71 NaN02
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Year 7 138 8,561 41014 915 50491 37,719 88,210
-71 NaN02 138 8,561 41014 915 50,491 37719 88210

87a Transfer Line Waste Feed

Year 5 1138 75875 26377 3693 122 106,067 68,621 174689
87a Transfer Line Waste Feed 1138 75875 26377 3693 122 106067 68,621 174689

87b Transfer Line LAW

Year 5 1702 113615 31,212 5,262 122 150211 96674 246885
87b Transfer Line LAW 1702 113615 31212 5,262 122 150211 96674 246885

87c Filter Concentrate Return

Year 5 8963 598178 137814 27788 371 764,150 490,139 1254,290
87c Filter Concentrate Return 8963 598178 137814 27788 371 764150 490139 1254290
1.01.04.03 Vault Common 22886 1414188 1072910 62357 3165 2552621 1746105 4298726

1.01.04.07 Filtration
-32 Cross Flow Filter Vault

Year 6 2,573 120853 89849 6489 2644 219835 150984 370819
-32 Cross Flow Filter Vault 2,573 120,853 89,849 6,489 2644 219835 150984 370,819

-37 CFF Vault liner, leak det. sumo Dump

Year 6 1,588 100125 117,649 18363 236,138 164,880 401,018
-37 CFF Vault liner leak det. sump pump 1,588 100125 117,649 18,363 236138 164880 401018

-53 Cross Flow Filter EQuipment

Year 6 2224 129029 527023 48590 704642 506097 1210739
-53 Cross Flow Filter Eauioment 2224 129,029 527023 48,590 704642 506,097 1,210,739
1.01.04.07 Filtration 6384 350007 734522 73443 2644 1160616 821961 1982576
1.01.04 Construction 171,100 10395,407 5,991,918 571,328 51,181 17,009835 11,510818 28,520653
1.01 Caoital Construction 349,188 58,277,639 6,004818 11469,493 51,181 75803,131 40901,944 116,705075

1.020oerations
1.02.00 Start up

1.02.00.01 Plant Start Up

-88 Start UP

Year 8 41600 3409463 3409463 1999412 5408876
Year 9 31200 2557097 2557097 1,573715 4130813

-88 Start up 72,800 5966,561 5,966561 3,573128 9,539,688
1.02.00.01 Plant Start Up 72800 5966561 5966561 3573128 9,539688
1.02.00 Start UP 72,800 5966,561 5966,561 3,573,128 9,539,688

1.02.01 Operations

1.02.01.01 Operations
-850oerations

Year 10 108160 6803880 1,524430 298953 8627263 5693099 14320361
Year11 108160 6803880 1524430 298953 8627263 5955,367 14582,630
Year 12 108,160 6803,880 1,524,430 298,953 8,627263 6,223675 14,850938
Year 13 108160 6,803,880 1,524430 298,953 8627,263 6498,885 15126,148
Year 14 108160 6803880 1524,430 298953 8627263 6780,996 15408259

-85 Operations 540800 34019398 7622151 1494764 43136313 31152023 74288335
1.02.01.01 Operations 540800 34,019398 7622151 1494764 43136313 31,152023 74288335
1.02.010oerations 540800 34019398 7622151 1494764 43136313 31152023 74288335
1.020oerations 613,600 39985959 7622,151 1494764 49,102874 34,725150 83,828024

1.03 Deactivation & Decommissionin!=l

1.03.01 Deactivation & DecommissioninQ

1.03.01.01 D&D
-79 D&D

Year 15 3413728 6389751 9803479 9065573 18869052
-79 D&D 3,413,728 6,389751 9803479 9,065573 18869052
1.03.01.01 D&D 3413728 6389751 9,803479 9,065573 18,869052
1.03.01 Deactivation & Decommissionina 3413728 6389751 9,803479 9065573 18869052
1.03 Deactivation & Decommissionin!=l 3413728 6,389751 9803479 9,065573 18,869052

03b Caustic Side Solvent Extraction - Crossflow 962,788 98,263,598 13,626,969 3,413,728 11,469,493 7,935,696 134,709,483 84,692,667 219,402,150

Filter
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Labor rate table

Equipment rate table

Notes

Report fonnat

IPS Project Rev 8

Hanford

COMM2008

For all cases, conceptual design starts 1012008. "Design duration"

below includes conceptual, preliminary, detailed (Title I & II).

1) Solvent Extraction/Cross Flow Filter - design duration 44 months.

construction duration 37 months

2) Solvent Extraction/Rotary Micro Filter - design duration 44 months.

construction duration 35 months.

3) Fractional Crystallization/Cross Flow Filter - design duration 44

months.

construction duration 33

months.

4) Fractional Crystallization/Rotary Micro Filter - design duration 44

months.

construction duration 32

months

5) Ion Exchange/Cross FIO'N Filter - design duration 44 months.

construction duration 27 months.

6) Ion Exchange/Rotary Micro Filter - design duration 44 months.

construction duration 26 months

Conceptual design - 10% of construction costs

Preliminary design - 15% of construction costs

Detailed design - 30% of construction costs

Title III design - 20% of construction costs

Project Management,and Construction Management crew loaded by

year.

Sorted by 'WBS LvI1/WBS Lvl2ANBS Lvl3ANBS Lvl4/Class ID/FB Year'

'Detail'summary
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01a Fractional Crystallization - Rotary MicroFilter
1.01 Capital Construction

1.01.01 Project Management/Support
1.01.01.01 Project Management

-80 Project Management

Year 1
Pro"ect Manaaement Staff 52.00 wk oPM Staff 16640 320.000 mhfwk 77.45 Imh 1,288818 1288818 517499 1806317

Year 1 16640 1 288,818 1,288,818 517 499 1,806,317

Year 2
Pro"ect Manaaement Staff 52.00 wk oPM Staff 16640 320.000 mhfwk 77.45 Imh 1288818 1288818 549204 1 838022

Year 2 16640 1288818 1288818 549204 1 838022

Year 3
Project Management Staff 52.00 wi< oPM Staff 16640 320.000 mhfwk 77.45 Imh 1288818 1288818 581 554 1,870372

Year 3 16,640 1,288,818 1,288818 581,554 1,870,372

Year 4
Project Manaqement Staff 52.00 wk oPM Staff 16640 320.000 mhfwk 77.45 Imh 1288818 1288818 614805 1,903623

Year 4 16640 1,288818 1 288,818 614,805 1 903623

Year 5
Project Management Staff 52.00 wk oPM Staff 16640 320.000 mhfwk 77.45 Imh 1288818 1288818 648830 1 937648

Year 5 16640 1288818 1288818 648830 1 937648

Year 6
PrQject Management Staff 52.00 wk oPM Staff 16640 320.000 mhfwk 77.45 Imh 1,288818 1288818 683628 1 972 446

Year 6 16,640 1 288,818 1,288,818 683628 1,972 446

Year 7
Proiect Management Staff 52.00 wk oPM Staff 16640 320.000 mhfwk 77.45 Imh 1288818 1288818 719328 2008146

Year 7 16640 1288818 1288818 719328 2008146

Year 14
Proiect Manaqement Staff 52.00 wk oPM Staff 16640 320.000 mhfwk 77.45 Imh 1288818 1288818 994104 2282922

Year 14 16640 1288818 1 288,818 994104 2282922
-80 Project Management 133,120 10,310543 10,310543 5308,953 15619,496
1.01.01.01 Project Management 133120 10310543 10310543 5,308953 15,619496

1.01.01.02 Regulatory
-81 Regulatory

Year 1
NEPA 52.00 wk oEna Staff 8320 160.000 mhlwk 79.91 Imh 664868 664868 266965 931 832
CEPA 52.00 wk oEng Staff 8320 160.000 mhlwk 79.91 Imh 664868 664868 266965 931 832

Year 1 16640 1 329736 1 329736 533929 1 863665

Year 4
Licensing 52.00 wi< oEng Staff 8320 160.000 mhfwk 79.91 Imh 664868 664868 317162 982030

Year 4 8,320 664,868 664868 317,162 982,030
-81 Reoulatory 24960 1,994,604 1 994,604 851,091 2,845,695
1.01.01.02 Regulatory 24960 1 994604 1 994604 851091 2845695

1.01.01.03 Construction Management

-83 Construction ManaQement

Year 4
Work Package Preparation 10.00 eo OWP 2000 200.000 mhfea 80.20 Imh 160406 160406 76519 236925
Rad Work Permit 2.00 eo ORWP 88 44.000 mhfea 70.09 Imh 6168 6168 2942 9111
Ground Scanning 1.00 eo oGndS 12 12.000 mhfea 84.83 Imh 1018 1018 486 1504
Excavation Permits 1.00 eo oExcP 42 42.000 mh/ea 70.70 Imh 2969 2969 1416 4386

Year 4 2142 170562 170,562 81363 251 925

Year 5
Construction Management Staff 52.00 wk oCM Staff 10400 200.000 mhlwk 80.81 Imh 840393 840393 423079 1 263472
Enhanced Work Packaae Preoaration 10.00 eo OWPE 390 39.000 mhfea 67.72 Imh 26409 26409 13295 39704
Pre·ob Briefings 1.00 eo oPJB 3 3.000 mhfea 67.53 Imh 203 203 102 305
Lock out tag out Mechanical 10.00 eo oLOTO M 480 48.000 mh/ea 63.49 Imh 30474 30474 15342 45816
Lock out taq out Electrical 10.00 eo oLOTO E 480 48.000 mhfea 64.81 Imh 31108 31108 15661 46769

Year 5 11753 928587 928,587 467479 1 396066

Year 6
Construction Manaaement Staff 52.00 wk oCM Staff 10400 200.000 mhfwk 80.81 Imh 840393 840393 445770 1286163

Year 6 10400 840393 840393 445770 1286163

Year 7
Construction Management Staff 52.00 wk oCM Staff 10400 200.000 mhfwk 80.81 Imh 840393 840393 469049 1309441

Year 7 10,400 840,393 840,393 469049 1,309441

-83 Construction Management 34,695 2779,934 2779,934 1,463660 4,243,595

1.01.01.03 Construction Management 34695 2779934 2,779934 1 463660 4,243595
1.01.01.04 Procurement Support

-86 Procurement

Year 4
Procurement 52.00 wk oBuv 8320 160.000 mhfwk 60.57 Imh 503976 503976 240412 744387

Year 4 8320 503976 503,976 240412 744387

-86 Procurement 8320 503976 503,976 240,412 744387

1.01.01.04 Procurement Support 8320 503976 503976 240412 744387

1.01.01.05 Acceptance Startup. Testing

-84 Acceptance, Start up and TestinQ

Year 7
Construction Acce tance Test 1.00 eo OCAT 160 160.000 mhfea 79.46 Imh 12714 12714 7096 19810
SOTest (Svstem Ooeration - start uo) 1.00 eo OSO 33 33.000 mhfea 68.67 Imh 2,266 2266 1265 3531

Year 7 193 14980 14,980 8361 23341
-84 Acceptance Start UP and Testing 193 14980 14,980 8,361 23,341
1.01.01.05 Acceptance Startup. Testing 193 14980 14980 8361 23341
1.01.01 Pro'ect Management/Support 201 288 15,604,037 15604037 7,872 477 23,476514

1.01.02 Engineering

1.01.02.01 Conceptual Design

-82 Engineering

Year 1
Conceotual Desian 35014551.00 $ 0.10 /$ 3501455 3501455 1405940 4907395

Year 1 3501 455 3501 455 1 405940 4907395
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-82 EnQineerinQ 3,501,455 3501,455 1,405,940 4,907,395
1.01.02.01 Conceptual Design 3501 455 3501 455 1 405940 4907395

1.01.02.02 Preliminary Design

-82 EnQineerinQ
Year 2

Preliminary Design 35014551.00 $ 0.15 /$ 5252183 5252183 2238114 7490297

Year 2 5,252183 5252183 2238114 7490297

-82 Engineering 5252183 5252183 2238114 7490297
1.01.02.02 Preliminary Design 5252183 5252183 2238114 7490297

1.01.02.03 Detailed Design

-82 Engineering

Year 3
Detailed Design 35014551.00 $ 0.15 /$ 5252183 5252183 2369944 7622126

Year 3 5252183 5252183 2369944 7622126

Year 4
Detailed Design 35,014551.00 $ 0.15 /$ 5,252183 5252183 2505450 7757633

Year 4 5252,183 5,252183 2,505450 7,757633

-82 Engineering 10,504,365 10,504,365 4,875,394 15,379,759

1.01.02.03 Detailed Design 10504365 10504365 4,875394 15379759

1.01.02.04 Title 3 Engineering

-82 Engineering

Year 5
Title 3 Engineering 35014551.00 $ 0.07 /$ 2345975 2345975 1181035 3527010

Year 5 2345,975 2,345,975 1181,035 3527,010

Year 6
Title 3 Enqineerinq 35,014551.00 $ 0.07 /$ 2345975 2345975 1 244376 3590351

Year 6 2345975 2345975 1 244376 3,590351

Year 7
Title 3 Enaineerina 35014551.00 $ 0.07 /$ 2345975 2345975 1 309360 3655335

Year 7 2,345,975 2345,975 1,309,360 3,655,335

-82 Engineering 7,037925 7037,925 3734,770 10772,695

1.01.02.04 Title 3 Engineering 7037925 7037925 3734770 10772695

1.01.02 Engineering 26295,928 26,295,928 12254218 38,550146

1.01.03 Technologv Specific Major Eauipment Procurement

1.01.03.01 Eauioment Procurement

-03 Reboiler

Year 6
Heat Exchanaer late tvoe 4600 sf 1.00 ea lea lea 150749.00 lea 150749 150749 92,474 243223
Heat Exchanger plate tyoe 1800 GPM 1.00 ea lea lea 300 647.00 lea 300647 300647 184426 485073

Year 6 451 396 451 396 276,900 728,296

-03 Reboiler 451 396 451,396 276,900 728,296

-04 Crvstallizer

Year 6
Crystalizer 304L SS 1.00 ea lea lea 450,544.00 lea 450544 450544 276377 726921
Crvstalizer 304L SS 1.00 ea lea lea 450544.00 lea 450544 450544 276377 726921

Year 6 901 088 901,088 552755 1 453,843

-04 Crvstallizer 901 088 901,088 552,755 1 453,843

-05 Crvstallizer Recirculation Pump

Year 6
Pumo. axial flow 316 ssn 6000 GPM 60 H.P. 16" discharge 1.00 ea lea lea 80,000.00 lea 80000 80000 49074 129074
Pumo. axial flow 316 ssn 1700 GPM 60 H.P. 16" discharge 1.00 ea lea lea 26400.00 lea 26400 26400 16195 42595

Year 6 106,400 106,400 65269 171,669

-05 Crvstallizer Recirculation Pump 106,400 106,400 65,269 171,669

-06 Condensor

Year 6
Condenser, ratings are for evaporative, copper coil, pump, fan motor, 30Deg.F 1.00 ea lea lea 14,700.00 lea 14,700 14,700 9,017 23,717
T.D. 100ton R-22
Condenser, ratings are for evaporative, copper coil, pump, fan motor, 30Deg.F 3.00 ea lea lea 24,200.00 lea 72,600 72,600 44,535 117,135
T.D. 185ton R-22
Condenser, ratings are for evaporative, copper coil, pump, fan motor, 30Deg.F 1.00 ea lea lea 48,400.00 lea 48,400 48,400 29,690 78,090
T.D.

Year 6 135700 135,700 83242 218942

-06 Condensor 135700 135,700 83,242 218942

-07 Condenser Vacuum Pump

Year 6
Condenser,vacuum oumo, 2.00 ea lea lea 4,975.00 lea 9950 9950 6104 16054
Condenser vacuum OUnlD. 2.00 ea lea lea 4975.00 lea 9950 9950 6104 16054

Year 6 19,900 19,900 12207 32,107
-07 Condenser Vacuum Pump 19900 19,900 12,207 32,107

-08 CentrifuQe Feed Pump

Year 6
Pump, centrifugal stainless steel 50 GPM, 100' TDH 3 H.P. 1.00 ea lea lea 8,100.00 lea 8100 8100 4969 13069
Pumo. centrifuaal stainless steel 50 GPM 100' TDH 3 H.P. 1.00 ea lea lea 8100.00 lea 8100 8100 4969 13069

Year 6 16200 16,200 9,938 26138

-08 Centrifuge Feed Pump 16,200 16,200 9,938 26,138

-09 Centrifuge

Year 6
Centrifuae 1.00 ea lea lea 25794.00 lea 25794 25794 15823 41617
Centrifuge 1.00 ea lea lea 25794.00 lea 25794 25794 15823 41617

Year 6 51588 51588 31,646 83,234

-09 Centrifuge 51588 51,588 31,646 83234

-10 Disolver Tank

Year 6
Storage Tanks ss single wall 1.00 ea lea lea 80,546.00 lea 80546 80546 49409 129955
Storaae Tanks ss single wall 1.00 ea Qla lea lea 66 188.00 lea 66188 66188 40602 106790

Year 6 146734 146,734 90011 236745

-10 Disolver Tank 146734 146,734 90,011 236,745

-11 Disolver Recirculation Pumo

615



CH2MHILL
Spreadsheet Report

IPS Project Rev 8

RPP-RPT-37741, Rev 0
Page 4

6/18/2008 7:38 AM

Labor Man Labor
Spreadsheet Level Takeoff Quantity Crew Labor Price Labor Amount Material Price Material Amount Sub Price Sub Amount Equip Price Equip Amount other Price other Amount Total Amount Addon Amount Grand Total

Hrs Productivity

Year 6
Pump, centrifugal stainless steel 50 GPM 100' TDH 3 H.P. 1.00 lea lea a 100.00 lea 8100 8100 4969 13069
Pumo. centrifuaal stainless steel 250 GPM 100' TDH 10 H.P. 1.00 lea lea 11 300.00 lea 11300 11300 6932 18232

Year 6 19400 19,400 11901 31301

-11 Disolver Recirculation Pumo 19400 19,400 11,901 31,301

-12 Dissolver Discharge Pumo

Year 6
Pumo. centrifugal stainless steel 50 GPM, 100' TDH 3 H.P. 1.00 lea lea 8,100.00 lea 8100 8,100 4969 13069
Pump. centrifugal stainless steel 50 GPM 100' TDH 3 H.P. 1.00 lea lea B 100.00 lea 8100 8100 4969 13069

Year 6 16,200 16,200 9938 26138
-12 Dissolver Discharge Pump 16200 16,200 9938 26,138

-13 Disolver Heat Exchanger

Year 6
Heat exchng,shell&tube type, cast iron heads,cast iron tube sheet, steel shell,2 4 1.00 chlea loh lea 9,275.00 lea 9,275 9,275 5,690 14,965
aass hot water 40de f 180degf steam 10 psi 120 gam 3/4"coaaer tubes

Heat exchng,shell&tube type, cast iron heads,cast iron tube sheet, steel shell,2 4 1.00 lea lea 9,275.00 lea 9,275 9,275 5,690 14,965
pass hot water 40degf 180degf steam 10 psi 120 gpm 3/4"copper tubes

Year 6 18550 18550 11,379 29,929

-13 Disolver Heat Exchanger 18550 18,550 11,379 29,929

-14 Condensate tank

Year 6
Storage Tanks, horizontal, steel, above ground, double wall, 6,000 gallon, incl. 1.00 lea lea 14,000.00 lea 14,000 14,000 8,588 22,588

cradles coating & fittings excl. foundation pumps or piping

Storage Tanks, horizontal, steel, above ground, double wall, 15,000 gallon, incl. 1.00 lea lea 30,600.00 lea 30,600 30,600 18,771 49,371

cradles coating & fittings excl. foundation pumps or piping

Year 6 44,600 44,600 27359 71959

-14 Condensate tank 44,600 44,600 27359 71959
-15 Condensate Pump

Year 6
Pump, condensate return system, duplex, float switch, alternator, 2 pumps with 1.00 lea lea 6,225.00 lea 6,225 6,225 3,819 10,044
motors 1 H.P. 25GPM 15aallon cast iron receiver

Pump, condensate return system, duplex, float switch, alternator, 2 pumps with 1.00 lea lea 7,125.00 lea 7,125 7,125 4,371 11,496

motors 1-1/2 H.P. 45 GPM 15 gallon cast iron receiver

Year 6 13350 13350 8,189 21,539
-15 Condensate Pump 13350 13,350 8,189 21,539

-16 Spent Wash Tank

Year 6
Storage Tanks ss single wall 1.00 lea lea 73002.00 lea 73002 73002 44782 117784

Storaae Tanks ss single wall 1.00 lea lea 66 188.00 lea 66188 66188 40602 106790

Year 6 139190 139,190 85383 224573

-16 Spent Wash Tank 139190 139,190 85,383 224,573

-17 Soent Wash Pumo

Year 6
Puma. centrifugal stainless steel 50 GPM, 100' TDH 3 H.P. 1.00 lea lea 8,100.00 lea 8100 8,100 4969 13069
Pump. centrifugal stainless steel 50 GPM 100' TDH 3 H.P. 1.00 lea lea 8100.00 lea 8100 8100 4969 13069

Year 6 16,200 16,200 9938 26138
-17 Spent Wash Pump 16200 16,200 9938 26,138

-24 Boiler

Year 7
Boiler, packaged scotch marine, fire tube, gross output, #2 oil, 15 PSI steam, 1.00 ea lea lea 161,000.00 lea 161,000 161,000 103,222 264,222

23435 MBH 700 H.P.

Year 7 161000 161,000 103222 264222

-24 Boiler 161,000 161,000 103,222 264,222

-25 Chilled Water System

Year 7
Absorption water chiller, indirect-fired, steam or hot water, water cooled, single 1.00 ea lea lea 699,500.00 lea 699,500 699,500 448,471 1,147,971

stage 1250 ton

Year 7 699500 699500 448,471 1,147,971
-25 Chilled Water System 699500 699,500 448,471 1,147971

-26 Recirculation AHU & Process Off Gas Ventilation

Year 7
Hepa Filtration Exhauster Purchase 1.00 ea lea lea 745837.00 lea 745837 745837 478179 1224016

Year 7 745837 745837 478179 1224016

-26 Recirculation AHU & Process Off Gas Ventilation 745,837 745837 478179 1224016

-27 Vault Ventilation

Year 7
Heaa Filtration Exhauster 1 OOOcfm 1.00 ea lea lea 559377.75 lea 559378 559378 358634 918012

Year 7 559378 559,378 358634 918012

-27 Vault Ventilation 559378 559,378 358,634 918,012

-52 Rotarv Microfilter

Year 7
Rotarv Microfilter Modules 6.00 ea lea lea 1 500,000.00 lea 9000000 9000000 5770172 14770172

Year 7 9,000,000 9,000000 5770172 14,770172

-52 Rotary Microfilter 9,000,000 9000000 5,770172 14,770172

-72 Centrifudge Liquor Tank

Year 7
Storaae Tanks ss single wall 1.00 lea lea 127388.00 lea 127388 127388 81672 209060

Storage Tanks ss single wall 1.00 lea lea 92,834.00 lea 92834 92834 59519 152353

Year 7 220222 220,222 141191 361413
-72 Centrifudge Liquor Tank 220,222 220222 141,191 361,413

-72a Centrifuge Liquor Pump

Year 7
Puma. centrifuaal stainless steel 50 GPM 100' TDH 3 H.P. 1.00 lea lea 8100.00 lea 8100 8100 5193 13293
Puma. centrifuaal stainless steel 50 GPM 100' TDH 3 H.P. 1.00 lea lea 8100.00 lea 8100 8100 5193 13293

Year 7 16200 16200 10386 26586

-72a Centrlfuae Liauor Pump 16200 16200 10386 26586

-73 High sulfate Product Tank

Year 7
Storaae Tanks ss, sin Ie wall 1.00 ea lea lea 66,188.00 lea 66,188 66,188 42,435 108623

616



CH2MHILL
Spreadsheet Report

IPS Project Rev 8

RPP-RPT-37741, Rev 0
Page 5

6/18/2008 7:38 AM

Labor Man Labor
Spreadsheet Level Takeoff Quantity Crew Labor Price Labor Amount Material Price Material Amount Sub Price Sub Amount Equip Price Equip Amount other Price other Amount Total Amount Addon Amount Grand Total

Hrs Productivity

Year 7 66188 66188 42,435 108,623

-73 HIQh sulfate Product Tank 66188 66,188 42,435 108,623
-74 HiQh sulfate product pump

Year 7
Pump, centrifugal stainless steel 50 GPM 100' TDH 3 H.P. 1.00 ea lea lea a 100.00 lea 8100 8100 5193 13293

Year 7 8100 8,100 5193 13293
-74 High sulfate product pump 8100 8,100 5193 13293
1.01.03.01 Equipment Procurement 13572921 13572921 8643937 22216858
1.01.03 Technology Specific Major Equipment Procurement 13572921 13,572 921 8643,937 22216,858

1.01.04 Construction

1.01.04.01 Subcontractor Staff

-99 Field Management

Year 5
Project Manager 52.00 wk zPM 2080 40.000 mhlwk 101.69 Imh 211509 211509 131861 343370
Pro"ect Project Engineer 52.00 wk zPE 2080 40.000 mhlwk 91.36 Imh 190027 190027 118468 308495
Superintendent 52.00 wk zSuot 2080 40.000 mhfwk 96.30 Imh 200298 200298 124872 325169

Field Engineer 52.00 wk zFE 2080 40.000 mhlwk 64.20 Imh 133530 133530 83246 216776
Health & Safetv 52.00 wk zH&S 2,080 40.000 mhlwk 83.95 Imh 174616 174616 108861 283477
Quali!)' Assurance I Qualitv Control 52.00 wk zQC 2080 40.000 mhlwk 83.95 Imh 174616 174616 108861 283477

Radiation Control Technician 52.00 wi< zRCT 2080 40.000 mhlwk 64.20 Imh 133530 133530 83247 216776
Pro·ect Controls - Estimating Scheduling 52.00 wk zPC 2080 40.000 mhlwk 54.49 Imh 113329 113329 70653 183981
Time Keeoer 52.00 wk zTime 2080 40.000 mhlwk 39.73 Imh 82634 82634 51517 134151

Clerk 52.00 wk zClerk 2080 40.000 mhlwk 14.43 Imh 30021 30021 18716 48736

Year 5 20,800 1444,109 1,444109 900301 2,344410

Year 6
Proiect Manager 52.00 wk zPM 2080 40.000 mhfwk 101.69 Imh 211509 211509 137572 349081
Pro·ect Pro·ect Enqineer 52.00 wk zPE 2080 40.000 mhlwk 91.36 Imh 190027 190027 123599 313626
Suoerintendent 52.00 wk zSuot 2,080 40.000 mhlwk 96.30 Imh 200298 200,298 130280 330577

Field Engineer 52.00 wk zFE 2080 40.000 mhlwk 64.20 Imh 133530 133530 86852 220382

Health & Safe!)' 52.00 wi< zH&S 2080 40.000 mhlwk 83.95 Imh 174616 174616 113576 288192
Quality Assurance I Quality Control 52.00 wk zQC 2080 40.000 mhlwk 83.95 Imh 174616 174616 113576 288192

Radiation Control Technician 52.00 wk zRCT 2080 40.000 mhlwk 64.20 Imh 133530 133530 86852 220382
Pro·ect Controls - Estimating, Scheduling 52.00 wk zPC 2080 40.000 mhlwk 54.49 Imh 113329 113329 73712 187041
Time Keeper 52.00 wk zTime 2080 40.000 mhfwk 39.73 Imh 82634 82634 53748 136382

Clerk 52.00 wk zClerk 2080 40.000 mhlwk 14.43 Imh 30021 30021 19526 49547

Year 6 20800 1444109 1444109 939292 2,383,401

Year 7
Pro·ect Manaaer 35.00 wk zPM 1400 40.000 mhlwk 101.69 Imh 142,362 142362 96540 238902
Pro·ect Project Engineer 35.00 wk zPE 1400 40.000 mhlwk 91.36 Imh 127903 127903 86735 214637
Superintendent 35.00 wi< zSupt 1400 40.000 mhlwk 96.30 Imh 134816 134816 91423 226238
Field Enqineer 35.00 wk zFE 1400 40.000 mhlwk 64.20 Imh 89876 89876 60948 150823
Health & Safetv 35.00 wk zH&S 1400 40.000 mhlwk 83.95 Imh 117530 117530 79701 197231
Qualitv Assurance I Qualit)' Control 35.00 wk zQC 1400 40.000 mhlwk 83.95 Imh 117530 117530 79701 197231

Radiation Control Technician 35.00 wk zRCT 1400 40.000 mhfwk 64.20 Imh 89876 89876 60947 150823
Pro·ect Controls· Estimating, Scheduling 35.00 wk zPC 1400 40.000 mhlwk 54.49 Imh 76279 76279 51727 128006
Time Keeoer 35.00 wk zTime 1400 40.000 mhlwk 39.73 Imh 55619 55619 37717 93336

Clerk 35.00 wk zClerk 1400 40.000 mhlwk 14.43 Imh 20206 20206 13702 33909

Year 7 14000 971 996 971 996 659140 1631136

-99 Field Manaaement 55600 3860213 3860213 2498733 6358947

-99a Testing

Year 7
Non-destructive testing~e penetrant 3.00 day 310.00 Idav 930 930 631 1561

Non-destructive testing~gnetic particle 3.00 day 310.00 Iday 930 930 631 1561

Welding certification maximum 5.00 250.00 lea 1250 1250 848 2098

Me!1gar testing - wire insulation resistance 134.00 ELEC2 27 0.100 chlea 114.25 Ich 1531 0.05 lea 0.20 lea 27 1564 1064 2628
Continuity Test 134.00 ELEC2 13 0.050 ch/ea 114.25 Ich 765 0.05 lea 0.15 lea 20 792 539 1332

Rotation Check 40.00 ELEC2 4 0.050 chlea 114.25 Ich 229 229 155 383

SO Testina Suooort Mechanical 2.00 wk STPI2 160 40.000 chfwk 133.83 Ich 10707 10707 7261 17967

SO Testing Suooort Electrical 2.00 wk ELEC2 160 40.000 chfwk 114.25 Ich 9140 9140 6198 15338
Construction hce tance Testing Support Mechanical 2.00 wi< STPI2 160 40.000 chfwk 133.83 Ich 10707 10707 7261 17967
Construction Acceptance Testing Support Electrical 2.00 wk ELEC2 160 40.000 chfwk 114.25 Ich 9140 9140 6198 15338

Year 7 684 42218 13 47 3110 45389 30784 76173

-99a Testing 684 42,218 13 47 3110 45389 30784 76173

1.01.04.01 Subcontractor Staff 56284 3902432 13 47 3110 3905602 2529517 6435120

1.01.04.02 Vault

-18 Law Product Tank #1 & #2

Year 6
Gasket and bolt set for flanaes 150 lb. 2-1/2" )ioe size 16.00 PLUM1 23 1.456 chlea 66.92 Ich 1558 4.63 lea 74 1633 1068 2701

Pipe, stainless steel, welded, 2-112" pipe size, schedule 40, type 304, includes 200.00 If Q15 143 0.356 ch/lf 133.83 Ich 9,542 25.50 /If 5,100 7.03 Ich 501 15,143 10,314 25,457
weld ·oint and clevis type hanaers 10' OC

ElbO'N, 90 Deg., stainless steel, long, butt weld, 2-1/2", schedule 40, type 304, 8.00 Q15 70 4.389 ch/ea 133.83 Ich 4,699 35.50 lea 284 7.03 Ich 247 5,230 3,446 8,675

includes the weld machine

ElbO'N, 45 Deg., stainless steel, long, butt weld, 2-1/2", schedule 40, type 304, 32.00 Q15 281 4.389 ch/ea 133.83 Ich 18,796 31.50 lea 1,008 7.03 Ich 987 20,790 13,688 34,478

includes the weld machine
Nozzles 2-112", type 304 12.00 Q1 23 0.970 chlea 133.83 Ich 1558 195.00 lea 2,340 3898 2730 6628
Coo lina. stainless steel straiaht threaded 150 lb. 2-112". tvoe 304 8.00 Q1 16 0.970 chlea 133.83 Ich 1039 195.00 lea 1560 2599 1820 4419

Water level control. oumo control, IO'N water cut-off and alarm switch 2.00 STPI1 2 1.248 chlea 66.92 Ich 167 510.00 lea 1020 1,187 857 2044

Water level control, water gauges, complete, high pressure, 500 PSI at 2.00 STPI1 3 1.747 ch/ea 66.92 Ich 234 620.00 lea 1,240 1,474 1,062 2,535
450Deq.F 112" )ipe size, type 316 stainless steel ASME

Control Comoonents. oressure sensor temoerature 1.00 PLUM1 1 1.456 chlea 66.92 Ich 97 138.00 lea 138 235 165 400

Storage Tanks ss single wall 2.00 Q7a 140 11.638 chlea 355.07 Ich 8264 168635.00 lea 337270 loh 345534 252,739 598274

Radiation monitor 1.00 Q7 87 21.834 chlea 267.67 Ich 5844 10000.00 lea 10000 15844 11136 26980
Purex type fittinq I male! female Iprocess ; e 8.00 Q1 52 3.275 chlea 133.83 Ich 3507 1,000.00 lea 8000 11507 8148 19655
Purex tvoe Jumoer orocess oioe 4.00 zRC 349 17.467 chlea 277.64 Ich 19399 27000.00 lea 108000 139.88 Ich 9773 137172 98996 236167

Year 6 1192 74704 476034 11507 562,245 406167 968,413

-18 Law Product Tank #1 & #2 1192 74704 476034 11507 562,245 406,167 968,413

-19 LAW Product Pumo #1 & #2

Year 6
Gasket and bolt set for flanges 150 lb., 3" )ioe size 16.00 PLUM1 25 1.588 chlea 66.92 Ich 1700 4.79 lea 77 1777 1162 2939

Pipe, stainless steel, welded, 3" pipe size, schedule 40, type 304, includes weld 200.00 If Q15 159 0.397 ch/lf 133.83 Ich 10,626 33.00 /If 6,600 7.03 Ich 558 17,784 12,161 29,945
·oint and clevis type hangers 10' OC

ElbO'N, 90 Deg., stainless steel, long, butt weld, 3", schedule 40, type 304, 8.00 Q15 87 5.442 ch/ea 133.83 Ich 5,826 40.50 lea 324 7.03 Ich 306 6,456 4,251 10,707

includes the weld machine
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Hanford -Productivity Factor 2000 (5-8's).illirnberline Productivity Factor

A Average 10 Hour work days 50 hrs/wk 91.25% efficient
B Average II Hour work days 55 hrs/wk 81.25% efficient
C Average 12 Hour work days 60 hrs/wk 76.25% efficient
D Deferred Break Work 4hrs off I hr 80.00% efficient

"5-8's" Clothing changes, shower time, & travel inclusive

RPP-RPT-37741, Rev 0
5/22/2008

8751
18.251
23751
25.00,

v .,12?~.~,~~~I,.~~g!!!~.~P'.~!:!,~.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.S;8):.~!ru£!!gn}::::1,~!1f,~f.m~nl.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,gL.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,., ..".,.,.,.,.,.,.,.,.,.,~.;.:J.?,~,.
A Work Package sign offs 0, :

I A Package 45min/day 931 :
2 B Package 15-30min/day 3.13-6.251 625%:

, ,
3 C Package O! !

B Hot-welding * 10min. 211 210%:
C Confined space * 1Gmin. 2.1 : i

* Varies with job

Additional Factors Total I 2.50%1
Possible Subtotal: Total

I Personal Access Control Time Study 0 I 0.00%
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""","""""""""'l""""""'""'"

A Security Check 0- J: I,
B MAA Security Check .729 x4 ~2.9min 2 trips-in/out .61 :

.729 x 8 ~5.8 min 4 trips-in/out Ii :,,,
, ,

II,!?~!il,~!!:~,:.\~,~~~~,f.?!:!~?!""""""""""""",,f.?!:~!ru~!!g!:,J:::!~~,~~p',~!:!""""""""""""gL","""""""L"""",g;9.9,~,
A No overnight material storage-multiple material deliveries 1: !

.. ... . ,I

B No overnIght matenal storage-multIple matenal delIvenes 3.25: I,
I,

III,!?'!il,~!!:i'"Ie,~y'?!!!"""""""""T!p',~,~!'!:~x.~~,i!:!~~~U,~I:!~.r.J~,~,~",.!?~,?""""""""""gL"""","""" :"""",g;Q9,~,
A Distance from Locker Room to MAA Security Check

1.1366 x 4 ~4.5 min. 2 trips-in/out 0.91
1.1366 x 8 ~9 min 4 trips-in/out 1.8,

B Distance from MAA Security Check to Work Area
1.1366 x 4 ~6 min 2 trips-in/out 12,
1.1366 x 8 ~12 min. 4 trips-in/out 2.5:

C Distance from Cafeteria to locker
1.35 x 4 ~5.4min. 2 trips-in/out 1.1
(for use with breaks)

D Inordinate circumstances
2.5 x 4 ~IO min.
2.5 x 8 ~20 min.

2 trips-in/out
4 trips-in/out

2,
4,

IV Contamination 0, 0.00%
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""","""""""""'l""""""'""'"

A Category's 1-4 0, I,
B Category 5 I , :
C Category 6 21 :

I,,
V,J:::!?!:!!?~~!:~"""""""""""""I!!E~,~!!!,~y'~}.!g,~~,~!!!,~:L:.\~!!,~!),?,J?,~?""""""""""gL"","""""",L""""g;Q9,~,

A Selfrnonitoringatcornbo*** lrnin.each 0.8 0.81 !
B Monitor out for 2 Breaks * 7.9 min. each 16 3.2: :

, ,
C Monitor out at lunch* 7.9 min. each 1.6 1.6! !
D Monitor out at end of day* 7.9 min each 16 16, i
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0.6Body Scanner*** 3 min. each
*Assurne 2 step off pads, **assurne 2 ea., ***assurne 4 ea.

E 1,
1,
1,. ,

VI }:!.?9.,~.~~~~"~~g~~~,~!p',~~~.~""""""""""""""""""""""""",,"g8n~lm2F~2n,M~!*.~~B2.~nL",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,g,,i,,,,,,,,""""""""""""""""L""""""""",?;,?9.~"
A Pre-evolution Meetings !

lOne meeting per week 30min/wk/man 1.25: i
2 One meeting per week 60min/wk/man 2.51 2.50%1
3 One meeting per day 30 min. 30min/dy/man 6.25:
4 One meeting per day 45 min. 45min/dy/man 9.381
5 One meeting per day 60 min. 60min/dy/man 12.51

VII~l1o.,,:e~..~.ir:~~~~U.~1:!~.r..!"?~.~.7.!???gLgQ9~
A N/A 0:
B End of day 9 min. 191
C Deferred Break N/A 0 0:
D Breaks,Lunch, End of day 9min x 4~ 36 min 7.51

VIII.c:.!o.tl1iJl!',.~l1~Jl!l~ ~ir:t~~~Ue1:!e.r.!,,?e3,1?8? gL l g;Q9.~.
6 mmutes allowable TIme Study 2.59 mm. :

A One change out 6 min x 2 ~ 6 1251
B Obreaks,lunch&home 6minx2~ 12 2.51
C Yellows IOmin.x2~ 20 4.21
D Anti-C's 15min.x2~ 30 6.31
E Fully-encapsulating suits 20 min x 2 ~ 40 8.3:
F 2 breaks,lunch,&home 6 min. x 4 ~ 24 5.01
G Yellows 10 min. x 4 ~ 40 8.3:
H Anti-C's IS min. x 4 ~ 60 1251
I Fully-encapsulating suits 20 min. x 4 ~ 80 16.7:
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This guideline reflects generally-accepted cost engineering practices. This addendum was based
upon the practices of a wide range of companies in the process industries from around the world, as well
as published references and standards. Company and public standards were solicited and reviewed by
the AACE International Cost Estimating Committee. The practices were found to have significant
commonalities that are conveyed in this addendum.

COST ESTIMATE CLASSIFICATION MATRIX FOR THE PROCESS INDUSTRIES

The five estimate classes are presented in figure 1 in relationship to the identified characteristics.
Only the level of project definition determines the estimate class. The other four characteristics are
secondary characteristics that are generally correlated with the level of project definition, as discussed in
the generic standard. The characteristics are typical for the process industries but may vary from
application to application.

This matrix and guideline provide an estimate classification system that is specific to the process
industries. Refer to the generic standard for a general matrix that is non-industry specific, or to other
addendums for guidelines that will provide more detailed information for application in other specific
industries. These will typically provide additional information, such as input deliverable checklists to allow
meaningful categorization in those particular industries.

Primary
Secondary Characteristic

Characteristic

LEVEL OF
EXPECTED PREPARATION
ACCURACY EFFORT

PROJECT END USAGE METHODOLOGY
RANGE Typical degree of

ESTIMATE DEFINITION Typical purpose of Typical estimating
Typical variation in effort relative to

CLASS
Expressed as % of estimate method

low and high least cost index of
complete definition

ranges [a] 1 [bl

Capacity Factored,

Class 5 O%to2% Concept Screening
Parametric Models, L: -20% to -50%

1
Judgment, or H: +30%to+100%

Analogy

Equipment
L: -15%to-30%

Class 4 1%to15% Study or Feasibility Factored or
H: +20% to +50%

2 to 4
Parametric Models

Budget,
Semi-Detailed Unit

Costs with L: -10%to-20%
Class 3 10%to 40% Authorization, or

Assembly Level H: +10%to+30% 3 to 10
Control

Line Items

Control or Bid/
Detailed Unit Cost

L: -5%to-15%
Class 2 30%to70%

Tender
with Forced

H: +5%to+20%
4 to 20

Detailed Take-Off

Check Estimate or
Detailed Unit Cost

L: -3%to-10%
Class 1 50%to 100%

BidfTender
with Detailed Take-

H: +3%to+15%
5 to 100

Off

Notes: [a] The state of process technology and availability of applicable reference cost data affect the range markedly.
The +/- value represents typical percentage variation of actual costs from the cost estimate after application of
contingency (typically at a 50% level of confidence) for given scope.

[b] If the range index value of "1" represents 0.005% of project costs, then an index value of 100 represents 0.5%.
Estimate preparation effort is highly dependent upon the size of the project and the quality of estimating data and
tools.

Figure 1. - Cost Estimate Classification Matrix for Process Industries
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CHARACTERISTICS OF THE ESTIMATE CLASSES

The following charts (figures 2a through 2e) provide detailed descriptions of the five estimate
classifications as applied in the process industries. They are presented in the order of least-defined
estimates to the most-defined estimates. These descriptions include brief discussions of each of the
estimate characteristics that define an estimate class.

For each chart, the following information is provided:
• Description: a short description of the class of estimate, including a brief listing of the expected

estimate inputs based on the level of project definition.
• Level of Project Definition Required: expressed as a percent of full definition. For the process

industries, this correlates with the percent of engineering and design complete.
• End Usage: a short discussion of the possible end usage of this class of estimate.
• Estimating Methods Used: a listing of the possible estimating methods that may be employed to

develop an estimate of this class.
• Expected Accuracy Range: typical variation in low and high ranges after the application of

contingency (determined at a 50% level of confidence). Typically, this results in a 90% confidence
that the actual cost will fall within the bounds of the low and high ranges.

• Effort to Prepare: this section provides a typical level of effort (in hours) to produce a complete
estimate for a US$20,000,000 plant. Estimate preparation effort is highly dependent on project size,
project complexity, estimator skills and knowledge, and on the availability of appropriate estimating
cost data and tools.

• ANSI Standard Reference (1989) Name: this is a reference to the equivalent estimate class in the
existing ANSI standards.

• Alternate Estimate Names, Terms, Expressions, Synonyms: this section provides other
commonly used names that an estimate of this class might be known by. These alternate names are
not endorsed by this Recommended Practice. The user is cautioned that an alternative name may not
always be correlated with the class of estimate as identified in the chart.

CLASS 5 ESTIMATE
Description: Estimating Methods Used:
Class 5 estimates are generally prepared based on very Class 5 estimates virtually always use stochastic
limited information, and subsequently have wide accuracy estimating methods such as cost/capacity curves and
ranges. As such, some companies and organizations have factors, scale of operations factors, Lang factors, Hand
elected to determine that due to the inherent inaccuracies, factors, Chilton factors, Peters-Timmerhaus factors,
such estimates cannot be classified in a conventional and Guthrie factors, and other parametric and modeling
systemic manner. Class 5 estimates, due to the techniques.
requirements of end use, may be prepared within a very
limited amount of time and with little effort expended- Expected Accuracy Range:
sometimes requiring less than an hour to prepare. Often, Typical accuracy ranges for Class 5 estimates are - 20% to
little more than proposed plant type, location, and capacity -50% on the low side, and +30% to +1 00% on the high
are known at the time of estimate preparation. side, depending on the technological complexity of the

project, appropriate reference information, and the
Level of Project Definition Required: inclusion of an appropriate contingency determination.
0% to 2% of full project definition. Ranges could exceed those shown in unusual

circumstances.
End Usage:
Class 5 estimates are prepared for any number of strategic Effort to Prepare (for US$20MM project):
business planning purposes, such as but not limited to As little as 1 hour or less to perhaps more than 200 hours,
market studies, assessment of initial viability, evaluation of depending on the project and the estimating methodology
alternate schemes, project screening, project location used.
studies, evaluation of resource needs and budgeting, long-
range capital planning, etc. ANSI Standard Reference Z94.2-1989 Name:

Order of magnitude estimate (typically -30% to +50%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:
Ratio, ballpark, blue sky, seat-of-pants, ROM, idea study,
prospect estimate, concession license estimate,
guesstimate, rule-of-thumb.

Figure 2a. - Class 5 Estimate
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CLASS 4 ESTIMATE
Description: Estimating Methods Used:
Class 4 estimates are generally prepared based on limited Class 4 estimates virtually always use stochastic
information and subsequently have fairly wide accuracy estimating methods such as equipment factors, Lang
ranges. They are typically used for project screening, factors, Hand factors, Chilton factors, Peters-Timmerhaus
determination of feasibility, concept evaluation, and factors, Guthrie factors, the Miller method, gross unit
preliminary budget approval. Typically, engineering is from costs/ratios, and other parametric and modeling
1% to 15% complete, and would comprise at a minimum techniques.
the following: plant capacity, block schematics, indicated
layout, process flow diagrams (PFDs) for main process Expected Accuracy Range:
systems, and preliminary engineered process and utility Typical accuracy ranges for Class 4 estimates are -15% to
equipment lists. -30% on the low side, and +20% to +50% on the high side,

depending on the technological complexity of the project,
Level of Project Definition Required: appropriate reference information, and the inclusion of an
1% to 15% of full project definition. appropriate contingency determination. Ranges could

exceed those shown in unusual circumstances.
End Usage:
Class 4 estimates are prepared for a number of purposes, Effort to Prepare (for US$20MM project):
such as but not limited to, detailed strategic planning, Typically, as little as 20 hours or less to perhaps more than
business development, project screening at more 300 hours, depending on the project and the estimating
developed stages, alternative scheme analysis, methodology used.
confirmation of economic and/or technical feasibility, and
preliminary budget approval or approval to proceed to next ANSI Standard Reference Z94.2-1989 Name:
stage. Budget estimate (typically -15% to + 30%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:
Screening, top-down, feasibility, authorization, factored,
pre-design, pre-study.

Figure 2b. - Class 4 Estimate

CLASS 3 ESTIMATE
Description: Estimating Methods Used:
Class 3 estimates are generally prepared to form the basis Class 3 estimates usually involve more deterministic
for budget authorization, appropriation, and/or funding. As estimating methods than stochastic methods. They usually
such, they typically form the initial control estimate against involve a high degree of unit cost line items, although these
which all actual costs and resources will be monitored. may be at an assembly level of detail rather than individual
Typically, engineering is from 10% to 40% complete, and components. Factoring and other stochastic methods may
would comprise at a minimum the following: process flow be used to estimate less-significant areas of the project.
diagrams, utility flow diagrams, preliminary piping and
instrument diagrams, plot plan, developed layout drawings, Expected Accuracy Range:
and essentially complete engineered process and utility Typical accuracy ranges for Class 3 estimates are -10% to
equipment lists. -20% on the low side, and +10% to +30% on the high side,

depending on the technological complexity of the project,
Level of Project Definition Required: appropriate reference information, and the inclusion of an
10% to 40% of full project definition. appropriate contingency determination. Ranges could

exceed those shown in unusual circumstances.
End Usage:
Class 3 estimates are typically prepared to support full Effort to Prepare (for US$20MM project):
project funding requests, and become the first of the Typically, as little as 150 hours or less to perhaps more
project phase "control estimates" against which all actual than 1,500 hours, depending on the project and the
costs and resources will be monitcred for variations to the estimating methodology used.
budget. They are used as the project budget until replaced
by more detailed estimates. In many owner organizations, ANSI Standard Reference Z94.2-1989 Name:
a Class 3 estimate may be the last estimate required and Budget estimate (typically -15% to + 30%).
could well form the only basis for cost/schedule control.

Alternate Estimate Names, Terms, Expressions,
Synonyms:
Budget, scope, sanction, semi-detailed, authorization,
preliminary control, concept study, development, basic
engineering phase estimate, target estimate.

Figure 2c. - Class 3 Estimate
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CLASS 2 ESTIMATE
Description: Estimating Methods Used:
Class 2 estimates are generally prepared to form a detailed Class 2 estimates always involve a high degree of
control baseline against which all project work is monitored deterministic estimating methods. Class 2 estimates are
in terms of cost and progress control. For contractors, this prepared in great detail, and often involve tens of
class of estimate is often used as the "bid" estimate to thousands of unit cost line items. For those areas of the
establish contract value. Typically, engineering is from 30% project still undefined, an assumed level of detail takeoff
to 70% complete, and would comprise at a minimum the (forced detail) may be developed to use as line items in the
following: process flow diagrams, utility flow diagrams, estimate instead of relying on factoring methods.
piping and instrument diagrams, heat and material
balances, final plot plan, final layout drawings, complete Expected Accuracy Range:
engineered process and utility equipment lists, single line Typical accuracy ranges for Class 2 estimates are -5% to
diagrams for electrical, electrical equipment and motor -15% on the low side, and +5% to +20% on the high side,
schedules, vendor quotations, detailed project execution depending on the technological complexity of the project,
plans, resourcing and work force plans, etc. appropriate reference information, and the inclusion of an

appropriate contingency determination. Ranges could
Level of Project Definition Required: exceed those shown in unusual circumstances.
30% to 70% of full project definition.

Effort to Prepare (for US$20MM project):
End Usage: Typically, as little as 300 hours or less to perhaps more
Class 2 estimates are typically prepared as the detailed than 3,000 hours, depending on the project and the
control baseline against which all actual costs and estimating methodology used. Bid estimates typically
resources will now be monitored for variations to the require more effort than estimates used for funding or
budget, and form a part of the changelvariation control control purposes.
program.

ANSI Standard Reference Z94.2-1989 Name:
Definitive estimate (typically -5% to + 15%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:
Detailed control, forced detail, execution phase, master
control, enaineerina, bid, tender, chanae order estimate.

Figure 2d. - Class 2 Estimate

CLASS 1 ESTIMATE
Description: Estimating Methods Used:
Class 1 estimates are generally prepared for discrete parts Class 1 estimates involve the highest degree of
or sections of the total project rather than generating this deterministic estimating methods, and require a great
level of detail for the entire project. The parts of the project amount of effort. Class 1 estimates are prepared in great
estimated at this level of detail will typically be used by detail, and thus are usually performed on only the most
subcontractors for bids, or by owners for check estimates. important or critical areas of the project. All items in the
The updated estimate is often referred to as the current estimate are usually unit cost line items based on actual
control estimate and becomes the new baseline for design quantities.
cost/schedule control of the project. Class 1 estimates may
be prepared for parts of the project to comprise a fair price Expected Accuracy Range:
estimate or bid check estimate to compare against a Typical accuracy ranges for Class 1 estimates are -3% to
contractor's bid estimate, or to evaluate/dispute claims. -10% on the low side, and +3% to +15% on the high side,
Typically, engineering is from 50% to 100% complete, and depending on the technological complexity of the project,
would comprise virtually all engineering and design appropriate reference information, and the inclusion of an
documentation of the project, and complete project appropriate contingency determination. Ranges could
execution and commissioning plans. exceed those shown in unusual circumstances.

Level of Project Definition Required: Effort to Prepare (for US$20MM project):
50% to 100% of full project definition. Class 1 estimates require the most effort to create, and as

such are generally developed for only selected areas of the
End Usage: project, or for bidding purposes. A complete Class 1
Class 1 estimates are typically prepared to form a current estimate may involve as little as 600 hours or less, to
control estimate to be used as the final control baseline perhaps more than 6,000 hours, depending on the project
against which all actual costs and resources will now be and the estimating methodology used. Bid estimates
monitored for variations to the budget, and form a part of typically require more effort than estimates used for funding
the changelvariation control program. They may be used to or control purposes.
evaluate bid checking, to support vendor/contractor
negotiations, or for claim evaluations and dispute ANSI Standard Reference Z94.2 Name:
resolution. Definitive estimate (typically -5% to + 15%).

Alternate Estimate Names, Terms, Expressions,
Synonyms:
Full detail, release, fall-out, tender, firm price, bottoms-up,
final, detailed control, forced detail, execution phase,
master control, fair price, definitive, change order estimate.

Figure 2e. - Class 1 Estimate

Copyright 2005 AACE, Inc.
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COMPARISON OF CLASSIFICATION PRACTICES

Figures 3a through 3c provide a comparison of the estimate classification practices of various firms,
organizations, and published sources against one another and against the guideline classifications.
These tables permits users to benchmark their own classification practices.

AACE Classification ANSI Standard
Association of Cost Norwegian Project American Society

Standard Z94.0
AACE Pre-1972 Engineers (U K) Management of Professional

ACostE Association (NFP) Estimators (ASPE)

-
Concession Estimate

Order of Magnitude
Order of Magnitude

Order of Magnitude Exploration Estimate
Class 5 Estimate

Estimate
Estimate

-30/+50 Class IV -30/+30 Level 1

Feasib~ity Estimate

z
a
" AuthorizationZ Class 4 Study Estimate study Estimateu: Estimatew Class 111-20/+20
0

Budget Estimate Level 2
e-o -15/+30wa Master Control'" Class 3 Preliminary Estimate Budget Estimate"- Estimate Level 3
'" Class 11-10/+10z

~
'"0 Class 2 Definitive Estimate Level 4;;:;

Definitive Estimate Definitive Estimate Current Control
-51+15 Class 1-5/+5 Estimate Level 5

V Class 1 Detailed Estimate

Level 6

Figure 3a. - Comparison of Classification Practices

Copyright 2005 AACE, Inc.
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Figure 3b. - Comparison of Classification Practices

AACE Classification
Major Consumer

Major OM Company Major OM Company Major OM CompanyProducts Company
Standard

(Confidential)
(Confidential) (Confidential) (Confidential)

,---
Class A

Class V Prospect Estimate

Class 5
Class S

Order ofMagnKude Class V
Strategic Estimate Estimate Class B

z Evaluation Estimate
Q
Co
z Class C

" Class 1 Class IV FeasibilKy Estimatew Class 4 Class IV
" Conceptual Estimate Screening Estimate>- Class Du
~ Development

" Class III Estimate

'" Class 2
'" Class 3 Semi-Detailed Primary Control Class III

" Estimate Class E

" Estimate Preliminary Estimate

~ Class II

'" Master Control
Class F

Class IIu Class 2 Master Control" Estimate
Class 3 Estimate

DelaUed Estimate Class I

y Class 1 Current Control
Current Control

Class I
Estimate

Estimate

..

AACE Classification
J.R. Heizelman, K.T. Yeo, Stevens & Davis, P. Behrenbruck,

Standard
1988 AACE The Cost Engineer, 1988 AACE Journal of Petroleum

Transactions [1] 1989 [2] Transactions [3] Technology, 1993 [4]

,---

Class 5 Class V
Class V

Class III' Order of Magnitude
Order of Magnitude

z
""z
"w Class IV" Class 4 Class IV>- Factor Estimate
u Study Estimate
wa
'"'" Class III Class II

" Class 3 Class IIIz Office Estimate

""'w BUdget Estimate

'"u Class 2 Class II
Class II

;;; Definitive Estimate

V Class 1 Class I
Class I

Class I Control Estimate
Final Estimate

[1] John R. Heizelman, ARCO Oil & Gas Co., 1988 AACE Transactions, Paper V3.7
[2] K.T. Yeo, The Cost Engineer, Vol. 27, No.6, 1989
[3] Stevens & Davis, BP International Ltd., 1988 AACE Transactions, Paper B4.1 (* Class III is inferred)
[4] Peter Behrenbruck, BHP Petroleum Pty., Ltd., article in Petroleum Technology, August 1993

Figure 3c. - Comparison of Classification Practices
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ESTIMATE INPUT CHECKLIST AND MATURITY MATRIX

Figure 4 maps the extent and maturity of estimate input information (deliverables) against the five
estimate classification levels. This is a checklist of basic deliverables found in common practice in the
process industries. The maturity level is an approximation of the degree of completion of the deliverable.
The degree of completion is indicated by the following letters.

• None (blank): development of the deliverable has not begun.
• Started (S): work on the deliverable has begun. Development is typically limited to sketches, rough

outlines, or similar levels of early completion.
• Preliminary (P): work on the deliverable is advanced. Interim, cross-functional reviews have usually

been conducted. Development may be near completion except for final reviews and approvals.
• Complete (C): the deliverable has been reviewed and approved as appropriate.

ESTIMATE CLASSIFICATION
General Project Data: CLASS 5 CLASS 4 CLASS 3 CLASS 2 CLASS 1

Proiect SeQ e Descri tion General Preliminary Defined Defined Defined
Plant Production/Facility Capacity Assumed Preliminary Defined Defined Defined
Plant Location General Approximate SDecific Specific Specific
Soils & Hydrologv None Preliminary Defined Defined Defined
Integrated Project Plan None Preliminary Defined Defined Defined
Project Master Schedule None Preliminary Defined Defined Defined
Escalation Strategy None Preliminary Defined Defined Defined
Work Breakdown Structure None Preliminary Defined Defined Defined
Project Code of Accounts None Preliminary Defined Defined Defined
Contracting Strategy Assumed Assumed Preliminary Defined Defined

Engineering Deliverables:
Block Flow Diagrams SIP PIC C C C
Plot Plans S PIC C C
Process Flow Diagrams (PFDs) SIP PIC C C
Utility Flow Diaarams (UFDs) SIP PIC C C
Pipinq & Instrument Diaqrams (P&IDs) S PIC C C
Heat & Material Balances S PIC C C
Process Equipment List SIP PIC C C
Utility Equipment List SIP PIC C C
Electrical One-Line Drawings SIP PIC C C
Specifications & Datasheets S PIC C C
General EauiDment Arranaement Drawin s S PIC C C
Spare Parts Listings SIP P C
Mechanical Discipline Drawings S P PIC
Electrical Discipline Drawings S P PIC
Instrumentation/Control System Discipline Drawings S P PIC
Civil/Structural/Site Discipline Drawings S P PIC

Figure 4. - Estimate Input Checklist and Maturity Matrix
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White Paper -
Comparison of IPS Cesium Separation Technology Alternatives Over Five Years of

Operation
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1.0 Introduction

RPP-RPT-37551, Project W-551 Interim Pretreatment System Pre-conceptual Candidate Technology
Descriptions describes material balances for alternative cesium separation technologies (Ion Exchange,
Solvent Extraction, and Fractional Crystallization) to support operation of an Interim Pretreatment System
(IPS) based on a cornman group of waste feed batches. The purpose ofthis white paper is to provide a
comparison ofthe three cesium separation technology material flows assuming a common operating time
period, where the IPS supports 5 yrs of LAW vitrification system production. In each case, the IPS is
assumed to transfer treated LAW to the vitrification system at a rate equivalent to 1175 MT Nalyr.

2.0 Waste Batches

The number of waste batches required to support the initial 5 yrs of LAW vitrification system operating is
influenced by the path of sodium in the cesium separation technology material balance. Waste is diluted
to 6 M Na prior to processing through either the ion exchange or solvent extraction cesium separation unit
operations. The waste is diluted by a caustic addition stream to reach conditions where alumina does not
precipitate to form solids in the IPS waste feed. The caustic addition reduces the quantity of existing
waste stored in double-shell tanks that is processed through the cesium separation unit operation (ion
exchange or solvent extraction) over a fixed operating period.

Waste dilution for the ion exchange and solvent extraction technologies is similar. Figure 2-1 indicates
that either ion exchange or solvent extraction technologies are predicted to process the first five waste
batches defined in RPP-RPT-37551, plus part ofthe sixth batch, in the first 5 yrs ofIPS operation. Ion
exchange is predicted to process 15% of the 6th feed batch, while solvent extraction processes 12% ofthe
6th feed batch. This small difference is attributed to the return of a small quantity ofwaste to double-shell
tank storage during the feed displacement cycle ofthe ion exchange system. Figure 2-2 and Figure 2-3
indicate that the relative quantity of waste and cold sodium in LAW transferred to the vitrification system
is similar for the ion exchange and solvent extraction systems. Approximately 30% ofthe sodium in
LAW transferred to vitrification originates in cold chemical additions used to support the cesium
separation system operation.
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Figure 2-1 Waste Batches Processed over InitialS yr IPS Operating Period - Ion
Exchange and Solvent Extraction Cesium Separation Technologies
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Figure 2-2 Waste Sodium and Total Sodium in LAW Transferred to Vitrification - Ion
Exchange Cesium Separation Technology
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Figure 2-3 Waste Sodium and Total Sodium in LAW Transferred to Vitrification - Solvent
Extraction Cesium Separation Technology
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The fractional crystallization cesium separation unit operation does not require significant sodium
additions from cold chemicals as part ofthe operation_ The number of waste batches required to support
IPS operation is determined by the split of sodium between LAW transferred to the vitrification system
and waste returned to double-shell tank storage_ The sodium split depends on the waste anion
composition_ Figure 2-4 indicates that the number of waste batches needed to support operation ofthe
fractional crystallization cesium separation alternative over the first 5 yrs ofIPS operation exceeds the
eight waste batches defined as a basis for material balance descriptions used in RPP-RPT-37551.
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Figure 2-4 Waste Batches Processed over InitialS yr IPS Operating Period - Fractional
Crystallization Cesium Separation Technology
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A total of sixteen waste batches were defined to approximate the initialS yrs ofIPS operation in this
white paper. Since the projected split of sodium between LAW transferred to vitrification and returned to
double-shell tank storage is composition dependent, the number of feed waste batches required to operate
the fractional crystallization technology will depend on the waste selected as feed for the IPS. The
composition of waste batches 9 through 13 used in this study were obtained from the same reference as
waste batches 1 through 8 (SVF-1848). Waste batches 9 through 13 represent supernate and dissolved
solids from AN-lOS, AN-103, AW-101, AW-104, and AP-106. Waste batch 14 represents supernate
from SY-101, while waste batch 15 is based on supernate from dissolving salt cake in S-109. Additional
feed waste was projected to be required beyond these 15 waste batches to complete the first 5 yrs ofIPS
operation. Therefore, waste batch 16 is based on the S-109 composition, assuming it originates from a
different single-shell tank with similar salt cake composition. Selection of single-shell tank salt cake
feeds with lower phosphate ion concentrations could reduce the volume offractional crystallization waste
returns to double-shell tanks.

Waste component splits for the fractional crystallization material balances are estimated from more
detailed thermodynamic calculations performed for waste composition groups (same basis as reported in
RPP-RPT-37551). The material balance splits for each feed are based on the group assignments shown in
Table 1.
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Table 1 Waste Group Assignments Estimating Fractional Crystallization Component Splits
in Waste Batches 9 through 16

Waste Batch Originating Waste Tank Waste Grouo Assignment
9 AN-lOS 4 \'!

10 AN-I 03 4 (1)

II AW-IOI 2'"
12 AW-104 5 \'!

13 AP-106 5 (1)

14 SY-IOI I '"
15/16 S-I09 Late SST \'!

Notes.
1. Groupings used in RPP-RPT-37551, Project W-551 Interim Pretreatment System Pre-conceptual Candidate

Technology Descriptions
2. Defmed in RPP-PLAN-27238, HanfordMedium/Low Curie Waste Pretreatment Project-PretreatmentProcess Plan

3.0 Stored Waste Volume Changes

Material balances prepared for each cesium separation technology were used to predict the change in
waste volume stored in double-shell tanks during the first 5 yrs ofIPS operation. The stored waste
volume changes were determined for each waste batch by comparing the volume of waste processed with
the volume of waste returned to tank farms. Figure 3-1 indicates the basic volume comparison for the ion
exchange cesium separation technology. Over the 5 yr operating period, approximately 5,500 kgal of
waste is projected to be removed from the double-shell waste tanks, while approximately 1,800 kgal of
waste is returned containing separated cesium from the ion exchange system. Waste returns from the ion
exchange system could be reduced if concentrated. Figure 3-1 indicates that the volume of ion exchange
waste returns would not be significantly different from the as-generated waste volume if a concentrated to
0.8 Ci 137CslL, but could be reduced to approximately 1,000 kgal if concentrated to 1.5 Ci 137CslL. Figure
3-2 indicates the net change in available double-shell tank waste storage for the ion exchange cesium
separation technology varies from 3,700 to 4,700 kgal, depending on concentration limits allowed for
returned waste.
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Figure 3-1 Waste Volume Removed and Returned by IPS Operation- Ion Exchange
Cesium Separation Technology
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Figure 3-2 Net Change in Available Double-Shell Tank Waste Storage Space - Ion
Exchange Cesium Separation Technology
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Figure 3-3 indicates similar volume comparisons for the solvent extraction technology implemented in the
IPS for cesium separation. Over the 5 yr operating period, approximately 5,500 kgal of waste is projected
to be removed from the double-shell waste tanks, while approximately 2,900 kgal ofwaste is returned
containing separated cesium. Waste returns from the solvent extraction system could also be reduced if
concentrated. Figure 3-3 indicates that the volume of solvent extraction waste returns could be reduced to
approximately 1,800 kgal if concentrated to 0.8 Ci 137CsiL. The return volume would be reduced to
approximately 1,000 kgal if concentrated to 1.5 Ci 137CsiL. Figure 3-4 indicates the net change in
available double-shell tank waste storage for the solvent extraction cesium separation technology varies
from 2,600 to 4,700 kgal, depending on concentration limits allowed for returned waste.

Figure 3-3 Waste Volume Removed and Returned by IPS Operation - Solvent Extraction
Cesium Separation Technology
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Figure 3-4 Net Change in Available Double-Shell Tank Waste Storage Space - Solvent
Extraction Cesium Separation Technology
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Figure 3-5 indicates the double-shell tank waste volume changes for the fractional crystallization
technology implemented in the IPS for cesium separation, The volume change estimates are more
complex for the fractional crystallization system since some double-shell tank waste solids are dissolved
as part of the feed preparation activities and waste is introduced into the double-shell tank system from
single-shell tanks to provide sufficient feed material over the 5 yr operating period, Based on estimates of
the original waste volume, Figure 3-5 estimates that feed to the fractional crystallization system will
remove approximately 15,000 kgal ofwaste from double-shell tanks,

Volume change estimates are also dependent on concentration limits used as a basis for water additions to
waste concentrate returned to the tank farm system, Figure 3-5 indicates that waste returns to the double
shell tank system are estimated to be approximately 8,500 kgal based on a sodium concentration of 9 M,
If waste returns are limited to 0,1 M phosphate ion, the volume of waste returns are estimated to increase
to approximately 12,000 kgaL Figure 3-6 indicates the net change in available double-shell tank waste
storage for the fractional crystallization cesium separation technology varies from 2,800 to 6,500 kgal,
depending on concentration limits allowed for returned waste,
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Figure 3-5 Waste Volume Removed and Returned by IPS Operation - Fractional
Crystallization Cesium Separation Technology
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A comparison ofthe double-shell tank waste storage that becomes available as a result of implementing
the alternative cesium separation technologies in the IPS depends on the concentration limits assumed to
be applied to the waste returns. Figure 3-7 provides a comparison ofthe alternatives assuming ion
exchange waste returns as stored at the as-generated composition and solvent extraction waste returns are
concentrated to 0.8 Ci 137CslL. Fractional crystallization results are shown for the two cases considered,
where waste returns are either stored at 9 M Na or limited to 0.1 M phosphate ion.

Figure 3-7 Comparison of Net Change in Available Waste Storage Space for Alternative
Cesium Separation Technologies
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4.0 DST Space Management

This section evaluates potential DST space management strategies for the IPS 5 year operating mission.
The starting point (2014) for the DST space evaluation is the System Plan Rev 3. The projected volume
data is shown in Table 2 DST Capacity and Waste Volumes (2014 to 2019) and these DST tank volumes
are taken from SVF-1440 (Support Document to System Plan). The IPS processing data (e.g. volume of
waste leaving and returning to the DST) was presented in the previous sections.

Table 3 Annualized DST Space Management for IX-sRF/CSSX Process and Table 4 Annualized DST
Space Management for Fractional Crystallization Process depicts a DST space management concept that
concludes that adequate DST space is available to support all IPS Cs separation technologies' DST
returns.
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Tanks AN-lOl and AN-I 06 were selected to be the primary storage locations for the IX/CSSX
concentrated returns. These two tanks have an apparent 1.5 Mgals of head space available, however if
this indicated space is set aside due to the solid level in the tanks from C farm retrieval than other DST
space will have to be selected. There is projected to be about 6 Mgals of empty DST space in 2014 per
SVF-1440 (a portion ofthis space is assigned to other priorities, e.g. TRUM, emergency space, etc.). The
concentrated volume ofthe CSSX return stream is very close to the IX return stream volume and for this
analysis it is assumed that 242-A operates to reduce the CSSX stream by about 1 Mgals.

The proposed location for the return streams to the DSTs are shown in Table 3 and Table 4 and
highlighted in green. The heat load from 137CsiBa decay in the return streams was also evaluated and
based on the curies/liters in the return stream no receiver tank is expected to exceed 70,000 BTU/hr.
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DST Capacity and Waste Volumes (2014 - 2019)'
Tank # Tank Waste Waste Comments Based on SVF-1440

(IPS Batch #) Capacity Volume- Volume- (Support Document to System Plan)
(gallons) 2014 2019

(~allons)2 (~allons)3

AN-101 (Batch #5 1,144,000 400,573 400,573 Volume of waste is constant
via AP-105) throughout time period
AN-102 1,144,000 1,064,645 1,064,645 Volume of waste is constant

throughout time period
AN-I03 (Batch #10) 1,144,000 900,061 1,144,000 Fluctuates between 440,060 (2018)

and 1,144,000 gallons; transfer of
waste to AY-102 to mitigate safety
concern

AN-104 (Batch #8) 1,144,000 1,020,790 1,144,000 Fluctuates between 213,287 (2018)
and 1,144,000 gallons; transfer of
waste to AY-102 to mitigate safety
concern

AN-105 (Batch #9) 1,144,000 1,096,875 1,096,875 Volume of waste is constant
throughout time period

AN-106 1,144,000 320,507 322,907 Volume of waste is constant
throughout time period

AN-I07 1,144,000 1,101,364 1,101,364 Volume of waste is constant
throughout time period

AP-101 (Batch #3, 1,246,500 1,246,500 1,246,500 Volume of waste is constant
plus half of AP-105) throughout time period
AP-102 (Batch #2) 1,246,500 1,246,500 1,246,500 Volume of waste is constant

throughout time period
AP-I03 (Batch #4) 1,246,500 1,246,500 1,246,500 Volume of waste is constant

throughout time period
AP-104 (Batch #1, 1,246,500 1,246,500 1,246,500 Volume of waste is constant
plus half of AP-105) throughout time period
AP-105 (1/2 to 1,246,500 702,445 1,246,500 Fluctuates between 702,445 (2014)
Batch #1; 1/2 to and 1,246,500 gallons
Batch #3)
AP-106 (Batch #13) 1,246,500 773,307 1,246,500 Fluctuates between 773,307 (2014)

and 1,246,500 gallons
AP-107 (Batch #7, 1,246,500 1,246,500 1,246,500 Volume of waste is constant
plus 1/3 of AZ-102) throughout time period
AP-108 (Batch #6) 1,246,500 1,246,500 1,246,500 Volume of waste is constant

throughout time period
AW-101 (Batch 1,144,000 1,102,422 1,102,420 Volume of waste is constant
#1 ]) throughout time period
AW-102 1,125,000 578,090 1,124,976 Fluctuates between 127,237 (2015)

and 1,124,976; staging tank for
evaporator?

AW-I03 1,144,000 1,144,000 1,144,000 Volume of waste is constant
throughout time period; potentially
waste for TRUM

AW-104 (Batch 1,144,000 1,096,082 1,144,000 Volume of waste is constant
#12) throughout time period
AW-105 1,144,000 275,578 275,578 Volume of waste is constant

throughout time period; potentially
waste for TRUM
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DST Capacity and Waste Volumes (2014 - 2019)'

Tank# Tank Waste Waste Comments Based on SVF-1440
(IPS Batch #) Capacity Volume- Volume- (Support Document to System Plan)

(gallons) 2014 2019
(~allons)2 (~allons)3

AW-106 1,144,000 1,144,000 1,144,000 Volume of waste is constant
throughout time period

AY-IOI 1,001,000 1,001,000 995,016 Fluctuates between 513,595 (2014)
and 1,001,000 gallons

AY-102 1,001,000 998,917 496,576 Fluctuates between 52,563 (2018) and
998,917 (2014) gallons; waste
transfers to WTP; waste transfers
from AN-104 and AN-I 03 (moot if
IPS is implemented)

AZ-IOI 1,001,000 611,989 774,790 Fluctuates between 288,774 (2016)
and 1,001,000 gallons (2017)

AZ-102 (1/3 to 1,001,000 1,001,000 1,001,000 Fluctuates between 264,587 (2014)
Batch #7) and 1,001,000 gallons
SY-IOI (Batch #14) 1,144,000 833,353 1,144,000 Volume of waste is essentially

constant at 1,144,000 gallons
throughout time period, except brief
reduction in 2019 to 555,406 gallons

SY-102 1,144,000 538,723 27,500 Fluctuates between 27,500 (2018) -
heel following final transfer? and
957,232 (201 in

SY-I03 1,144,000 714,870 345,160 Drops from 714,870 to 345,160
gallons in 2016; volume of waste
remains constant at 345,160 gallons
for remainder of time period

Notes:
1 Values taken from SVF-1440, DST Space File M-45-02N Ecology Case (Support Document to System Plan) - does not include
initiative to provide early LAW Feed to WfP
2 Volume shown for earliest date in 2014, or for last date prior to 2014, if no volume was shown in 2014
3 Volume shown for latest date in 20 19, or for last date prior to 2019, if no volume was shown in 2019
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Table 3 Annualized DST Space Management for IX-sRF/CSSX Process

PotentIal receIver tanks for Cs-loaded stream returned from IX-sRF process

Tank # Capacity Waste Waste Waste Waste Waste Waste
Volume Volume Volume Volume Volume Volume
1/1/2014 1/1/2015 1/1/2016 1/1/2017 1/1/2018 1/1/2019

AP-104 1,246,500 999,778 heel heel heel heel heel
(feed tank)
AP-102 1,246,500 1,057,155 1,057,155 1,090,473 1,121,146 1,227,787 0
(staging
tank)
AP-101 1,246,500 1,090,473 1,090,473 0 0 0 227,125
AP-103 1,246,500 1,121,146 1,121,146 1,121,146 0 0 0
AP-105 1,246,500 1042,235 1042,235 1042,235 1042,235 0 0
AP-108 1,246,500 1,145,382 1,145,382 1,145,382 1,145,382 959,830 959,830
AN-101' 1,144,000 400,573 682,380 1,004,123 1,144,000 1,144,000 1,144,000
AN-106' 1,144,000 320,507 320,507 320,507 569,982 916,875 1,144,000
Total 9,767,000 7,177,249 6,459,278 5,723,866 5,022,745 4,248,492 3,474,955
Volume,
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Table 4 Annualized DST Space Management for Fractional Crystallization Process
Tank # DST Waste Waste Waste Waste Waste Waste
Batch # Capacity Volume Volume Volume Volume Volume Volume

(Kgal) 1/1/2014 1/1/2015 1/1/2016 1/1/2017 1/1/2018 1/1/2019
(Kga!)

AP-104- 1,246 1,000 1,121 1,141 900 874 0
#1 (Batch #4) (Batch #7) (Batch #10) (Batch #14)
(feed tank)
AP-102- 1,246 1,058 1,042 1,020 1,102 1,246 0
#2 (staging
tank)
AP-101 - 1,246 1,090 357 1,246 1,246 1,246 1,246
#3
AP-I03 - 1,246 1,122 0 991 1,246 1,246 1,246
#4
AP-105 - 1,246 1,042 0 0 1,246 1,246 1,246
#5
AP-108 - 1,246 1,146 1,145 0 393 1,246 1,246
#6
AP-107 - 1,246 1,141 1,141 0 0 1,246 1,246
#7
AN-104 - 1,144 1,020 1,020 0 0 1,144 1,144
#8
AN-lOS - 1,144 1,097 1,097 1,097 0 69 1,144
#9
AN-I03 - 1,144 900 900 900 0 0 1,144
#10
AW-IOI - 1,144 1,102 1,102 1,102 0 0 310
#11
AW-I04 - 1,144 1,144 1,144 1,144 1,144 0 0
#12
AP-106 - 1,246 1,136 1,136 1,136 1,136 0 0
#13
SY-101 - 1,144 874 874 874 874 0 0
#14
S-I09-#15 N/A 0
S-I0geq- N/A 0
#16
AN-101 1,144 401 1,144 1,144 1,144 1,144 1,144
AN-106 1,144 321 1,144 1,144 1,144 1,144 1,144
Total 15,593 12,260
Volume

Note: Batches #15 and #16 will provide 1,455K gal and 1,030K gal offeed respectively
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ATTACHMENT I

Pretreatment Teclmologies Status Presentations

Two Microsoft PowerPoint™ Presentations on IPS Technologies
Presented to Decision Board
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IPS Technologies

Michael E. Johnson
CH2M HILL Hanford Group Inc.

June 4,2008
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What Pretreatment is Needed

• 1997 NRC Incidental Waste Determination for SST and DST
Wastes

• NRC concurrence that the LAW fraction is not HLW is
contingent upon DOE proceeding with the proposed waste
treatment actions

- Criterion 1: Simple solid-liquid separation to limit Sr90 and TRU
content in the low-activity waste (lAW). Solids content of lAW will
be less than 3%. CS137 separated from the lAW if the CS137
concentration exceeds 0.05 Ci/l (relative to 7M Na)

- Criterion 2: Stabilize the lAW in a glass waste form.

- Criterion 3: Prepare a performance assessment for the immobilized
lAW disposal facility and provide to the NRC for review.
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What Pretreatment is Needed cant.

• ALARA considerations
- WTP Contract Standard C.7section C.7 (d) (1) (iii) limits

the CS 137 concentration to 0.3 Ci/m3 in the ILAW glass
- Part of the contact maintenance philosophy for the facility
- Corresponds to a limit of 1.748E-05 Ci/mole sodium in

the feed to the LAW Vitrification facility, assuming the
ILAW glass contains 20wt% sodium oxide.

• OSVS ALARA analysis[4] established maximum
allowable concentration and inventory for CS137

- ICV box is limited to 303 Ci of CS 137

- Corresponds to 1.23E-03 Ci/mole sodium, assuming
49,205 liters of 5M sodium feed processed
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SRNL Pilot-scale Crossflow
Filtration unit (1997)

Cand idate Solid-LiqU idRPP-RPT-37741,Revo

Separations Technologies

• Crossflow filtration
7-element tube bundle 0.1J.llTl

sintered metal 3/8" id

40" long elements

• Rotary Microfiltration

1--+1--- Motor

25 disk filter unit

Requires
25 - 50 gpm pump 754 4
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Crossflow Filtration

• Baseline solid-liquid separation technology for WTP and
SRS

• LAW testing conducted
- Single 0.1/-lm tube testing with AW-1 01 and AN-1 04 tank waste

samples
- 7 element 0.1/-lm tube bundle testing with AN-1 05 simulant

• Typically 1,000 + gpm recirculation pump to generate -10
gpm filtrate

• Additional testing needed with candidate IPS feeds, filter
cleaning methods, and large-scale demonstration
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Rotary Microfiltration

• Alternative solid-liquid separation technology for SRS MST
and HLW solids
- Lab-scale, single O.1/-lm disk with SRS waste samples and

simulants
- Prototypic 25-disk unit tested with simulants

• Prototypic 25-disk unit tested with AN-1 05 simulant

• Typically 1,200 rpm disk speed and 25 to 50 gpm pump to
generate -10 gpm filtrate

• (2) 25-disk unit with pumps are designed to fit in 39"
diameter tank riser

• Additional testing needed with candidate IPS feeds and
large-scale demonstration
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Preliminary Rotary Microfiltration TestPReslrrts

• 25-disk unit with 0.5J.lm pore size tested with AN
105 simulant
- SRNL determined this disk pore size was optimal for

SRS wastes

• Steady-state filter fluxes:
- 0.06 wt % solids averaged 0.25 gpm/disk (6.25 gpm

total)
- 0.29 wt % solids averaged 0.16 gpm/disk (4 gpm

total).
- 1.29 wt % solids averaged 0.10 gpm/disk (2.4 gpm

total).

• Filtrate turbidity measured < 5 NTU in all
samples collected
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Preliminary Rotary Microfiltration TestPReslrrts

Particle Size Comparison of Hanford Simulant Run in
Rotary and Crossflow Filters 8
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• AN-105 simulant had smaller
particle size distribution than
AN-105 simulant used in 1998
crossflow filtration tests
- Crossflow filter and rotary

microfiltration tests can't be
compared

• Additional testing with actual
AN-105 using single 0.1 ~m
pore size disk planned for
later this summer

• SRNL did not back-flush filter
between nightly shutdowns,
leading to plugging and lower
flux rates
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Technologies
• Fractional Crystallization

- Separate bulk salts from radionuclides (e.g. Cs and Tc)
- Used 1974 to 1985 at Hanford to create saltcake waste
- RPP-PLAN-341 01, 2007, Hanford Medium / Low Curie Waste

Pretreatment Alternatives Project Integrated Test and Demonstration
Plan

• Ion Exchange using spherical Resorcinol Formaldehyde (sR-F) resin
- Baseline process for WTP Pretreatment
- 24590-WTP-RPT-RT-06-001, 2006, Basis for Recommendation of

Spherical Resorcinol Formaldehyde Resin as the Approved Equivalent to
SuperLig 644

- WSRC-STI-2007-00609, 2007, Literature Reviews to Support Ion
Exchange Technology Selection for Modular Salt Processing

• Caustic Side Solvent Extraction (CSSX)
- Baseline process for SRS Modular CSSX Unit and SWPF
- WSRC-TR-2005-00258, 2005, Waste and Solvent Composition Limits

For Modular Caustic-Side Solvent Extraction Unit (MCU)
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Caustic Side Solvent ExtractionTeS
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SRS Optimized Solvent Composition
• Four component solvent mixture

• O.007M Calix[4]arene-crown-6 (BOBCalix) cesium extractant
- Tc not significantly extracted
- Some Na and K extracted, but removed in scrub stages
- K concentration in feed affects Cs extraction and can lead to solids

formation in extraction if temperature drops below 15°C (at O.75M Cs
7SB)

• O.75M Alkylphenoxy alcohol modifier (1-(2,2,3,3-tetrafluoropropoxy)
3-(4-sec-butylphenoxy)-2-propanol) also known as Cs-7SB
- Enhances the extraction power of the BOBCalix
- Prevents the formation of a third phase (solids)

• O.003M Trioctylamine (TOA), improves stripping performance and
mitigates the effects of any surfactants present in the feed stream.

• Inert hydrocarbon diluent (Isopar-L)
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CSSX Preliminary Test Results
• Initial results determined that Potassium in waste is a

significant issue
- Another solvent has been identified but would take significant

development

• Candidate IPS feed simulants were prepared and tested
with the baseline and new CSSX solvent mixtures to
provide information for modeling
- CSSX process was modeled for the candidate IPS feeds to

estimate number of centrifugal contactors and provide flowsheet
information

• Preliminary modeling results indicate 41 contactors
required for extraction, scrub, and strip

762 12



CSSX Issues
• Solvent Degradation

RPP-RPT-37741, Rev 0

- Lipophilic anions such as dibutylphosphate can build up in the
solvent and impair cesium stripping performance; removed
readily by washing the solvent with dilute NaOH solutions.

- TOA loss is approximately 10% per year. The chief chemical
degradation product of TOA is dioctylamine, which is washed out
in the aqueous strip effluent [ORNLlTM-2001/285].

- Radiolysis breakdown of TOA to 4-sec-butylphenol was also
demonstrated to be removed by raffinate and NaOH washing
[ORNLlTM-2001/49].

• Solvent Entrainment

- Entrainment of organic in aqueous phases of aqueous in the
organic phase can lead to unwanted consequences
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Cesium Ion Exchange

Lead
Column

O.5M HN03

Lag
Column

'-----,;---------;0. SPOOlCaI R~o,ciDol_Fo"naJ<kby<k

Clarified Feed Pretreated LAW Cesium Eluate

14



RPP-RPT-37741, Rev 0

IX Preliminary Test Results
• Existing WTP IX model for spherical resorcinol-formaldehyde (sR-F)

resin used
- Candidate IPS feeds modeled

• Model assumes fresh resin
• Only loading cycle modeled

• Column diameter has little effect on predicted column loading

• lower flow rates can increase volume of waste loaded

• Operating the columns at 15°C instead of 25°C will increase loading
by -34%

• Maximum Cs-137 loading on lead column is 130 Ci/l; column
cooling may be required

• Column volumes processed each cycle range from 400 to 600
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sR-F Resin Ion Exchange Issues

• Hydrogen gas generation due to radiolysis of the
LAW feed and the sR-F resin
- WTP column design includes a complicated nitrogen

purge system
- ORNL has demonstrated for CST IX column that

gases generated were swept out with the effluent,
gases did not coalesce, rise in the column, or disrupt
the bed [ORNLITM-1999/1 03]

• Full-scale hydraulic resin removal needs to be
demonstrated

• Additional testing to validate IX model
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Alternate Pretreatment Technologies
Fractional Crystallization Status

RPP-RPT-37741, Rev 0

June 10,2008

CH2MHILL
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Fractional Crystallization at fl~tffOfd

• FC uses evaporation and crystallization to separate
radioactive isotopes from the non-radioactive sodium salts
that make up a large fraction of the Hanford tank waste.

• As the liquid in the waste evaporates, non-radioactive
sodium salts crystallize.

• Radionuclide ions like 137CS+ are
too large to substitute for Na+ ions
in the sodium salt crystal, so the
radionuclides remain in the liquid
phase.

• Separation of the crystals from the
mother liquor completes the
process.
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Traditional Approach roPT-37741,Revo

Pretreatment at Hanford
Tank Waste
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Fractional Crystallization Al'pr081:h
to Pretreatment at Hanford

Tank Waste
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Potential Advantages

• 99Tc, 1291, TRU, & RCRA metals go with 137CS into HLW.

• Adds no sodium to the Hanford tank system.

• Provides supplemental evaporative capacity.

• Generates no new waste streams (e.g., spent IX resin).

• Total cesium inventory in the facility is significantly less
than other methods.

• High decon factors possible, 2 cycles in excess of 20,000

• Life Cycle Costs may be lower than other technologies, no
chemical and resin cost

• Sulfur can be removed from the LAW stream
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Potential Disadvantages

• Only 35 - 80 percent (depending on the feed
composition) of the Na in the feed stream ends
up in the LAW stream

• Balance of feed is recycled back to DSTs,
raising the concentration of some components

• While IPS DST simulants have been modeled
and tested in the lab, the ability to treat actual
DST feeds has not been proven by testing
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Are englneenng scale results consistent /\.
with model and lab scale results? V

Fractional CrystallizatioBi-RPT-37741,Revo
t d T t dDt t- PII tn eara e es an emons ra Ion an

Modeling
Model Model Model Model Use to Investigate process
Devel~pment Refinement Validation Parameters and Feed Variability.. A

~ •
Are lab scale simulant results () Is waste behavior consistent with

consistent with model? simulant and model results?

Lab Scale Simple Salt Complex Salt Waste Actual Process and
Systems Sy~tems Sim~lant Wa'fte Feed Variability

Tests • •I

•
Engineering
Scale Tests

Simple Salt Complex Salt Separation
Sys!ems Syste~s & Cs Tests

Are model, lab scale and engineering scale /\.
results suitable for pilot plant design? V

Pilot Scale De~ign Con~truct Te...st

I
774 Is fractional crystallization suitable for A 8

pretreatment of Hanford waste? V
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Fractional Crystallization ~PP-RPT-37741,Revo

Modeling

• Uses a commercial
model, ESP by Oll

• Modeling was
performed to:
- Understand the Fe

as it applies to
Hanford waste

- Predict the process
performance using
a variety of waste
compositions

- Define lab,
engineering, and
pilot scale test
parameters. 9



Fractional Crystallizatiolf;-RPT-37741,Revo
Modeling Results

The computer
model predicted
that the Fractional
Crystallization
process could
meet project
goals

Computer
Results Goal Model

Prediction

Cs OF 50 110-270

Sodium
50% 70% - 80%

in LAW
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Lab-Scale with Simulant

• Two independent
labs performed in
excess of 70 tests
with simulant to:
- Validate the

computer model
performance
predictions.

- Investigate ease
of control and
robustness

Georgia Tech and 222-S System
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Variety of Fractional Crystall~miC1Hevo

Apparatus Used

Georgia Tech AQParatus

-

Hanford Boildown Al2.paratus
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Bath
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Lab with Simulant Performance Results

• The process
performed as
predicted by
the computer
model.

• Results were
reproducible
despite minor
variations in
process
parameters
and equipment

Computer Lab Scale
Results Goal Model Simulant

Prediction Tests

Cs OF 50 110-270 > 150

Sodium
50% 70% - 80% 80%

in LAW
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Lab-Scale with Tank Waste

lf
- !~
~ f •

I ...-

• August 2006, laboratory-scale tests were
conducted with actual tank waste samples in a
hot cell at the 222-8 Laboratory.

• The test were
performed to:
- Verify that actual waste

behaves like simulant

- Verify that the computer
model predicts system
performance with real
waste at lab scale.

- Explore the limits of Cs
decontamination
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Results with Actual Tank Waste41
,Revo

• The actual tank waste samples behaved the same as the
simulated waste samples tested previously

Results Goal
Computer Model Lab Scale Lab Scale

Prediction Simulant Tests Actual Waste

Cs OF 50 110 - 270 > 150 >150

Sodium in
50% 70% - 80% 80% 80%

LAW

TcOF None Same as Cs N/A >150

IOF None Same as CS N/A >150
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Engineering-Scale Tests with Simulant

• Testing was initiated at crystallizer manufacturer to duplicate
the Georgia Tech results on a larger scale.

• The same computer model and approach used by Georgia
Tech was used by Swenson

• "A suite of solid-liquid separation equipment" was evaluated

• The tests were performed to:
- Investigate continuous mode

operation with Hanford simulant

- Define pilot scale design
parameters

- Investigate the effects of residence
time and evaporation rate on
product crystals.
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Fractional Crystallization:
Engineering Scale Test Results

• The process
performed as
predicted by the
computer model.

• Evaporation rate
and residence time
were consistent with
construction of a
reasonably sized
pilot scale system
(6-8 hours).

Computer
Engineering

Scale
Results Goal Model

Simulant
Prediction

Tests

Cs OF 50 110 - 270 167

Sodium
50%

70% -
N/A

in LAW 80%
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Pilot Scale Testing

• The pilot scale system was constructed at the Savannah River National
Laboratory. The locations was chosen to take advantage of existing
equipment and systems and its proximity to Georgia Tech.

• Pilot plant system has a 1.5 GPM feed rate, 1 GPM LAW product rate
(1/5 scale of the SST baseline plant).

• The system utilizes 10,000 gallons of simulant.

• The volume of the crystallizer loop is 1000 gallons.

• The pilot can reconstitute feed on-the-fly and can operate for indefinite
periods.

• The pilot plant can demonstrate the operation of either of two similar
stages in a production plant.

• All unit operations and equipment is prototypic of the production facility.

• Except for the crystallizer, reboiler and condenser (which are of
standard design) all equipment is off-the shelf.
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Fractional Crystallization Pilot"Ptant~c

Feed and Product Tanks

I.,
I

. I
,

Pilot plantfeed tanks holdj!'lg 10,000 gal of feed, total. 21



Fractional Crystallization Pilotppjantvo
Crystallizer Loop and Reboiler

788 22
The crystallizer holds 1,000 gal (recirculation loop and reboiler).



Fracti0 naI CrystaII izati0 R'-RPT-37741, Rev 0

(Solid I Liquid Separation)

Centrifuge; crystals are separated
from the crystallizer slurry.

Product tanks; recovered
crystals are re-dissolved with

789 condensate. 23



Fractional Crystallization PiloteP4aAt~o

System Monitoring Station

24



Fractional Crystallization PiloLPJani,.o
Computer Monitoring

Digital Acquisition System (DAS) Computer Monitoring
Interactive monitori~~and adjusting on screen 25



Fractional Crystallization Pilotp-PIamvo

Crystals produced on 4/19/08 during operation of the pilot plant. The
large crystals are NaN03(sodium nitrate) and the tiny ones are mainly

Na6C03(~g4h(burkeite). 26



Preliminary Results of Fractie-neJ41,RevO
Crystallization Pilot Plant Testing

• Tests ran from April 17, 2008 to May 31, 2008.
• Experienced a number of non-process related equipment

failures (pumps, heaters, instruments, boilers, etc).
• Demonstrated response and recovery to multiple casualties

including: loss of steam, loss of control power, loss of
condensate, plugged lines, hose failure and loss of feed.

• All shutdown, standby and turndown modes demonstrated.
• The system is tolerant of off normal conditions and process

upsets.
• The system operation is stable and easy to control.
• Cs DF approximately 200.
• Sodium yield 52% (if known and avoidable centrifuge losses

are considered, yield would be similar to model prediction).
• Sulfur removal was demonstrated.
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Fractional Crystallization Resultsr-RJTo74Date
• The product salts exceed all separation criteria

• The actual tank waste samples behaved the same as the simulated
waste samples tested previously

• Evaporation rate and residence time were consistent with
construction of a reasonably sized pilot scale system

794

Computer
Lab Lab Engineering Pilot Plant

Scale Scale Scale
Results Goal Model Tests

Simulant Actual Simulant
Prediction

Tests Waste Tests (Preliminary)

Cs OF
50 >150

110 - 270 > 150 167 100 - 200
(2000) (13000)

Sodium 52%
inLAW

50% 70% - 80% 80% 80% N/A
(70%)

Sulfur in
None N/A N/A N/A N/A 80%

LAW reduction
L1::I



RPP-RPT-37741, Rev 0

Tank Farm Chemical Inventory, Hanford Site

by phase
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Centrifuge Accumulation

FC Pilot Plant Centrifuge
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Centrifuge Design with ScrewRev

0

Auger to Prevent Accumulation
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Pilot Plant Centrifuge RPP-RPT-37741,R,vO
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Commercial Centrifuge",mm"".o
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ATTACHMENT J

IPS Cost & Schedule Basis of Estimate
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RPP-RPT-37741, Rev a

Basis of Estimate
• This is a Class 4 estimate per the Association for the Advancement of Cost Engineering (AACE)

International definitions. A Class 4 estimate has an expected accuracy range from a minus 30%
to a plus 50%.

• Methodology - Project costs are broken down into three categories.

o Capital costs - includes engineering design, project management, construction
management, construction, and start-up and testing.

• Construction costs are based on take-offs from the plans and equipment lists
developed in RPP-RPT-37551.

• Engineering costs are based on a percentage of construction costs.

• Conceptual design @ 10%

• Preliminary design @ 15%

• Detailed design @ 30%

• Title III engineering @ 20%

• Costs for project management, construction management, procurement, etc., are
man loaded by year.

o Operation and Maintenance costs - includes specific work crews based on 24/7
operation, the major chemical usage, utilities, and assumed equipment replacements.

o Deactivation, Decontamination, and Demolition costs - includes site cleanup.

• Cost Sources

o Material/Equipment pricing and labor hours are developed from:

• Richardson "Process Plant Construction Estimating Standards"

• RS Means Commercial Building Construction Costs

• "Process Equipment Cost" from Matche.com

• Quotes from vendors

• Costs from previous estimates are escalated to current dollars and used
when quotes were not obtainable.

o Hanford site employee rates by the COCS classification are per the current rates being
used on site. Construction craft labor rates are based on the Davis Bacon Decision #
WA2008009, February 08, 2008 for Benton and Franklin Counties (DOE Hanford Site
Only). Craft benefits are per the agreement.
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• Markups

o Workers Compensation Insurance is assumed to be average for the USA shown in RS
Means data. The percentage markup varied by craft.

o Assumed markups on base labor:

• Payroll burden 19.41%

• Small tools 1.0%

• Consumables 3.0%

• PPE 4.0%

• A productivity adjustment of 118.56% from commercial to site specific nuclear
process quality control rates was applied to labor hours.

o Sales tax on materials and equipment 8.3%.

o Public Liability Insurance 2%

o Performance and Payment Bond 2%

o Subcontractor FeeiProfit 8%

o A 30% contingency factor is applied to the project costs.

o The estimates are prepared in 2008 dollars. The project schedule was used for escalating
costs at 2.4% per year.

• The estimating software used is Timberline Extended by Sage Software.
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Technology Discriminators

RPP-RPT-37741, Rev 0

IX-sRF FC CSSX
Solids filter feed tank 700 gal. 3,500 gal. 700 gal.

Solids filter concentrate N/A withRMF 890 ft. with RMF N/A withRMF
return line 890 ft. with CFF 890 ft. with CFF 890 ft. with CFF

RMF equipment 4 units - requires new 12 units - requires 4 units - requires new
DST pit additional vault DST pit

CFF equipment 2 bundles @ 70 tubes 3 bundles @ 217 tubes 2 bundles @ 70 tubes
ea. ea. ea.

100 hp recirculation 300 hp recirculation 100 hp recirculation
pump pump pump

Feed recei pt tank 14,400 gal. 32,000 gal. 11 500 gal.
Off-gas adsor ber N/A N/A 200 scfm

LAW product tank 2X laJ. 57,500 gal. 2X laJ. 23,000 gal. 2X laJ. 45,000 gal.
Cesium product tank IX @ 7,700 gal. IX @ 8,600 gal. 2X @ 5,700 gal.

Effluent transfer line to N/A 700 ft. N/A
ETF

Process off-gas filter train 250 cfm 700 cfm 250 cfm
Vault recirculation 3 ton with RMF 31 ton with RMF 10 ton with RMF
air handling unit 6 ton with CFF 31 ton with CFF 14 ton with CFF

Process chilled water 20 ton with RMF 1,200 ton with RMF 25 ton with RMF
svstem 40 ton with CFF 1,300 ton with CFF 45 ton with CFF

Steam supply system N/A 25,000Ib/hr N/A
Electrical power 82 kW with RMF 305kWwithRMF 82 kW with RMF

82 kW with CFF 231 kW with CFF 82 kW with CFF
Structural concrete 1,970 cu. yd. with 2,570 cu. yd. with RMF 3,560 cu. yd. with

RMF 2,680 cu. yd. with CFF RMF
2,240 cu. yd. with 3,830 cu. yd. with

CFF CFF
Incremental 16 tank-to-tank transfers

Transfers/Retrievals N/A @ $214K ea. N/A
to satisfy 1,175 MT Na/yr. 2 SST retrievals @ $25M

feed to WTP over 5 yr. ea.
3 cross-site transfers @

$380K ea.
Incremental Tank Farms N/A N/A $10M for 242-A

Eva porator Runs Evap. Runs

Technology-specific major $7.7 with RMF $22. 1M with RMF $22.1M with RMF
equipment procurement $3.2M with CFF $8.4MwithCFF $17.5M with CFF

(including mark up)
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Assum ptions & Clarifications
• The capacity ofthe FC steam supply system is driven by the source tank waste having the highest

throughput requirement. It is acknowledged that the boiler will not consume fuel at this highest rate
all ofthe time. Consequently, average annual fuel consumption is incorporated into the estimate.

• It is noted in RPP-RPT-37751 that the assumed design life ofthe rotary micro filters is 3 years.
Consequently, an out-year operating cost for replacement ofthe units has been included in the fourth
operating year ofthe three options incorporating the rotary micro-filtration technology.

• Since fractional crystallization requires 3 times as many rotary micro filter units as IX and CSSX,
engineering cost for the option calculated as a percentage of construction costs would be

disproportionately inflated. Consequently, the engineering cost for the FCIRMF option is calculated
assuming the same number of rotary micro filter units as for IX and CSSX.

• It is noted in RPP-RPT-37751 that the SpinTek rotary micro filter would need to be re-designed to fit
within a 42-inch diameter riser on a Hanford DST and the pump suction legs would need to be

extended. However, no increased design effort has been included in the estimates ofthe three options

incorporating the rotary microfiltration technology.

• "Equipment" category includes technology-specific major equipment procurements and Hanford
specific estimated capital items (e.g., Purex-type connectors, pre-fabricated pump pit, etc.).

• "Material" category includes commercially estimated items and ancillary costs of construction (e.g.,
earthwork digging, grading, & hauling equipment rental; concrete vibrating equipment rental;

welding equipment rental).

• "Other Amount" category includes testing (e.g., non-destructive weld; concrete slump &
compression; soil density & compaction), some D&D associated costs, and the FC incremental

transfers/retrievals.

• "Add-on Amount" category includes markups from Basis of Estimate.
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Basis of Schedule
• Overall design duration (conceptual, preliminary, and final) of 44 months assumed to be adequate for

all alternatives; therefore, not a discriminator

• Remaining critical path activities, construction and startup, were the schedule discriminators

• Construction durations for each option were based on total craft labor hours and an assumed crew

size, resulting in the following durations:

o Ion ExchangelRotary Micro Filter: 26 months

o Ion Exchange/Cross Flow Filter: 27 months

o Fractional CrystallizationlRotary Micro Filter: 32 months

o Fractional Crystallization/Cross Flow Filter: 32 months

o CSSX/Rotary Micro Filter: 39 months

o CSSX/Cross Flow Filter: 40 months

• Filtration options were not considered to be a discriminator for startup

• Startup durations were estimated as follows:

o Ion Exchange alternatives: 14 months

o Fractional Crystallization alternatives: 17 months

o CSSX alternatives: 21 months
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