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PO, Box45o WISIN H6-60
Richland, Washington 99352

FFR 0 3 2006

06-WED-009

Mzr. J. P. Betts, Project Manager
Bechtel National, Inc.

2435 Stevens Center

Richland, Washington 99352

Dear Mr. Betts:

CONTRACT NO. DE-AC27-01RV 14136 - TRANSMITTAL OF WASTE TREATMENT AND
IMMOBILIZATION PLANT (WTP) OPERATIONS RESEARCH, TANK UTILIZATION,
AND STEADY STATE FLOWSHEET ASSESSMENT DESIGN OVERSIGHT REPORT
(D-05-DESIGN-021)

References: 1. BNI letter from J. P. Henschel to R. J. Schepens, ORP, “Hanford Tank Waste
Treatment and Immobilization Plant Deliverable 2.5 Operations Assessment
and Deliverable 2.6 WTP Tank Utilization Assessment,” CCN: 106651,
dated August 31, 2005.

2.  BNI letter from J. P. Henschel to R. J. Schepens, ORP, “Deliverable 2.7
Hanford Tank Waste Treatment and Immobilization Plant Material Balance
and Process Flowsheet Assessment,” CCN: 106652, dated November 15,
2005,

References 1 and 2 provided the 2005 WTP Operations Research Assessment, 2005 WTP Tank
Utilization Assessment, and 2005 WTP Material Balance and Process Flowsheet Assessment to
the U.S. Department of Energy, Office of River Protection (ORP) for review and comment.

ORP completed review of these three WTP process model assessments in December 2005
through January 2006. This letter transmits the WTP Operations Research, Tank Utilization, and
Steady State Flowsheet Assessment Design Oversight Report which documents conclusions,
recommendations, and open items from this review.

The primary objective of this design oversight was to evaluate the process models to demonstrate
that the WTP design meets WTP Contract facility performance specifications. This oversl 1ght
has determined the following:

1. The WTP Process Models have significantly advanced such that they can be used to more
accurately predict WTP flowsheet and production performance and be used as diagnostic
tools to assess design adequacy;

2. There is one Finding that the WTP Process Models are not being used to support the WTP
Process design or to demonstrate waste treatment capacity;
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3. The results of the Operations Research Assessment do not support the minimum
requirements for WTP facility availability as determined in the Basis of Design;

4. The results of the Tank Utilization Assessment do not demonstrate nameplate capacity for
Low Activity Waste (LAW) and High Level Waste (HLW) treatment. The ultrafiltration
system appears to be the limiting unit operation for waste treatment;

5. The steady state flowsheet assessment results do not demonstrate the nameplate capacity for
LAW and HLW treatment. The steady state flowsheet assessment results revealed
precipitation reactions that have not been accounted for in design calculations and the WTP
Engineering Baseline Process Performance Software mass balance used for engineering
design; and

6. Bechtel National, Inc. (BNI) acknowledged that the full capacity of the WTP is not known.
The evidence presented in WTP Process Models indicates that the WTP Contract capacity
requirements cannot be met with the current WTP design.

BNI is directed to perform the demonstration of WTP waste treatment capacity as required by
the contract, Section C, Clause C.7(b). This demonstration should:

1. Demonstrate WTP treatment capability and confirm the design using the Operations
Research, Tank Utilization, and Steady State Flowsheet models;

2. Select process model assumptions such that all models accurately represent the WTP design
and can be used together to support conclusions regarding capacity and availability, and
demonstrate performance against Contract Facility Specification requirements;

3. Assume waste feeds that cover the spectrum of waste planned for delivery to WTP over the
mission of treating all Hanford tank waste;

4. Be performed on a priority basis to minimize potential impacts to ongoing WTP design and
construction. The capacity demonstration including identification of potentially required
design changes should be completed to support formalization of the project’s Estimate at
Completion due on May 31, 2006; and

5. Obtain ORP concurrence with key assumptions and methodology.

A Notice of Finding is attached to this letter (Attachment 1) for BNI action. The design
oversight report (Attachment 2) identifies 16 Open Items in Section 5 for BNI action.
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BNI shall formally notify ORP of the plan and schedule for closure of the Finding and Open
Items within 30 days of receipt of this letter. All Open Items resulting from this oversight shall
be entered into the BNI Recommendation and Issues Report Tracking System.

Work to perform process modeling to demonstrate facility performance is within Contract scope.
If you have any questions, please contact me, or your staff may call Bill Hamel, Director, WP
Engineering Division, (509) 373-1569.

Sincerely,

(o E e

John R. Eschenberg, Project Manager
WED:RAG Waste Treatment and Immobilization Plant

Attachments (2)

cc w/attachs:

J. P. Henschel, BNI
L. Lamm, BNI

S. Piccolo, WGI
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Notice of Finding

WED:RAG
January 20, 2006
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NOTICE OF FINDING

Contract DE-AC27-01RV 14136, dated December 11, 2000, between the U.S. Department of
Energy (DOE) and Bechtel National Inc. {BNI), defined the Waste Treatment and immobilization
Plant (WTP) facility functional specifications and design analysis requirements.

Section C.7 (b) specifies the WTP facility functional requirements and method to determine the
facility availability, Section C.7 (b) states that: “Waste treatment capacity for each major facility
is defined as a product of the facility design capacity (facility nameplate design capacity)
multiplied by the overall individual facility availability factor. The Contractor is to establish the
facility design capacity through its engineering processes. The Contractor is to establish the
facility availability factor from the Operational Research Assessments (emphasis added) as
defined in Standard 2 (b) (1) Operational Research Assessments of the Waste Treatment and
Immobilization Plant.”

Section C.7 (b) specifies the method to demonstrate the WTP facility waste treatment capacity.
Section C.7 (b) states that: “During the design process the WIP waste treatment capacity shall
be demonstrated using process modeling.(emphasis added) The WTP waste treatment capacity
will be verified through the plant testing performed during commissioning tesis conducted in
accordance with Standard 5, Commissioning.”

Standard 2 (b) specifies the use of models to support the design process. Standard 2 (b) states
that: “The Contractor shall develop and use analytical models to support the design of the
process and facility system (emphasis added), support pre-operational planning assessments, and
provide technical integration with Tank Farm Contractor waste feed staging and product
acceptance activities. The Contractor will, at a minimum, use the following models: (emphasis

added)

“Operations Research Assessment of the Waste Treatment and Immobilization Plant:..”
Standard 2 (b),(1)

“Waste Treatment and Immobilization Plant Tank Utilization Assessment..” Standard 2

(b).(2)

“Material Balance and Process Flowsheet:..” Standard 2 (b).(3)

During the conduct of a design oversight on the WTP Operations Research, Tank Utilization, and
Steady State Flowsheet Assessments conducted from December 13, 2005, through January 17,
2006, the DOE Office of River Protection (ORP) identified the following Finding:

Contrary to the above Contract requirements, BNI Engineering staff have not used the Process
Models (Operations Research Assessment, Tank Utilization Assessment and Mass Balance and
Process Flowsheet) to support the design of the WTP or demonstrate WTP waste treatment
capacity. This was confirmed by BNI, in meetings with ORP, on December 13, 2005 and
January 17, 2006, BNI Engineering staff identified that the Process Models are used for design
assessment only and have no role in the design process. BNI Engineering staff also identified
that BNI has not completed an assessment to determine the full capability of the WTP and
therefore does not know the full design capability of the WTP.
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The primary design tools used by BNI in process design are the WEBPPS Mass Balance (Mass
and Energy Balance Calculation) and the Process System and Mechanical System Component
Calculations.

The Operations Research Model is used to confirm the average availabilities of the WTP
facilities expressed as target values in the Basis of Design.

«  The Tank Utilization Assessment (TUA) Model is used to complete tank utilization analysis,
predict the results of Tank Farm feed blending scenarios and analyze mission
duration/canister and container counts. The TUA model is not used to demonstrate the WTP
capacity or support the design of the WTP.

+  The Mass Balance and Process Flowsheet (Steady State Model) is used to provide
permitting/emissions estimates, and chemistry predictions (thermodynamic equilibrium) for
treatment of specific tank waste chemistries. The Steady State Model model is not used to
demonstrate the WTP capacity or support the design of the WTP.

BNI shall provide, within 30 days of the date of the cover letter that transmitted this Notice, a
reply to the Finding above. The reply shall include: (1) admission or denial of the Finding; (2)
the reason for the Finding, if admitted, and if denied, the reasons why; (3) the corrective steps that
have been taken and the results achieved: (4) the corrective steps that will be taken to avoid
further Findings; and (5) the date when full compliance with the appropriate commitments in your
Contract will be achieved. Where good cause is shown, considerations will be given to extending
the requested response time.
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WED:RAG
January 20, 2006

Attachment 2
06-WED-009

WTP Operations Research,
Tank Utilization, and
Steady State Flowsheet Assessment
Design Oversight Report

D-05-DESIGN-021

January 2006
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U.S. Department of Energy, Office of River Protection

WTP Operations Research,
Tank Utilization, and
Steady State Flowsheet Assessment
Design Oversight Report

D-05-DESIGN-021

January 2000

Prepared by:

/&{:{wd‘ﬂ X LQM{?J // I?/ag

_ Robert A. Gilbe

o [T T 117/06

angdon K. Holton

o ::, \_Q (}“tj_z.?./,a -P- AJ f\ifl C'}éL’]"YL——"

Nicholas P. Machara

foantl ToZz

Paul J.Certa

Michael E.

Approved by:

QLN

William F. Hamel
Director of WTP Engineering Division

Official Use Only
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Executive Summary

The Office of River Protection (ORP) Waste Treatment and Immobilization Plant (WTP)
Engineering Division {(WED) performed a Design Oversight of the Bechtel National, Inc. (BNI)
WTP Operations Research (OR), Tank Utilization (TUA), and Steady State Flowsheet
Assessments.

The objective of this Design Oversight was to evaluate the WTP OR, TUA, and Steady State
Flowsheet Assessments and confirm that the design meets WTP Contract Facility Performance
specifications. Specific questions were evaluated with respect to WTP Contract compliance,
demonstration of required facility availability and treatment capacity, identification of process
flowsheet issues, identification of proposed solutions to process flowsheet issues, and
implementation of solutions to process flowsheet issues.

The Oversight Team made the following Finding as a result of this Oversight.

BNI has not used the Process Models in the design process to support the WTP design or
demonstrate WTP waste treatment capacity as required by the WTP Contract Standard 2
(b) and Section C.7 (b) respectively.

The Oversight Team concludes the following based upon this Oversight:

1. BNI has continued the development of the OR, TUA and Steady State Flowsheet models for
the WTP such that they can be used to more accurately predict the anticipated WTP
flowsheet and production performance and be used as diagnostic tools to assess design
adequacy. These models can be used to confirm the WTP design and support equipment
design and process flowsheet decisions. These models can also be used as a basis to modify,
and confirm, the primary design tools, the WEBPPS Engineering Mass Balance and the
Process and Mechanical System Component Calculations to ensure that the WTP design is
adequate.

2. BNI has developed the TUA and Steady State Flowsheet process models consistent with the
scope of the technical analysis requirements defined in the WTP contract (¢.g. vessel
capacities, sampling requirements, process control, sludge processing etc.). The Operations
Research model has not yet included all BOF systems such as the glass former facility. In
addition, the OR Model was not used to the full extent of its programmed analytical
capability and did not fully incorporate currently identified design changes resulting from
BNI’s evaluation of approaches to resolve the UFP design issues.

3. BNI has separately applied the OR, TUA and Steady State Flowsheet models to assess
different aspects of the WTP design and project WTP performance. The three process
models do not demonstrate or confirm plant design throughput capability. The configuration
of the models is not consistent with respect to waste feeds, waste treatment requirements and
the operating configuration. The model results were not integrated to provide a complete
design confirmation and overall recommendations on WTP performance enhancements and

-
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10.

potential improvements.

BNI is effectively using the results of the OR Model in the design process to support
decisions on equipment components (e.g. remote valve design features) and alternative
operating concepts (e.g. use of the PTH crane) to assess WTP design adequacy.

BNI has developed and maintained a formally documented and comprehensive process, for
maintaining configuration control of the process models.

BNI has not used the result of the TUA and Steady State Flowsheet models to confirm the
WTP design as required by the “Design Process Plan and Description™, Deliverable 3.1.

BNI has a formal and traceable process for resolution of design and process flowsheet issues
identified in the process models. This is the Recommendation and Issues Tracking System
(RITS) and/or the Project Risk Management Program (24590-WTP-GPP-PT-003). The
issues identified in the process model deliverables have not been entered into either issue/risk
management program.

The results of the OR Assessment overestimate the availability of the WTP facilities. As
such, it has been determined by the Oversight Team that the OR Assessment results do not
support the WTP Contract waste treatment requirements or target WTP facility availabilities
specified in the Basis of Design. Major areas requiring development in the OR assessment
are:

e Use of nameplate design capacities for process and mechanical systems and clarification
of inputs.

e Use of a representative waste feed(s) and waste feed treatment process (e.g. washing,
caustic leaching and oxidative leaching of the HLW waste sludge).

e Completion of the OR Model to incorporate systems that impact overall facility
availability (e.g. Glass Former Make-up Facility and facility structures such as shield
doors and hatches)

e Incorporation of human factors into MTTR estimates (e.g. discovery of the failure,
inefficiencies in human effectiveness).

¢ Incorporation of anticipated process upsets into plant availability.

* Reporting of the confidence level of the facility availability results.

e Reporting results such that the capacities of the major facilities are clearly presented.

BNI has developed an effective process for reconciliation and incorporation of R&T
information into the process models (e.g. OR, TUA, Steady State Flowsheet). However
based upon current plans, a two-year backlog for the incorporation of R&T information into
the process models exists. This situation places the final design of the WTP at risk due to
potential design changes which have not been identified.

The TUA Extended Model Run does not support the completion of the WTP processing
mission consistent with the “2+2” melter proposal (CCN: 039390, TN-24590-02-00706).
This is partially due to the assumptions on HLW glass loading and the design capacity of the

-
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UFP System. The use of these assumptions also prevents an assessment of the treatment
capacity of the WTP system. The ORP requested G2 Model Run (ORP Letter, 05-WED-
032) should produce additional information that can be used to assess the design capability of
the WTP.

The Oversight Team has made the following recommendations based upon the results of this
Oversight. Additional Open Items are summarized in Section 5 for BNT action and completion.

1. BNI should use the process models in the WTP design process and use the process models to
demonstrate WTP waste treatment capacity as required by the WTP Contract. BNI should
provide a plan for completion of these activities.

2. The selection of process model assumptions should be strategically performed such that all
models are accurately representing WTP design and can be used together to support
conclusions regarding capacity, availability, and demonstrate performance against WTP
Contract Facility Specification requirements.

3. The assumed waste feeds to be used in the process models should cover the spectrum of
waste planned for delivery to WTP over the mission of treating waste contained in all
Hanford tanks. The Hanford tank waste compositions have been bounded in the Contract in
Specifications 7 and 8 in Envelopes A, B, C, and D.

4. Process modeling to demonstrate WTP treatment capacity and confirm the design should be
performed on a priority basis to minimize potential impacts to ongoing WTP design and
construction. Results should be used to facilitate changes to design and/or process
flowsheets as necessary to achieve Contract Facility Specification requirements.

5. Obtain ORP concurrence with all key assumptions and methodology used in process
modeling that is formally delivered to ORP to demonstrate WTP facility treatment capacity.

- iii -
Official Use Only
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1.0 Introduction

The U.S. Department of Energy, Office of River Protection (ORP) will design, construct,
commission, and operate a Waste Treatment and Immobilization Plant (WTP) to treat and
immobilize waste contained in 149 single-shell tanks and 28 double-shell tanks (DSTs) at
Hanford. These tanks contain approximately 54 Mgal waste with 190 MCi of radioactivity. The
WTP will receive waste in batches from the DSTs through transfer pipelines. This waste will be
concentrated in an evaporator; strontium and transuranic will be precipitated from select waste
streams; solids will be water washed, caustic leached, oxidative leached, and separated from the
soluble fraction in an ultrafilter system; and cesium will be removed from the soluble fraction
with an ion exchange system. The radionuclide enriched solids and cesium ion exchange eluant
will be combined and immobilized in High Level Waste (HLW) glass. The Low-Activity Waste
(LAW) supernatant will be further concentrated and immobilized in LAW glass or immobilized
in an alternative waste form currently being studied.

The WTP Contract requires Bechtel National, Inc. (BNI) to develop and use analytical design
models to support the design of the WTP process and facility system. Specific models specified
in the Contract include:

e Operation Research (OR) to assure appropriate reliability, availability, maintainability, and
inspectability.

e Tank Utilization (TUA) to: 1) assess utilization of process tank capacity, supporting
equipment capability, and operational characteristics; 2) ensure that the tanks are
appropriately sized to support process operations, sampling and analysis turnaround times,
process control requirements, and waste form qualification needs.

e Material Balance and Process Flowsheet to conduct and document process and flowsheet
material balance analyses for the treatment of Contract tank waste envelopes.

The WTP Contract Facility Specification requires the WTP treatment capacity to be
demonstrated using process modeling during the design process. BNI’s “Design Process Plan
and Description” (24590-WTP-PL-ENG-01-004) stated that the design would be confirmed
through the Steady State Flowsheet (ACM), Tank Utilization model (G2), and Operations
Research model (Witness).

BNI documented their WTP OR, TUA, and Steady State Flowsheet Assessments in the
following reports:

e  24590-WTP-RPT-PO-05-009, “2005 WTP Material Balance and Process Flowsheet
Assessment,” dated November 10, 2005.

e 24590-WTP-RPT-PQ-05-008, Rev 0, “2005 WTP Tank Utilization Assessment,” dated
August 8, 2005.

e 24590-WTP-RPT-PQ-05-001, Rev 0, “2005 WTP Operations Research Assessment,” dated
August 29, 20035.

This Design Oversight Report documents the ORP WTP Engineering Division (WED)
evaluation of the BNI WTP OR, TUA, and Steady State Flowsheet Assessments. ORP’s Design

Page 1 of 105
Official Use Only
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Product Oversight Plan for is provided in Appendix E.
The results of this Oversight were reviewed with BNI staff on January 17, 2005.

No new safety issues were identified as a result of this Oversight.

Page 2 of 105
Official Use Only
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2.0 Evaluation of WTP Operations Research, Tank Utilization, and Steady State
Flowsheet Assessments

Sections 2.1 through 2.3 of this report summarize design oversight conclusions for each of the
WTP OR, TUA, and Steady State Flowsheet Assessments. Section 2.4 provides an assessment
of BNI use of process models in the WTP design process. Section 2.5 provides an assessment of
the topics common to all three deliverables. Section 2.6 provides an assessment of the plant
capability demonstrated by the process models. Section 2.7 provides recommendations for
future WTP model work. Specific observations for each line-of-inquiry are documented in
Appendix A, B, and C for the OR, TUA, and Steady State Flowsheet Assessments respectively.
Questions posed by the Oversight Team of BNI, as part of this Oversight, are documented in
Appendix D along with BNI responses.

2.1 Primary Conclusions from the Operations Research Assessment

The purpose of the OR Model Assessments was to independently determine if the target
availabilities for the WTP facilities as specified in the WTP Basis of Design are achieved. These
target availabilities for the Pretreatment, LAW Vitrification and HLW Vitrification facilities are
0.80, 0.70 and 0.70 respectively. The OR Model was used to estimate the treatment rate that is
expected over a 12 year period. The availability is determined by comparison of the treatment
rate projected with no RAM (reliability-availability-maintainability) failures to an estimate with
RAM failures applied.

The OR Model is a stochastic calculation that uses statistical distributions for the principle
variables used in the calculation; Mean Time Before Failure (MTBF) and Mean Time to Repair
(MTTR). The negative exponential distribution is used to specify the range of values for the
MTBF. The OR Model sets default values for this distribution. The Erlang Distribution is used
for the MTTR. The K value for this distribution is set at 2 resulting in a log normal distribution.
The output from the OR model run is a single value representing the treatment rate (e.g. cans of

ILAW, cans of IHLW, units of Na and MTG equivalent for IHLW). In discussion with BNI it
was indicated that the OR model run did not provide a treatment rate distribution. Thus, it is
believed that the values reports are the mean values.

The OR Assessment Report (24590-WTP-RPT-PO-05-001) includes 8 scenarios that are
specified with unique objectives. Three of the Scenarios are modeled to assess the availability of
the Pretreatment, HLW Vitrifcation and LAW Vitrification facilities respectively. These results
can be compared to the Baseline Scenario 4 (e.g. no RAM applied) to provide an indication of
the facility availability and are presented below. (Note: The OR Assessment compared Scenario
5 and Scenario 8 to estimate the Pretreatment availability which is not valid because the valve
lifetime extension assumed for Scenario 8 has not been validated.)

e Pretreatment Facility-Scenario 5, (24590-WTP-MRQ-P0O-05-0025). When comparing
Scenario 4 and Scenario 5, the LAW Pretreatment availability is estimated to be 90%, and
the HLW availability is estimated to be 80%. However the LAW availability is based upon
providing feed to the LAW Vitrification facility. Thus, the determination of the ability of the

Page 3 of 105
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Pretreatment facility to support 2950 units LAW (or 3400 units LAW) cannot be made. The
HL W availability at 80% just meets the Basis of Design (24590-WTP-DB-ENG-01-001, Rev
1C) requirement.

e HLW Vitrification Facility-Scenario 6, 24590-WTP-MRQ-PO-05-0026. When comparing
Scenario 4 and Scenario 6, the HLW Vitrification availability is estimated to be 83% which
meets the Basis of Design requirement of 70%.

e LAW Vitrifcation Facility-Scenario 7, 24590-WTP-MRQ-PO-05-0027. When comparing
Scenario 4 and Scenario 7, the LAW Vitrification availability is estimated to be 72% which
meets the Basis of Design requirement of 70%.

Scenario 2 provides the best overall assessment of the WTP plant availability. The model
assessment was completed with all WTP Plant and LAB RAM applied and assumes 15% rework
of the analytical samples. 10 replication runs were completed based upon these assumptions.
The results are summarized in Table 2.1 below and show that the integrated Pretreatment, LAW
Vitrification and HLW Vitrification facility analysis results. Based upon this assessment the
LAW system (which includes LAW Pretreatment and LAW Vitrification) has an average
availability of 0.62 assuming the ILAW container holds 5.6 MTG and 0.69 assuming the [LAW
container holds 6 MTG. The HLW system (which includes HLW Pretreatment and HLW
Vitrification) has an average availability of 0.69.

Table 2.1 Summary of Production Quantities from Scenario 2, 24590-WTP-MRR-PO-05-

009
Replication ILAW, Total THL'W, Total ILAW, THLW,
Containers Containers containers/day | containers/day
1 14394 5851 3.42 1.39
2 13547 5461 3.22 1.30
3 13321 5495 3.16 1.30
4 14472 5875 3.43 1.39
5 13775 5706 3.27 1.35
6 13593 5747 3.23 1.36
7 14051 5736 3.33 1.36
8 14736 6189 3.50 1.47
9 13986 5839 332 1.39
10 14444 5880 343 1.40
Average 14032 5778 3.33 1.37
Plant Availability at Average Production (.62 (0.69) 0.69
Average Production 18.6 MTG/d 500
Canisters/year
Notes:

The ILAW container is assumed to contain 5.6 MTG per the BARD resulting in an average
availability of 0.62. If the ILAW container contains 6 MTG then the average availability is 0.69.

However, the OR Assessment is not complete in terms of the scope analyzed. Thus the estimates
of availability are overstated. Table 2.2 summarizes some of areas of scope (factors) not

Page 4 of 105
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addressed in the current OR Assessment and provides estimates based upon the Oversight Team
judgment of the impact on availability. The factors include:

¢ The confidence level for reporting the availability of the WTP facilities. The OR Assessment
results are presented as a mean value and in terms of statistical confidence represent a 50%
confidence level. Meaning that there is a 50% chance the value will be above the value citied
and a 50% chance the value will be below the value cited. The 10 results in Table 2.1 are
normally distributed, and can be used to estimate the standard deviation and 90% confidence
level (e.g. values 2 standard deviations below the mean).

s The availability of the Glass Former Facility is not considered in the OR Assessment. The
procurement specification requires an availability of 90%. It is assumed the impact to overall
system availability is 5% or 0.95.

¢ The waste treatment flowsheet in the OR Assessment does not incorporate caustic leaching
and/or oxidative leaching into the sludge treatment flowsheet which will impact the through
put of the Pretreatment facility due to the longer time to process the HLW. It is assumed the
impact to production is 5% or 0.95.

s The MTTR estimates do not provide a time duration for discovery of the failure or needed
setup to prepare for the repair (such as emptying a vessel prior to changing a valve). Itis
assumed the discovery time has a 1% or 0.99 impact on production capacity.

e The OR Assessment does not account for lost capacity due to process upsets, line pluggage
or rework. It is assumed the process upsets has a 2% or (.98 impact on production capacity.

When reviewed in isolation each of these omissions in the OR Assessment appear to have a
small impact. However, when considered together, these omissions can have a significant
impact on WTP availability. Considering these assumptions, the HLW system availability drops
10 0.56 or 408 canisters/year, below the requirement in the WTP Contract and the Basis of
Design. The LAW System Availability cannot be completely evaluated because the data
reported in the OR Model runs is not complete.

Table 2.2 Potential Impact of LAW and HLW System Availability from Successive
Addition of Availability Assumptions (Illustrative Case Only)

LAW HLW
System System
Assumptions Value Availability | Availability
Starting Value from Table A.1 NA 0.62 0.69
Reporting of Confidence Level at 95% based upon | 2 standard 0.58 0.64
total “Plant” only. deviations
Incorporation of Glass Former Facility Availability 0.95 0.55 0.61
Incorporation of Caustic Leach into Envelope A/D 0.95 0.52 0.58
Flowsheet
Discovery Time associated with MTTR Estimates 0.99 0.52 0.57
Incorporations of process upsets and rework into 0.98 0.51 0.56
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Table 2.2 Potential Impact of LAW and HLW System Availability from Successive
Addition of Availability Assumptions (Illustrative Case Only)

LAW HLW
System System
Assumptions Value Availability | Availability
operations
Average Production After Adjustments NA 408
Canisters
lyear

Examples of other technical areas not included in the OR Assessments are:

e Repair of instrumentation to support process control and Important to Safety instrumentation
operations,
MTTR for combined piping and electrical jumper repair,
Design changes resuliing from vendor supplied equipment, and

e Changes to the design and operational performance of the equipment based upon
reconciliation of the R&T data.

Results from the OR Assessments determined that the usage of the Pretreatment (PIH) crane and
the lifetime for the hot cell valves were significant factors impacting the availability of the
Pretreatment facility. BNI is currently investigating design and operational approaches to
improve availability of the Pretreatment facility, these include:

e Assessment of the usage of the PIH crane to determine how best to maximize its usage. This
assessment is starting with determination of the percentage time the crane is used for: self
maintenance, replacement of critical equipment components, replacement of non critical
components, waste/equipment size reduction and transportation of waste in the hot cell.

e In addition, a sensitivity case was completed (Scenario 8, 24590-WTP-MQR-PO-05-015)
that modified the assumptions used for the MTBF for the hot cell valves based upon
predicted dose rates. The MTBF for valves in low-radiation areas (<500 Rad/hr) was
increased from 3.3 to 10 years and the MTBF for valves in high radiation areas (>500
Rad/hr) was extended from 3.3 to 5 years. The shorter life-time estimates are consistent with
historical data collected at the Savannah River Site (WSRC-TR-93-262 Rev 1.0). The results
of this sensitivity assessment showed an approximate 33% increase (1.37/1.83 IHLW
canisters/day) in availability from the baseline results presented in Table 2.1. BNI is testing
and evaluating prototypic valves to validate these proposed design life assumptions in a
testing program that involves radiation exposure to 10® Rad followed by shake testing and
valve operations testing. Following the completion of this testing, the baseline values for
valve lifetime may be modified. Until testing is completed, validated and the data
appropriately evaluated the modified valve lifetime estimated should not be used for design
confirmation.

The mean-time-between-failure (MTBF) data for components used in the OR Assessment was
obtained from numerous sources, including actual failure rate data for components obtained from
review of failure events and sources that estimate failure rates (WSRC-TR-93-262). BNI has
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augmented the literature information for component MTBF data through structured expert
opinion workshops. The component MTBF data provided in WSRC-TR-93-262, Rev. 1 is
identified in three categories defined as:

o Category 1- Sources with actual failure data obtained from a detailed review of failure events
(to ensure applicability to the failure mode being considered) and a detailed review of
component populations and exposure duration’s {or demands). Such data include the plant-
specific component failure data collected for probabilistic risk assessments (PRAs) or
reliability studies. The NUCLARRI database has 19 Category 1 sources, all from nuclear
power plants. For this project, the Savannah River Site (SRS) reactor data were added.

s Category 2- Sources with actual failure data but which have an added uncertainty in the data
compared with Category 1 sources. This added uncertainty can result from a less
comprehensive search for actual failures, a more approximate method for determining
component populations or exposure duration’s (or demands), or a less clear breakdown of
failures into the failure modes of concern.

o Category 3- Sources that list only failure rate estimates. Six representative sources were used
in this project.

For valves used in chemical processing service similar to the WTP, the MTBF data from WSRC-
TR-93-262 are provided in Table 2.3, WSRC-TR-93-262, lists only category 3 source data and
the recommended MTBF data is actually based on water service valves due to the more
extensive data available (see WSRC-TR-93-262, Rev. 1, pages 204 — 211). Therefore, the
MTBF duration possibly could be shorter for valves used in the PT facility due to chemical
service and radiation exposure.

BNI has assumed in the OR Assessments  “In determining the PT facility availability, a valve
replacement strategy was applied and based on dose mapping, the MTBF of plug valve and
actuator seals was extended to around 5 years for valves in the high radiation areas, and 10 ycars
for valves in the low radiation areas in the hot cells” (24590-WTP-RPT-PO-05-001, page 8}.
This assumption is not consistent with the reference MTBF data for valves cited in WSRC-TR-
93-262 and may bias high the PT facility availability.

Open Item 1: BNI has assumed the MTBF data for Pretreatment valves that may bias
high the Pretreatment facility availability. BNI should review the OR assumed MTBF
data for PT facility valves based on available industry data. BNI should apply an
appropriate distribution reflective of the uncertainty in the valve MIBF data when
conducting OR assessments.

Table 2.3 Chemical Service Valves Mean Time Between Failure Data "

Chemical Process Valve Mean Failure Rate | Mean Failure Rate
(1/day) (vear)
Manual Valve fails to open / close 3.00E-04 9.1
Check Valve fails to open / close 5.00E-05 54.8
Motor Operated Valve fails to open / 3.00E-03 0.9
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Table 2.3 Chemical Service Valves Mean Time Between Failure Data ®

Chemical Process Valve Mean Failure Rate | Mean Failure Rate
(1/day) (year)
close
Air Operated Valve fails to open / close 1.00E-03 2.7
Solenoid Operated Valve fails to open / 1.00E-03 27
close

) WSRC-TR-93-262, revision 1, page 21

The dose rate cut off of 500 Rad/hr for the low and high dose rates combined with the selection
of valves for low and high dose rates used in the Scenario 8 MTBF assumptions is not readily
traceable to selections made in the Scenario 8 model run. In addition other factors such as valve
service duty (e.g. cycles of opening and closing), valve type, fluid type (e.g. low solids versus
high solids) and vibration may impact the anticipated valve life. Assuming that the valve
lifetime values are to be adjusted compared to the historical data collected at the Savannah River
Site (WSRC-TR-93-262 Rev 1), then BNI should provide a comprehensive basis for
modification of the MTBF values.

Open Item 2: BNI is proposing to modify the MTBF for the Pretreatment valves based
upon testing and engineering assessments. BNI should provide a comprehensive and
complete basis for the modification of MTBF for Pretreatment hot cell valves based upon
dose rate, valve service duty, fluid type and operating environment compared to the
historical data collected at the Savannah River Site (WSRC-TR-93-262 Rev 1).

Based upon the resulis of the “Baseline Run” (Scenario 2, 24590-WTP-MRR-PO-05-009) the

WTP facility complex does not support the availability requirements identified in the Basis of

Design. However, it appears BNI is completing the appropriate analysis to identify design and

operational changes to support establishment of a fully compliant WTP design. These actions

include:

e Completion of the ORP Model and scenario analyses to include significant design and
operational features not currently modeled or evaluated.

e Further examination of the PIH crane to determine how it is being used, and identification of
potential operational features to improve utilization of the crane.

+ Potential modification of the MTBF values for Pretreatment facility hot cell valves.

Because of the significant uncertainties associated with the ability of the WTP facilities to meet
the Basis of Design availability requirements (and WTP contract waste treatment requirements),
the ORP is requesting informal reviews of interim model runs.

Open Item 3: The OR Model requires further development and use to determine if the
WTP design supports WITP Coniract and Basis of Design requirements. BNI should
complete additional analysis using a more completely developed OR Model and
appropriate operational scenarios to determine if the WIP design supports the WTP
Contract and Basis of Design requirements. These results should be presented to ORP
for review as they are completed to ensure that the design solution is adequately
Progressing.
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The Results from the OR Model scenario runs are presented in Appendix A of each model
report. These results are typically presented in a table that identified the replication number,
total number of LAW and HLW containers and daily production of LAW and HLW. The results
for LAW are only presented in terms of the LAW immobilized in WTP and do not include the
entire volume of LAW treated. Thus it is not possible to determine if the total LAW treatment
rate requirements are being met. BNI should revise the format of the OR Model output to
provide a clear demonstration of the capability of the Pretreatment, LAW and HLW facilities, in
terms of the amount of material processed and immobilized.

Open Item 4: The OR Model output does not allow an assessment of the capability of the
Pretreatment facility. BNI should revise the OR Model output requirements to clearly
show the Pretreatment, LAW Vitrification and HLW Vitrification facility production
quantities and availabilities. Where applicable the ireatment capacities should be
expressed in terms used in the WTP Contract and Basis of Design.

BNI has estimated the availability of each of the major WTP facilities: Pretreatment, LAW
Vitrification and HLW Vitrification in the OR Assessments. Target values for the availability
for each facility have been established by BNI in the Basis of Design. These facility specific OR
Assessments are important to evaluate BND’s facility specific design. However, these
assessments do not necessarily support the requirements for the treatment rates as specified in the
WTP contract. This is clearly illustrated when comparing the results of Scenario 2, a “Plant”
assessment with RAM applied to the individual results for the three major facilities (Scenario 5,
6 and 7). It is only the “Plant” assessments that are relevant in terms of validating that the WTP
contract requirements are met. Because of this and the presentation in the OR Assessment it
appears that the availability requirements established by BNI in the Basis of Design may not
support the WTP Contract waste treatment rates.

Open Item 5: The Basis of Design facility specific availabilities may not support the
WTP Contract waste treatment requirements for IHLW and ILAW. BNI should update
the Basis of Design to ensure that the relationship between the target plant availabilities
and the WTP Contract treatment requirements are clearly presented.

The OR Assessment identifies an equipment list used as a basis for the OR assessments in
Appendix B. However a spare parts inventory is not established or recommended. (“The OR
flowsheet reliability data have been used as a basis 10 establish an equipment list that will be
used to develop a spare parts inventory.”) Section 2.10, page 13 of 24590-WTP-RPT-PO-05-
001)

Open Item 6: A spare parts inventory for the WTP was not established based upon the
OR Assessment results. A spare parts inventory should be included in the next formal
submission of the OR Assessment Report to ORP.

The OR Assessment has made no specific recommendations to improve the reliability or
throughput of the WTP facilities. The OR Assessment concludes that the PTH crane is heavily
utilized and indicates that further assessments are required. In addition the assessment results
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indicate that the lifetime of the remote valves in the Pretreatment facility will sigmficantly
impact the availability of this facility due to the large number of valves. Thus further evaluation
of valve lifetime (e.g. MTBF) is planned.

2.2 Primary Conclusions from the Tank Utilization Assessment

The scope of the TUA Model was established to support the requirements of the WTP Contract.
This involves a determination of the adequacy of the process vessel/equipment capacity
considering: anticipated process operations, process sampling, process control and waste form
qualification compliance strategies. The TUA has also been configured to assess the impact of
specific tank waste compositions on the process flowsheet to estimate time dependent volumetric
throughputs and quantities of ILAW and IHLW. All requirements associated with the technical
scope of the TUA Model as defined by the WTP Contact were met. These requirements will
need to be reassessed as WTP process flowsheet design matures and is finalized. This
assessment does not include use of the model results to confirm the design as discussed below.

BNI has proposed recent equipment capacity design and process flowsheet changes to resolve
design capacity issues associated with the Ultrafiltration Process (CCN: 106650). The process
flowsheet changes including Al solubility correlation and feed forward of process streams have
been incorporated into the TUA Model. However, the proposed design changes, most notably
the UFP filter surface area size have not been incorporated into the TUA Model. Thus, a
confirmatory run to assess the adequacy of the WTP design has not been completed.

The TUA modeled five cases consisting of:

e AP-101/AY-102 commissioning feed,

e TPA milestone M-062-00A completion,

e TPA milestone M-062-00A completion with unlimited HLW melter feed storage,

e RPP Mission completion run with alkaline leaching, and

¢ RPP Mission completion run with alkaline leaching and sequential oxidative leaching.

All TUA cases assume 100% availability of WTP systems and components.

The Oversight Team evaluated the results of each TUA case to determine the waste stream
production rates. Table 2.4 summarizes the waste stream production rates for each of the TUA
cases. None of the TUA cases demonstrate the capability of the WTP to meet nameplate waste
treatment capacities for HLW Vitrification (6 MT/day), LAW Vitrification (30 MT/day) and
LAW Pretreatment (3,400 Na waste units per year).

The Tank Farm feed vector provided to BNI used water wash factors from the Tank Waste
Information Network System (TWINS) database, which over estimated the solubility of
transuranic elements (e.g. **'Am and >¥pu) compared to wash factors measured experimentally.
For example, the TWINS database reports a 241 Am water wash factor of 0.028 for tank 241-AZ-
101. The experimentally determined 241 Am water wash factor is 0 for tank 241-AZ-101
(PNWD-3206). The use of the TWINS transuranic water wash factors results in the Tank
Utilization model predicting several batches of ILAW will exceed the 100nCi/gram transuranic
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concentration limit, as shown in Figure 3-14 of 24590-WPT-RPT-PO-05-008, Rev. 0.

Open Item 1 (CH2M Hill Hanford Inc.): The water wash factors in the TWINS predict
higher transuranic element solubility when compared to experimentally measured wash
factors. If uncorrected, several ILAW glass batches will be incorrectly predicted to
exceed the 100nCi/gram transuranic concentration limit. The Tank Farm Contractor
should implement improvements to the water wash factors for transuranic elements or
develop another method to estimate the solubility of transuranic elements in the waste.

The mission runs {Case 4 and Case 5) for the TUA was completed to support an assessment of
the benefits of oxidative leaching in reducing the number of HLW glass canisters produced.
Oxidative leaching treatment of the HL'W sludge is one strategy to reduce the HLW canister
production requirement. These results showed that the IHLW canister production requirements
without and with oxidative leaching is ~35,000 and ~23,000 canisters respectively. Based upon
average HLW vitrification capacity of 480 canisters/year, this corresponds to 73 to 48 years of
production operations. The December 2005 Tank Farm Contractor Development Run estimated
canister production at 11,100 canisters corresponding to 23 years of operation,

The primary reasons for the TUA not showing that the HLW production can be completed in 17
years include:

e HLW glass waste loading assumptions, based upon the minimum requirements from the
WTP contract, which project lower waste incorporation rates.

e Use of outdated wash and leach factors, primarily for sulfate, which leads to higher
concentrations of sulfate in the washed sludge, thereby increasing waste loading.

e Uncompleted ultrafiltration system design improvements which slow the treatment rate of the
Pretreatment facility.

Because of the use of these major assumptions, the capability of the WTP facilities to meet
ORP’s strategic goals cannot be evaluated. 1t is also possible that the WTP design has other

issues which have not been identified. These issues will be evaluated in an ORP requested TUA
assessment (05-WED-032) to be completed by BNIL

BNI has not finished development of the design approach for hydrogen mitigation. Therefore,
the TUA model does not include elements of the hydrogen mitigation strategy. Conclusions
about tank utilization and capacity can not be reached until the additional flush volume and
frequencies are assessed in the TUA model.

Assuming the hydrogen mitigation strategy for pipes and ancillary vessels results in increases in
flush volumes, the plant wash vessel (PWD-VSL-00044) would be used to collect additional
flush volume before processing in the feed evaporator process (FEP) system. BNI has assessed
the utilization of the plant wash vessel PWD-VSL-00044 during sequential alkaline and
oxidative leaching run conditions for the mission duration (24590-WTP-MRR-PO-05-006,
scenario 4.0.8a). The batch volume of waste solution in plant wash vessel PWD-VSL-00044
varies from minimum heel to a maximum of ~65,300-gallons (March 10, 2023}, which is ~94%
of the maximum batch volume (69,166-gallons) allowable in this vessel. The batch volume of
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waste solution in plant wash vessel PWD-VSL-00044 is frequently in excess of 80% of the
maximum batch volume (Refer to Appendix B, Figure B.1).

The additional flush volumes generated from the hydrogen mitigation strategy must either not
result in exceeding the maximum batch volume in PWD-VSL-00044 or more frequent transters
of waste solutions to the FEP system must occur.

Open Item 7: The TUA does not consider impacts from hydrogen mitigation control
strategies. BNI should assess the impacts on tank utilization from increased flush
volumes resulting from implementation of the hydrogen mitigation strategy for pipes and
ancillary vessels as part of the establishment of the HPAV mitigation strategy.

The TUA report does not provide material balances or process volume balances for key waste
streams nor was this information located by the Oversight Team in the model run reports
accompanying the TUA report. These are necessary to ensure that the results from the TUA are
valid.

Open Item 8: The TUA does not include key material balance information. BNI should
include in future TUA reports material balance information for key streams to
demonstrate model closure. Material balance information should include sufficient
information to demonstrate model closure for water and key components such as solids,
sodium, V7 Cs, °Sy, transuranic elements, ‘I, T, aluminum, chromium, iron, sulfate,
and nitrate.
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23 Primary Conclusions from the Steady State Flowsheet (Mass Balance) Assessment

The Steady State Flowsheet Assessment Model has been more completely developed and can
predict anticipated production performance for the WTP. BNI has included the capability to
predict precipitation reactions in the Steady State Flowsheet for three waste feed compositions.
The mode! can be used to confirm the WTP design, support equipment design, and support
process flowsheet decisions. The model can also be used as a basis to modify and confirm the
primary design tools, the WEBPPS Engincering Mass Balance and the Process and Mechanical
System Component Calculations to ensure that the WTP design is adequate. Further
development of the Steady State Flowsheet to better represent analytes present in waste and
assessment of additional waste feed compositions will substantively improve the understanding
of WTP operations.

All three feeds analyzed in the Steady State Flowsheet assessment failed to achieve WTP
Contract nameplate production capacities. It is not expected that all feeds to WTP can be
processed at nameplate capacity; however, the rationale for why a feed cannot be processed at
nameplate is important to understand WTP process capability and design adequacy. The
rationale for not achieving the nameplate capacity included:

s Mismatches in the balance of LAW and HLW in feed processed.
¢ Sodium oxalate precipitation in the recycle of ultrafiltration process wash solutions reducing
the size of HLW solids batches that could be process through the ultrafiltration system.

Precipitation reactions were identified in the following process locations:

Sodium oxalate in the wash stream recycles to ultrafiltration.
Sodium carbonate in the treated LAW solids.

Solids in feed stream to cesium ion exchange.

Solids formed in treated LAW from ion exchange.

Solids formed in evaporator condensate.

These precipitation reactions have potential to reduce WTP facility processing capability, create
safety issues that were not foreseen in accident analysis, and foul cesium ion-exchange resin
columns. These reactions are currently not factored into the WEBPPS or calculations used to
underpin WTP design.

The Tank Farm Contractor is working to include enhancements to the HTWOS model to develop
balanced feed vectors and improve WTP operability and throughput. Additionally, Tank Farm
Contractor blending studies are underway that should improve operability and throughput.

The WTP Flowsheet Basis, Assumptions, and Requirements (24590-WTP-RPT-PT-02-005)
specifies reduced ion exchange processing rates for AZ-101 supernatant. Recent changes to the
hydrogen generation rate source term will require AZ-101 solids to be blended. This blending
will result in commingling or blending of the AZ-101 supernatant with other waste. BNI should
define criteria for blending the AZ-101 supernatant to allow processing at higher rates.
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CH2MHILL plans for managing the AZ-101 supernatant should consider these criteria.

Open Item 9: The BARD specified reduced ion exchange processing rates while treating
AZ-101 and AZ-102 waste supernatants. BNI should incorporate composition based
criteria for determination if a batch of tank waste will require a reduced ion exchange
processing rate into the TUA and Steady State Mass Balance model.

The caustic leaching process modeled in the flowsheet was not effective in removing solid
aluminum from the HLW solids. Figure 3-1 of the Steady State Flowsheet shows that HLW
solids delivered to WTP include 5.20 kg Al per hour. The Figure 3-1 also shows concentrated
solids sent to HLW vitrification include 6.03 kg Al per hour. The overall solids pretreatment
process is precipitating soluble aluminum into HLW solids resulting in increased production of
[HLW. The process does not meet the Contract Specification 12 performance standard for
caustic leaching,.

The caustic leaching flowsheet included in the Steady State Flowsheet Assessment 1s not
consistent with the flowsheet included in the TUA. Changes were made to the TUA flowsheet
that predict and add increased levels of caustic to improve Al solubility. Similar changes, if
implemented in the Steady State Flowsheet Assessment may improve caustic leaching
performance. Little progress has been made over the past two years by BNI in developing and
assessing an effective caustic leaching process with the Steady State Flowsheet. If uncorrected,
the BNI flowsheet will result in unacceptable HLW solids pretreatment and unreasonably
increase the quantity of HLW glass produced over the mission and extend mission duration.

Open Item_10: BNI'’s Steady State Flowsheet shows that the caustic leaching process is
ineffective in removing aluminum from tank waste solids sent to HLW vitrification. If
uncorrected the flowsheet will result in unacceptable flowsheet performance. BNI should
implement improvements to the process flowsheet to effectively leach aluminum.

The Steady State Flowsheet model does include prediction of some precipitation reactions,
which is an improvement over previous versions of this model. However, the model does not
track all solid compounds known to be present in the feeds analyzed. For example, the Tank
Farm contractor has conducted mixing tests with tank AP-101 supernate and tank AY-102 solids
with supernate (see letter 7S110-RWW-04-029, 241-4P-101 / 241-AY-102 Mixing Study Report).
These tests indicate dawsonite (NaAlICO:(OH);) is present in the AY-102 solids and may
dissolve when mixed with AP-101 supernate. Additional studies conducted by the Tank Farm
Contractor with tank AY-102 solids have resulted in the identification of several solids phases,
including dawsonite (NaAlCO3;(OH),) and cancrinite (NagCa) sAlsSis024(CO3)16) (see letter
78110-DLH-03-007, Caustic Demand Test Results, Tank 241-AY-102 Sludge). Similar studies
with AZ-102 solids have also tentatively identified the presence of dawsonite in this waste as
well (see letter CH2M-0205411.1, Caustic Demand Test Results, Tank 241 -AZ-102 Sludge).

Dawsonite and cancrinite solid phases are not tracked in the Steady State Flowsheet model, as
indicated by their absence from Table 3-1 on page 35 and Table A-5 on page A-5 of the WTP
Material Balance and Process Flowsheet Assessment report. Discussions with BNI personnel on
December 14, 2005 confirmed the ACM Steady State Flowsheet model does not include these
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solid phases.

Open ltem 11: The absence of mineral phases found in tank waste samples from the
ACM Steady State Flowsheet model indicates the BNI assessment may not represent
expected solids formation during waste processing in the WIP. It is recommended BNI
continue to improve the ACM Steady State Flowsheet model by incorporating available
Tank Farm contractor information on solids present in tank wastes.

BNI has identified potential solutions to precipitation issues listed in Table C-3, Appendix C.
BNI is still evaluating the identified precipitation issues to determine appropriate implementation
of resolutions. BNI has identified precipitation issues and proposed solutions relating to the FEP
and UFP systems, but has not implemented proposed solutions.

Precipitation of 5.8% solids in the LAW treated concentrate vessel (TCP-VSL-00001) was
identified in the AP-101/AY-102 Steady State Flowsheet Assessment. BNI stated this result is
inconsistent with observations in the Semi-Integrated Pilot Plant (SIPP). BNI stated further work
is required to reconcile flowsheet data with SIPP results, assess mixing capability, and assess
vessel design criteria including erosion allowances.

The Oversight Team identified the following additional precipitation issues:

¢ Sodium oxalate management resolution will increase HLW glass mass - BNI has

proposed the following resolution to the recycle and precipitation of sodium oxalate during
the processing of SY-102: “The run results reported for SY-102 are for the baseline process
as described in the BARD. No attempt has been made to optimize the caustic and oxidative
leach processes. It is noted in the AZ-101 evaluation that a scoping run was made using the
UFP rigorous model to determine the affect of reducing the wash volume after caustic
leaching on sodium oxalate dissolution. By reducing the wash volume to less than .
concentrate volume, essentially all the sodium oxalate could be prevented from dissolving.”

The SY-102 glass formulation is already at 88% of the total alkali limit (page 36, Table 3-2)
and boric acid (a glass former not planned for use in the WTP) must be added during HL'W
Vitrification to avoid increasing the glass mass (top of page 33). Reducing the UFP wash
volume to prevent sodium oxalate from dissolving will increase the mass of sodium in the
UFP concentrated solids and would increase the mass of HLW glass produced from
processing SY-102, BNI should assess sending the UFP wash solution forward to the CXP
system to avoid sodium oxalate re-precipitation and addition to the UFP concentrated solids.

¢ Solids blockage of Cs ion exchange column - The waste solutions recycled to the ion
exchange system (stream CXP09) are predicted to contain solids; 0.115 kg/hr for AZ-101
(page C-8), 0.128 kg/hr for AY-101/AP-101 (page C-20), and 0.14 kg/hr for SY-102 (page
C-32). The UFP permeate from processing SY-102 is also predicted to contain 0.0482 kg/hr
(18.8-ppm) solids (stream UFP33, page C-32). These solids will accumulate in the lead ion
exchange column, cause blockage during LAW solution processing, and interruption of
waste treatment processing. BNT should assess sending stream CXP09 forward to the TLP
system to avoid solids blockage in the cesium ion exchange column.
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Solids formation in treated LAW solution from Cs ion exchange column — The ACM
mode] predicts an increase in the mass flow rate (kg/hr) of solids in the pretreated LAW
solution exiting the ion exchange columns (stream CXP08) relative to the CXP feed solution
(stream CXPO1) for AZ-101 and SY-102 wastes. This may be due to precipitation of solids
in the cesium ion exchange column or an artifact of the ACM model architecture (e.g.
column regeneration solutions blended with pretreated LAW solution post ion exchange
column). Precipitation of solids in the cesium ion exchange columns would lead to blockage
and interruption of waste treatment processing. BNI should investigate the cause for solids
formation in stream CXP08).

Solids in Feed Evaporator condensate - During processing of SY-102 waste, the ACM
model predicts the solids content of stream RLDO1 is 366-ppm (0.96 kg solids / hour +
2.62E+03 kg total mass / hour). The main source of these solids is stream FEP12,
condensate from the feed evaporator process system, which contains 2.51 kg of solids / hour.
Process condensate from the feed evaporator should not contain solids. BNI should
investigate the cause for solids formation in steam FEP12.

Open Item 12: The Steady State Flowsheet identified precipitation reaciions that require
further assessment and potentially flowsheet and design changes. BNI should assess
sodium oxalate management, solids blockage of Cs ion exchange columns, solids from

treated LAW from Cs ion exchange, solids in feed evaporator condensate, and solids in
TCP-VSL-00001.

The Steady State Flowsheet model feeds the leachate from the ultrafiltration process forward to

the cesium ion exchange process. Feeding the leachate forward to the cesium ion exchange
process could result in the feed composition changing during the loading cycle. Changing the
feed composition during the loading cycle of the cesium ion exchange process will result in

changing the equilibrium between competing cations (e.g. Na, K and Cs) with the resin and may
displace cesium from the resin. The Steady State Flowsheet model does not assess the impacts
from changing feed compositions during the ion exchange loading cycle. BNI should consider
the use of the TUA model to predict the changes in the ion exchange feed composition during
processing and then use a first principles cesium ion exchange model to predict impacts from
changing the feed (WSRC-TR-2004-00100 and BNF-003-98-0220).

Table C-2, Appendix C identifies several opportunities to simplify the Pretreatment flowsheet to
increase effectiveness and potentially mitigate issues with unwanted solids formation observed in
the ACM Steady State Flowsheet model.

Open Item 13: The WTP flowsheet as configured may lead to the reduced capability of
the Pretreatment facility. BNI should utilize the Steady State Flowsheet model and the
TUA dynamic model to assess opportunities to simplify the Pretreatment flowsheet to
increase effectiveness.
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2.4 Use of OR, TUA and Steady State Flowsheet Model Results in WTP Design Process

BNI has developed a concept for the Engineering Analysis Tools (OR Model, TUA Model and
Stready State Flowsheet) that describes the purpose and role of each in the design process. This
concept was presented in discussions between the Oversight Team and BNI, on December 13,
2005. The fundamental tools used in the design process are the WEBPPS (Mass and Energy
Balance Calculation) and the Process System and Mechanical System Component Calculations.
The BNI defined role for the process models in the design process is as follows:

¢ The OR Model is used to confirm the average capacities of the WTP facilities as expressed as
target values in the Basis of Design,

¢ The TUA Model is used to complete tank utilization analysis, predict the results of Tank
Farm feed blending scenarios and analyze mission duration/canister and container counts,

o The ACM Steady State Model is used to provide permitting/emissions estimates, chemistry
predictions (thermodynamic equilibrium) and as a comparison tool to the WEBPPS model
Tuns.

The WTP Contract requires that:

“The Contractor shall develop and use analytical models to support the design of the
process and facility system (emphasis added), support pre-operational planning
assessments, and provide technical integration with Tank Farm Contractor waste feed
staging and product acceptance activities. The Contracior will, at a minimum, use the
following models....” Standard 2, (b).

Waste treatment capacity for each major facility is defined as a product of the facility
design capacity (facility nameplate design capacity) multiplied by the overall individual
facility availability factor. The Contractor is to establish the facility design capacity
through its engineering processes. The Contractor is to establish the facility availability
factor from the Operational Research Assessments (emphasis added) as defined in
Standard 2 (b) (1) Operational Research Assessments of the Waste Treatment and
Immobilization Plant. Section C.7 (b)

During the design process the WITP waste treatment capacity shall be demonstrated using
process modeling.(emphasis added) The WTP waste treatment capacity will be verified
through the plant testing performed during commissioning tests conducted in accordance
with Standard 5, Commissioning. Section C.7 (b)

The “Design Process Plan and Description” (24590-WTP-PL-ENG-01-004), requires that:
“Process operations_confirms the design (emphasis added) through the ACM, the
capacity model G2, and the operations research (OR) model Witness, which are reviewed
by DOE.” Section 3.3, page 14.

FINDING. Contrary to the above Contract requirements, BNI Engineering staff have not used
the Process Models (Operations Research Assessment, Tank Utilization Assessment and Mass
Balance and Process Flowsheet) to support the design of the WTP or demonstrate WTP waste
treatment capacity. This was confirmed by BNI, in meetings with ORP, on December 13, 2005
and January 17, 2006. BNI Engineering staff identified that the Process Models are used for
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design assessment only and have no role in the design process. BNI Engineering staff also
identified that BNI has not completed an assessment to determine the full capability of the WTP
and therefore does not know the full design capability of the WTP.

The primary design tools used by BNI in process design are the WEBPPS Mass Balance (Mass
and Energy Balance Calculation) and the Process System and Mechanical System Component
Calculations.

The Oversight Team found that:

e The results of the OR Assessment are used to validate the target availabilities established in
the Basis of Design. There are some indications that the OR Assessment results are being
used to critically assess the design of the WTP and are used in design decisions.
Identification and resolution of issues associated with the integrity of the valves in the
Pretreatment hot cell is one example on how the OR Assessments are used to assess or
confirm the design. However because of the incompleteness of the OR Model and to some
extent completion of the design, the OR model cannot be used to confirm the design.

» Early assessments using the TUA Model were completed to assess the adequacy of vessel
sizing in the WTP design. These assessments were completed prior to the identification of
design and process flowsheet issues identified in the ORP UFP Oversight. BNI has
developed specific changes to the WTP design and process flowsheet to modify the design to
support the design requirements (CCN: 106650). These issues have not been evaluated in the
TUA Model to ensure design adequacy. ORP has provided further guidance for BNI to
verify design adequacy (05-WED-032) using the TUA Model. This analysis has not been
completed. Thus, the adequacy of the WTP design, and potential design and operational
changes, identified by BNI has not been verified.

e The Steady State Flowsheet Model is not being used to validate the WEBPPS Mass Balance
of support assessment of the WTP design. The Oversight Team found that there is no “bench
mark” analysis which compares the results of the Steady State Flowsheet and WEBPPS Mass
Balance using a “design basis” feed vector established by BNI for the WTP design. The
WEBPPS has technical limitations and cannot be used to predict process chemistry. The
Steady State Flowsheet is based upon chemical predictions. Because there is no benchmark
comparison of the WEBPPS and Steady State Flowsheet it cannot be determined if the
WEBPPS is a valid and useful design tool.

Open Item 14: BNI has not confirmed or demonstrated the WIP design with the process
models as required by the WTP Contract. BNI should establish and implement a plan for
the use of the process models to confirm the WTP design is consistent with the
requirements of the WI'P Contract and Design Process Plan and Description. The
confirmation of the design using the process models should be completed prior to
finalization of the process design particularity for the Pretreatment facility.

Open Item 13: BNI should complete a “benchmark run’’ using the WTP design basis
feed vector as identified in the Basis of Design using the OR, TUA and Steady State
Flowsheet process models to confirm adequacy of the proposed WTP process and
equipment design as measured against the Basis of Design and WTP Contract.
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During discussions with BNI staff on December 21, 2005 it was indicated that BNI is relying on
the Project Risk Assessment program (24590-WTP-GPP-PT-003) to address a limited number of
the issues identified from the model assessment results. The risk assessment process requires
that someone on the WTP project identify these issues and ensure the issues are entered into the
risk assessment. The issues are categorized as: BNI risks which could impact the WTP Estimate
to Complete, and DOE risks as part of the Technical and Programmatic Risk Assessment
(TPRA).

During discussions with BNI staff on January 17, 2006 it was indicated the design and process
flowsheet issues identified in the process models would be dispositioned by either the:
Recommendation and Issues Tracking System (RITS), Project Risk Management Program or
prior to entry into one of these action/issues tracking systems. It was also noted that the issues
identified in the process models deliverables have not been entered into either issue management
program.

Open Item 16: BNI has a process for resolution of design and operational issues
identified in the process models. However there is no evidence that this process is being
used. BNI should identify the issue resolution tool (e.g. RITS or Project Risk
Management Program) used to track the resolution of the design, operational and
process chemistry issues identified in the OR, TUA and Steady State Models and
periodically present the plans for, and results of, issues resolution in periodic informal
meetings with the ORP.

25 Evaluation Topics common to the WTP Process Design Models

Reconciliation of the Models with R&T Data

The 2005 Concept Deliverables Paper (24590-WTP-RPT-PO-04-025) commits to update the
OR, TUA and Steady State Flowsheet models to be “in alignment with the scheduled Research

and Technology (R&T) data reconciliation efforts and design alignment items as of November 8,
2004",

BNIJ has a process to reconcile R&T test report results with the WTP process models and
associated basis documentation. This process is described in “Desk Instructions, Process
Operations: Document and Data Review Tracking” (P&0-2003-DI-PO-001). A Review
Tracking Coversheet is prepared for each test report documenting BNI’s assessment of results
and identifying required changes to models or associated basis documentation. Change requests
are prepared when revisions to models or associated basis documentation is required.

Shown in Figure 2.1 is the current status of the data reconciliation effort. Based on discussions
with BNI, over 150 reports are issued that have not been reviewed for reconciliation.
Completion of the reconciliation process is projected to extend through 2007. BNI also stated
this schedule may be extended as a result of FY 2006 project funding levels. The oversight team
considers review of R&T test reports to reconcile the process models and design basis
documentation as critical to assuring the WTP design has appropriate technical underpinning.
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Completion of review and reconciliation of data in test reports is critical to support the project’s
objective to provide appropriate separation between design and construction to reduce project
risk to more reasonable levels. Information learned from R&T reports has the potential to impact
facility equipment design, waste routing, process flowsheet design, and operational performance.

Process Flowsheet & ORP Deliverables
R&T Data Reconciliation Completion - Forecast vs Actual
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Figure 2.1 Current Status of Reconciliation of the R&T Reports
for the WTP Process Models.

Configuration Control of the Models

BNI maintains configuration control of the models according to requirements in their procedure
24590-WTP-GPP-IT-008, Software Life Cycle Management and processes defined in 24590-
WTP-GPP-PT-013, Lifecycle Control of Process Models.

The Oversight Team found configuration control of the OR, TUA and Steady State Flowsheet
Models acceptable.

2.6 Overall Assessment of Design Capability to Meet Facility Performance
Specifications

The results of the OR Assessment, TUA Assessment and Steady State Flowsheet either

considered separately, or together do not support a determination that the WTP design will
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support the waste treatment requirements specified in the WTP Contract and Basis of Design.
The overall causes for this are related to the sizing of the process equipment and inadequacies in
the process chemistry in the WTP flowsheet. These issues cannot, and would not, have been
identified using the design products (calculations and the WEBPPS) used by BNI engineering to
develop the design.

The OR Assessment results showed that the WTP design marginally met WTP Contract
treatment requirements and the Basis of Design required availabilities. When the OR
Assessment results are adjusted to include other missing factors such as Glass Former Facility
availability, caustic and oxidative leaching cycles, time to diagnose required repairs, process
upsets, and rework, the availabilities are predicted to fall well below the Basis of Design
specified requirements.

The TUA Assessment results showed that the WTP nameplate treatment capacity at 100 percent
availability was not demonstrated for all cases assessed. BNI has not evaluated the TUA data to
fully understand the causes for this condition. Part of this condition may be due to vessel
removal from the process flowsheet that occurred during Pretreatment Reconfiguration studies in
2001 and the variable composition of the waste feed vector.

The BNI Steady State Flowsheet Assessment showed that the WTP nameplate treatment capacity
at 100 percent availability was not achieved. Additionally, precipitation reactions were
predicted, that if real, would substantively reduce the WTP treatment capacity. Reconciliation of
these results with other WTP process models, the WEBPPS, and design calculations may reveal
required process and design changes required for the WTP to efficiently treat Hanford tank waste
represented by WTP Contract waste feed envelopes A, B, C, and D.

In discussion with BNI process engineering on January 17, 2006 it was noted than BNI has not
completed an assessment to determine the full capability of the WTP.

2.7 Recommendations for Future WTP Model Work

As required by the WTP Contract, BNI should perform process modeling to demonstrate WTP
treatment capacity and confirm the design using the OR, TUA, and Steady State Flowsheet
models.

Selection of model assumptions should be strategically performed such that all models represent
the WTP design, and are consistent with each other such that the results can be used together to
reach conclusions regarding capacity, availability, and demonstrate performance against WTP
Contract facility specification requirements.

Assumed feeds should cover the spectrum of waste planned for delivery to WTP over the
Hanford tank waste treatment mission. The Hanford tank waste has been bounded in the WTP
Contract in Specifications 7 and 8 by the Envelopes A, B, C, and D compositions. A “bench
marking” run is needed to ensure that the primary design tools (WEBPPS and design
calculations) are valid. ORP concurrence with all key assumptions and methodology should be
obtained prior to starting the bench marking runs.
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Modeling to demonstrate WTP treatment capacity and confirm the design should be performed
on a priority basis to minimize potential impacts to ongoing WTP design and construction. The
results should be used to identify changes to the operating mode, design and/or process
flowsheets as necessary to achieve WTP Contract Facility Specification requirements.
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3.0 Conclusions
The Oversight Team made the following Finding as a result of this Oversight.

BNTI has not used the Process Models in the design process to support the WTP design or
demonstrate WTP waste treatment capacity as required by the WTP Contract Standard 2
(b) and Section C.7 (b) respectively.

The Design Oversight team has concluded the following:

1. BNI has continued the development of the OR, TUA and Steady State Flowsheet models for
the WTP such that they can be used to more accurately predict the anticipated WTP
flowsheet and production performance and be used as diagnostic tools to assess design
adequacy. These models can be used to confirm the WTP design and support equipment
design and process flowsheet decisions. These models can also be used as a basis to modify,
and confirm, the primary design tools, the WEBPPS Engineering Mass Balance and the
Process and Mechanical System Component Calculations to ensure that the WTP design is
adequate.

2. BNI has developed the TUA and Steady State Flowsheet process models consistent with the
scope of the technical analysis requirements defined in the WTP contract (e.g. vessel
capacities, sampling requirements, process control, sludge processing etc.). The Operations
Research model has not yet included all BOF systems such as the glass former facility. In
addition, the OR Model was not used to the full extent of its programmed analytical
capability and did not fully incorporate currently identified design changes resulting from
BNI’s evaluation of approaches to resolve the UFP design issues.

3. BNI has separately applied the OR, TUA and Steady State Flowsheet models to assess
different aspects of the WTP design and project WTP performance. The three process
models do not demonstrate or confirm plant design throughput capability. The configuration
of the models is not consistent with respect to waste feeds, waste treatment requirements and
the operating configuration. The model results were not integrated to provide a complete
design confirmation and overall recommendations on WTP performance enhancements and
potential improvements.

4. BNI is effectively using the results of the OR Model in the design process to support
decisions on equipment components (e.g. remote valve design features) and alternative
operating concepts (e.g. use of the PIH crane) to assess WTP design adequacy.

5. BNI has developed and maintained a formally documented and comprehensive process, for
maintaining configuration control of the process models.

6. BNI has not used the result of the TUA and Steady State Flowsheet models to confirm the
WTP design as required by the “Design Process Plan and Description™, Deliverable 3.1
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7. BNI has a formal and traceable process for resolution of design and process flowsheet issues

10.

identified in the process models. This is the Recommendation and Issues Tracking System
(RITS) and/or the Project Risk Management Program (24590-WTP-GPP-PT-003). The
issues identified in the process model deliverables have not been entered into either issue/risk
management program.

The results of the OR Assessment overestimate the availability of the WTP facilities. As
such, it has been determined by the Oversight Team that the OR Assessment results do not
support the WTP Contract waste treatment requirements or target WTP facility availabilities
specified in the Basis of Design. Major areas requiring development in the OR assessment
are:

e Use of nameplate design capacities for process and mechanical systems and clarification
of inputs.

e Use of a representative waste feed(s) and waste feed treatment process (e.g. washing,
caustic leaching and oxidative leaching of the HLW waste sludge).

» Completion of the OR Model to incorporate systems that impact overall facility
availability (e.g. Glass Former Make-up Facility and facility structures such as shield
doors and hatches)

e Incorporation of human factors into MTTR estimates (e.g. discovery of the failure,
inefficiencies in human effectiveness).

¢ Incorporation of anticipated process upsets into plant availability.

e Reporting of the confidence level of the facility availability results.

¢ Reporting results such that the capacities of the major facilities are clearly presented.

BNI has developed an effective process for reconciliation and incorporation‘of R&T
information into the process models (e.g. OR, TUA, Steady State Flowsheet). However
based upon current plans, a two-year backlog for the incorporation of R&T information into
the process models exists. This situation places the final design of the WTP at risk due to
potential design changes which have not been identified.

The TUA Extended Model Run does not support the completion of the WTP processing
mission consistent with the “2+2” melter proposal (CCN: 039390, TN-24590-02-00706).
This is partially due to the assumptions on HLW glass loading and the design capacity of the
UFP System. The use of these assumptions also prevents an assessment of the treatment
capacity of the WTP system. The ORP requested G2 Model Run (ORP Letter, 05-WED-
032) should produce additional information that can be used to assess the design capability of
the WTP.
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Recommendations

The Oversight Team has made the following recommendations based upon the results of this
Oversight. Additional Open Ttems are summarized in Section 5 for BNI action and completion.

1.

BNI should perform process modeling to demonstrate WTP treatment capacity and confirm
the design using the OR, TUA, and Steady State Flowsheet models as required by the WTP
Contract.

The selection of process model assumptions should be strategically performed such that all
models are accurately representing WTP design and can be used together to support
conclusions regarding capacity, availability, and demonstrate performance against WTP
Contract Facility Specification requirements.

The assumed waste feeds to be used in the process models should cover the spectrum of
waste planned for delivery to WTP over the mission of treating waste contained in all
Hanford tanks. The Hanford tank waste compositions have been bounded in the Contract in
Specifications 7 and 8 in Envelopes A, B, C, and D.

Process modeling to demonstrate WTP treatment capacity and confirm the design should be
performed on a priority basis to minimize potential impacts to ongoing WTP design and
construction. Results should be used to facilitate changes to design and/or process
flowsheets as necessary to achieve Contract Facility Specification requirements.

ORP concurrence with all key assumptions and methodology used in process modeling
formally delivered to ORP to demonstrate WTP facility treatment capacity should be
obtained.
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4.0 Open Items from Design Oversight

The following Open Items have been identified by the Design Oversight team for BNT and
CH2M Hill Hanford Inc. action.

Table 5.1 List of BNI Open Items

Open Item Open Item
Number
1 BNI has assumed the MTBF data for Pretreatment valves that may bias high the

Pretreatment facility availability. BNT should review the OR assumed MTBF data
for PT facility valves based on available industry data. BNI should apply an
appropriate distribution reflective of the uncertainty in the valve MTBF data when
conducting OR assessments.

2 BNI is proposing to modify the MTBF for the Pretreatment valves based upon
testing and engineering assessments. BNI should provide a comprehensive and
complete basis for the modification of MTBF for Pretreatment hot cell valves based
upon dose rate, valve service duty, fluid type and operating environment compared
to the historical data collected at the Savannah River Site (WSRC-TR-93-262 Rev

1).

3 The OR Model requires further development and use to determine if the WTP
design supports WTP Contract and Basis of Design requirements. BNI should
complete additional analysis using a more completely developed OR Model and
appropriate operational scenarios to determine if the WTP design supports the WTP
Contract and Basis of Design requirements. These results should be presented to
ORP for review as they are completed to ensure that the design solution is
adequately progressing.

4 The OR Model output does not allow an assessment of the capability of the
Pretreatment facility. BNI should revise the OR Model output requirements to
clearly show the Pretreatment, LAW Vitrification and HLW Vitrification facility
production quantities and availabilities. Where applicable the treatment capacities
should be expressed in terms used in the WTP Contract and Basis of Design.

S The Basis of Design facility specific availabilities may not support the WTP
Contract waste treatment requirements for IHLW and ILAW. BNI should update
the Basis of Design to ensure that the relationship between the target plant
availabilities and the WTP Contract treatiment requirements are clearly presented.

6 A spare parts inventory for the WTP was not established based upon the OR
Assessment results. A spare parts inventory should be included in the next formal
submission of the OR Assessment Report to ORP.

7 The TUA does not consider impacts from hydrogen mitigation control strategies.
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Table 5.1 List of BNI Open Items

Open Item Open Item
Number

BNI should assess the impacts on tank utilization from increased flush volumes
resulting from implementation of the hydrogen mitigation strategy for pipes and
ancillary vessels as part of the establishment of the HPAV mitigation strategy.

8 The TUA does not include key material balance information. BNI should include
in future TUA reports material balance information for key streams to demonstrate
model closure. Material balance information should include sufficient information
to demonstrate model closure for water and key components such as solids, sodium,
B1¢s, 90Sr, transuranic elements, '2°T, *Tc, aluminum, chromium, iron, sulfate, and
nitrate,

9 The BARD specified reduced ion exchange processing rates while treating AZ-101
and AZ-102 waste supernatants. BNI should incorporate composition based criteria
for determination if a batch of tank waste will require a reduced ion exchange
processing rate into the TUA and Steady State Mass Balance model.

10 BNI’s Steady State Flowsheet shows that the caustic leaching process is ineffective
in removing aluminum from tank waste solids sent to HLW vitrification. If
uncorrected the flowsheet will result in unacceptable flowsheet performance. BNI
should implement improvements to the process flowsheet to effectively leach
aluminum.

11 The absence of mineral phases found in tank waste samples from the ACM Steady
State Flowsheet model indicates the BNT assessment may not represent expected
solids formation during waste processing in the WTP. It is recommended BNI
continue to improve the ACM Steady State Flowsheet model by incorporating
available Tank Farm contractor information on solids present in tank wastes.

12 The Steady State Flowsheet identified precipitation requirements that require
further assessment and potentially flowsheet and design changes. BNI should
assess sodium oxalate management, solids blockage of Cs ion exchange columns,
solids from treated LAW from Cs ion exchange, solids in feed evaporator
condensate, and solids in TCP-VSL-00001.

13 The WTP flowsheet as configured may lead to the reduced capability of the
Pretreatment facility. BNI should utilize the Steady State Flowsheet mode! and the
TUA dynamic model to assess opportunities to simplify the Pretreatment flowsheet
to increase cffectiveness.

14 BNI has not confirmed or demonstrated the WTP design with the process models as
required by the WTP Contract. BNI should establish and implement a plan for the
use of the process models to confirm the WTP design is consistent with the
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Table 5.1 List of BNI Open Items

Open Item Open Item
Number

requirements of the WTP Contract and Design Process Plan and Description. The
confirmation of the design using the process models should be completed prior to
finalization of the process design particularity for the Pretreatment facility.

15 BNI should complete a “benchmark run” using the WTP design basis feed vector as
identified in the Basis of Design using the OR, TUA and Steady State Flowsheet
process models to confirm adequacy of the proposed WTP process and equipment
design as measured against the Basis of Design and WTP Contract.

16 BNI has a process for resolution of design and operational issues tdentified in the
process models. However there is no evidence that this process is being used. BNI
should identify the issue resolution tool (e.g. RITS or Project Risk Management
Program) used to track the resolution of the design, operational and process
chemistry issues identified in the OR, TUA and Steady State Models and
periodically present the plans for, and results of, issues resolution in periodic
informal meetings with the ORP.

Table 5.2 List of CH2M Hill Hanford Inc. Open Items

Open Item Open Item
Number
1 The water wash factors in the TWINS predict higher transuranic element solubility

when compared to experimentally measured wash factors. If uncorrected, several
ILAW glass batches will be incorrectly predicted to exceed the 100nCi/gram
transuranic concentration limit. The Tank Farm Contractor should implement
improvements to the water wash factors for transuranic elements or develop
another method to estimate the solubility of transuranic elements in the waste.
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Appendix A
ORP Assessment of the Operations Research Assessment, Deliverable 2.5

Contract Compliance Questions

1. Does the Operations Research assessment determine that the facility design
incorporates appropriate design and operational features to meet plant capacity
requirements and reduce construction and/or operations costs? Plant capacity
requirements include:

a. Pretreatment
i. Basis of Design (BOD) availability of 80%
ii. HLW Pretreatment shall support vitrification of an average of 480 canisters of
THLW per year.
iti. LAW Pretreatment shall process and average of 2,200 Na waste units per
year. BNI shall notify DOE if the governing unit operation drops below 3400
total Na units per year or predicted availability drops below 2950 total Na
units per year (~86% availability if governing unit is 3400 total Na units per
year).
b. HLW
i. BOD availability of 70%
ii. Produce an average of 480 canisters per year assuming 1.16 cubic meters of
glass per canister
c. LAW
i. BOD availability of 70%
ii. Produce glass with an average of 733 Na waste units per year.

Assessment

The purpose of the OR Model Runs was to independently determine if the target availabilities for
the WTP facilities as specified in the WTP Basis of Design are achieved. These target
availabilities for the Pretreatment, LAW Vitrification and HLW Vitrification facilities are 0.80,
0.70 and 0.70 respectively. The OR Model is used to estimate the treatment rate that is expected
over a 12 year period. The availability is determined by comparison of the treatment rate
projected with no RAM (reliability-availability-maintainability) failures to an estimate with
RAM failures applied.

The OR Model is a stochastic calculation that uses statistical distributions for the principle
variables used in the calculation; Mean Time Before Failure (MTBF) and Mean Time to Repair
(MTTR). The negative exponential distribution is used to specify the range of values for the
MTBF. The OR Model sets default values for this disiribution. The Erlang Distribution is used
for the MTTR. The K value for this distribution is set at 2 resulting in a log normal distribution.
The output from the OR model run is a single value representing the treatment rate (e.g. cans of
ILAW, cans of THLW, units of Na and MTG equivalent for IHLW). In discussion with BNI it
was indicated that the OR model run does not output a treatment rate distribution. Thus it is
believed that the values reports are the mean values.
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The OR Assessment Report (24590-WTP-RPT-PO-05-001) includes 8 scenarios that are
specified with unique objectives. Three of the Scenarios are modeled to assess the availability of
the Pretreatment, HLW Vitrifcation and LAW Vitrification facilities. These results can be
compared to the baseline Scenario (e.g. no RAM applied) to provide an indication of the facility
availability. (Note: The OR Assessment compared Scenario 5 and Scenario 8 to estimate the
Pretreatment availability which is not valid because the valve lifetime extension assumed for
Scenario 8 has not been validated.) '

e Pretreatment Facility-Scenario 5, 24590-WTP-MRQ-PO-05-0025. When comparing
Scenario 4 and Scenario 5, the LAW Pretreatment availability is estimated to be 90%, and
the HLW availability is estimated to be 80%. However the LAW availability is based upon
providing feed to the LAW Vitrification facility. Thus the determination of the ability of the
Pretreatment facility to support 2950 Units LAW (or 3400 Units LAW) cannot be made. The
HLW availability at 80% just meets the Basis of Design requirement.

e HLW Vitrification Facility-Scenario 6, 24590-WTP-MRQ-PO-05-0026. When comparing
Scenario 4 and Scenario 6, the HLW Vitrification availability is estimated to be 83% which
meets the Basis of Design requirement of 70%.

e LAW Vitrifcation Facility-Scenario 7, 24590-WTP-MRQ-PO-05-0027. When comparing
Scenario 4 and Scenario 7, the LAW Vitrification availability is estimated to be 72% which
meets the Basis of Design requirement of 70%.

Scenario 2 provides the best overall assessment of the WTP design capability. The model
assessment was completed with all WTP Plant and LAB RAM applied and assumes 15% rework
of the analytical samples. 10 replication runs were completed based upon these assumptions.
The results are summarized below and show that the integrated Pretreatment, LAW Vitrification
and HLW Vitrification facility analysis resuits. Based upon this assessment the LAW system
has an average availability of 0.62 assuming the ILAW container holds 5.6 MTG and 0.69
assuming the ILAW container holds 6 MTG. The HLW system has an average availability of

0.69.
Table A.1 Summary of Production Quantities from Scenario 2, 24590-WTP-MRR-PO-05-
009
Replication ILAW, Total THLW, Total TLAW, THLW,
Containers Containers containers/day | containers/day
1 14394 5851 3.42 1.39
2 13547 5461 3.22 1.30
3 13321 5495 3.16 1.30
4 14472 5875 3.43 1.39
5 13775 5706 3.27 1.35
6 13593 5747 3.23 1.36
7 14051 5736 3.33 1.36
8 14736 6189 3.50 1.47
9 13986 5839 3.32 1.39
10 14444 5880 343 1.40
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Table A.1 Summary of Production Quantities from Scenario 2, 24590-WTP-MRR-PO-05-

009
Replication ILAW, Total IHLW, Total ILAW, IHLW,
Containers Containers containers/day | containers/day
Average 14032 5778 3.33 1.37
Plant Availability at Average Production 0.62 (0.69) 0.69
Average Production 18.6 MTG/d 500
container/year
Notes:

The TLAW container is assumed to contain 5.6 MTG per the BARD resulting in an average
availability of 0.62. If the ILAW container contains 6 MTG then the average availability is 0.69.

The OR model Assessment is not complete in terms of the scope analyzed. Thus the estimates of
availability are overstated. Table A.2 summarizes some of areas of scope (factors) not addressed
in the current OR Model and provides estimates based upon the Oversight Team judgment of the
impact of availability. The factors include:

e The confidence level for reporting. The OR results are presented as a mean value and in
terms of statistical confidence represent a 50% confidence level. Meaning that there 15 a 50%
chance the value will be above the value citied and a 50% chance the value will be below the
value cited. The 10 results in Table A.1 are normally distributed, and can be used to estimate
the standard deviation and 90% confidence level (e.g. values 2 standard deviations below the
mean).

o The availability of the Glass Former Facility is not considered in the OR Model. The
procurement specification requires an availability of 90%. It is assumed the impact to overall
system availability is 5% or 0.95.

e The waste treatment flowsheet in the OR Model does not incorporate caustic leaching and
oxidative leaching which can impact the thru put of the Pretreatment facility. It is assumed
the impact to production is 5% or 0.95.

¢ The MTTR estimates do not provide a time duratton for discovery of the failure. Itis
assumed the discovery time has a 1% or 0.99 impact on production capacity.

e The OR Model does not account for lost capacity due to process upsets, line pluggage or
rework. It is assumed than that the process upsets a 2% or 0.98 impact on production
capacity.

When reviewed in isolation each of these omissions in the OR Model appear to have a small
impact. However, when considered together, these omissions can have a significant impact on
WTP availability. Considering these assumptions the HLW system availability drops to 0.56 or
408 canisters/year, below the requirement in the WTP Contract and the WTP Basis of Design
(Reference). The LAW System Availability cannot be completely evaluated because the data
reported in the OR Model runs is not complete.
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Table A.2 Impact of LAW and HLW System Availability from Additional Assumptions

Assumptions Value LAW System HLW System
Availability Availability

Starting Value from Table A.1 NA 0.62 0.69
Reporting of Confidence Level at 95% 2 standard 0.58 0.64
based upon tota! “Plant” only. deviations
Incorporation of Glass Former Facility 0.95 0.55 0.61
Availability
Incorporation of Caustic Leach into 0.95 0.52 0.58
Envelope A/D Flowsheet
Discovery Time associated with 0.99 0.52 0.57
MTTR Estimates
Incorporations of process upsets and 0.98 0.51 0.56
rework into operations
Average Production After NA 408
Adjustments Canisters/year

Other technical areas not included in the OR Assessments include:

Instrumentation to support process control and Important to Safety operations,
MTTR for combined piping and electrical jumpers,

Design changes resulting form vendor supplied equipment,

R&T initiated changes to the design and operational performance of the equipment.

Results from the OR Mode! assessments determined that the usage of the PIH crane and the
lifetime for the hot cell valves were significant factors impacting the availability of the
Pretreatment facility. BNI is currently investigating design and operational approaches to
improve availability of the Pretreatment facility, these include:

e Assessment of the usage of the PIH crane to determine how best to maximize its usage. This
assessment is starting with determination of the percentage time the crane is used for: self
maintenance, replacement of critical equipment components, replacement of non critical
components, waste/equipment size reduction and transportation of waste in the hot cell.

 In addition, a sensitivity case was completed (Scenario 8, 24590-WTP-MQR-PO-05-015)
that modified the assumptions used for the MTBF for the hot cell valves based upon
predicted dose rates. The MTBF for valves in low-radiation areas (<500 Rad/hr) was
increased from 3.3 to 10 years and the MTBF for valves in high radiation areas (=500
Rad/hr) was extended from 3.3 to 5 years. The shorter life-time estimates are consistent with
historical data collected at the Savannah River Site (WSRC-TR-93-262 Rev 1.0). The results
of this sensitivity assessment showed an approximate 33% increase (1.37/1.83) in availability
from the baseline results presented in Table A.1. BNI is testing and evaluating valves to
validate these proposed design life assumptions in a testing program that involves radiation
exposure to 10® Rad followed by shake testing and valve operations testing. Following the
completion of this testing, the baseline values for valve lifetime may be modified.
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The mean-time-between-failure (MTBF) data for components used in the OR Model was
obtained from numerous sources, including actual failure rate data for components obtained from
review of failure events and sources that estimate failure rates (WSRC-TR-93-262, revision 1,
1998, Savannah River Site Generic Data Base Development, Westinghouse Savannah River
Company, Aiken South Carolina). BNI has augmented the literature information for component
MTBF data through structured expert opinion workshops. The component MTBF data provided
in WSRC-TR-93-262, revision | is identified in three categories defined as:

e Category 1- Sources with actual failure data obtained from a detailed review of failure events
(to ensure applicability to the failure mode being considered) and a detailed review of
component populations and exposure duration’s (or demands). Such data include the plant-
specific component failure data collected for probabilistic risk assessments (PRAs) or
reliability studies. The NUCLARRI database has 19 Category 1 sources, all from nuclear
power plants. For this project, the Savannah River Site (SRS) reactor data were added.

« Category 2- Sources with actual failure data but which have an added uncertainty in the data
compared with Category 1 sources. This added uncertainty can result from a less
comprehensive search for actual failures, a more approximate method for determining
component populations or exposure duration’s {or demands), or a less clear breakdown of
failures into the failure modes of concern.

e Category 3- Sources that list only failure rate estimates. Six representative sources were used
in this project.

For valves used in chemical processing service similar to the Waste Treatment and
Immobilization Plant, the MTBF data from WSRC-TR-93-262, revision | are provided in Table
A-1. WSRC-TR-93-262, revision 1 lists only category 3 source data and the recommended
MTBEF data is actually based on water service valves due to the more extensive data available
(see WSRC-TR-93-262, revision 1, pages 204 — 211). Therefore, the MTBF duration possibly
could be shorter for valves used in the PT facility due to chemical service and radiation
exposure.

BNI has assumed in the OR Model *... In determining the PT facility availability, a valve
replacement strategy was applied and based on dose mapping, the MTBF of plug valve and
actuator seals was extended to around 5 years for valves in the high radiation areas, and 10 years
for valves in the low radiation areas in the hot cells” (24590-WTP-RPT-PO-05-001, page 8).
This assumption is not consistent with the reference MTBF data for valves cited in WSRC-TR-
93-262 and may bias high the PT facility availability.

Table A-1 Chemical Service Valves Mean Time Between Failure Data M

Chemical Process Valve Mean Failure Rate | Mean Failure Rate
(1/dav) (vear)
Manual Valve fails to open / close 3.00E-04 9.1
Check Valve fails to open / close 5.00E-05 54.8
Motor Operated Valve fails to open / 3.00E-03 0.9
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Table A-1 Chemical Service Valves Mean Time Between Failure Data )

Chemical Process Valve Mean Failure Rate | Mean Failure Rate
(1/day) (year)
close
Air Operated Valve fails to open / close 1.00E-03 2.7
Solenoid Operated Valve fails to open/ 1.00E-03 2.7
close

M WSRC-TR-93-262, revision 1, page 21

The dose rate cut off of 500 Rad/hr for the low and high dose rates combined with the selection
of valves for low and high does rates used in the Scenario 8 MTBF assumptions is not readily
traceable to selections made in the Scenario 8 model rum. In addition other factors such as valve
service duty (e.g. cycles of opening and closing), valve type, fluid type (e.g. low solids versus
high solids) and vibration may impact the anticipated valve life. Assuming that the valve
lifetime valves are to be adjusted compared to the historical data collected at the Savannah River
Site (WSRC-TR-93-262 Rev 1.0), then BNI should provide a comprehensive basis for
modification of the MTBF valves.

Based upon the results of the “Baseline Run™ (Scenario 2, 24590-WTP-MRR-P0-05-009) the
WTP facility complex does not support the availability requirements identified in the Basis of
Design. However, it appears than BNI is completing the appropriate analysis to identify design
and operational changes to support establishment of a fully compliant WTP design. These
actions include:

e Completion of the ORP Model and scenario analyses to include significant design and
operational features not currently modeled or evaluated.

e Further examination of the PIH crane to determine how it is being used, and identification of
potential operational features to improve utilization of the crane.

e Potential modification of the MTBF values for Pretreatment facility hot cell valves.

Because of the significant uncertainties associated with the ability of the WTP facilities to meet
the Basis of Design avatlability requirements (and WTP contract waste treatment requirements),
the ORP is requesting informal reviews of interim model runs.

The Results from the OR Model scenario runs are presented in Appendix A of each model
report. These results are typically presented in a table that identified the replication number,
total number of LAW and HLLW containers and daily production of LAW and HLW. The results
for LAW are only presented in terms of the LAW immobilized in WTP and do not include the
entire volume of LAW treated. Thus it is not possible to determine if the total LAW treatment
rate requirement are being met. BNI should revise the format of the OR Mode! output to provide
a clear demonstration of the capability of the Pretreatment, LAW and HLW facilities, in terms of
the amount of material processed and immobilized.

BNI has estimated the availability of each of the major WTP facilities, Pretreatment, LAW
Vitrification and HLW Vitrification in the OR Assessments. Target values for the availability
for each facility have been established by BNI in the Basis of Design. While these facility
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specific OR Assessments are important to evaluate BNI’s facility specific design, they do not
necessarily meet the requirements for the treatment rates as specified in the WTP contract. This
is clearly illustrated when comparing the results of Scenario 2, a “Plant” assessment with RAM
applied to the individual results for the three major facilities (Scenario 5, 6 and 7). In terms of
validating that the WTP contract requirements are met, only the “Plant” assessments are relevant.
Because of this and the presentation in the OR Assessment it appears that the requirements
established by BNI in the Basis of Design are in error.

2. Does the Operations Research assessment include sampling and analysis requirements
inciuding sample turnaround times?

Assessment

The OR Assessment includes sampling and analysis requirements including sample turnaround
times. The executive summary of the OR Assessment states that the “sample points, sample
frequencies, and analytical time available (ATA) for each sample point were updated from the
Integrated Sampling and Analysis Requirement Document (“the ISARD,” 24590-WTP-PL-PR-
04-001)". Section 2.2 states that “The WTP OR flowsheet reads data from the Laboratory
spreadsheet, which contains information from the ISARD (24590-WTP-PL-PR-04-001). The
ISARD provides the Laboratory analytical times available (ATAs) required for all sample points
in the PT, HLW, and LAW processes, and the detailed tasks and durations for each process
sampling point.”

The Oversight Team did not verify that the sample point information in the ISARD was properly
entered into the Laboratory spreadsheet, nor did we verify the Witness model itself, nor did we
verify traceability through the various model run requests and model reports.

3. Does the Operations Research assessment include tank capacities and times to conduct
individual process steps in unit operations?

Assessment

The OR Assessment includes tank capacities and times to conduct individual process steps in the
unit operations. The OR Assessment uses the Witness model which is described in the Model
Design Document (24590-WTP-MDD-PR-01-001). Section 4 of the Model Design Document
provides a brief description of each key unit operation and presents the tank capacities (generally
in terms of a working batch size) and times (either in terms of the input and output flowrates or
as a time for a discrete process step, as appropriate).

The OR Assessment was based upon the treatment of an Envelope A/D feed and used only
filtration and shudge washing to treat the HLW solids. Caustic leaching and oxidative leaching
of the HLW sludge will be completed as part of normal operations in the Pretreatment facility.
These process steps were not modeled in the Pretreatment flowsheet, although the capability
exists to complete this analysis using the current model. These additional process steps are
anticipated to reduce the treatment rate (and correspondingly, the availability) of the
Pretreatment facility due to extending the time to treat the tank waste.
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4. Does the Operations Research assessment include time for mechanical handling steps?
Assessment

The OR Model includes the necessary times to complete the mechanical handling steps including
travel times, batch process times and RAMI times (MTBF, MTTR, etc). Storage limitations in
terms of volumes and physical space locations (in container racks) are also included in the
model.

5. Does the Operations Research assessment include equipment reliability?
Assessment

The OR Model is based upon RAM data developed by the WTP project which considers the use
of existing data bases (WSRC-TR-93-262) and expert reviews conducted by BNI. The RAM
data is documented in a series of documents identified below:

o 24590-PTF-RPT-PO-05-0001, “PT Reliability, Availability and Maintainability Data
Development Report”.

o 24590-HLW-RPT-PO-05-0001, “HLW Reliability, Availability and Maintainability Data
Development Report™.

e 24590-LAW-RPT-PO-05-0001, “LAW Reliability, Availability and Maintainability Data
Development Report™.

e CCN: 047010, “OEE Sheets for Analytical Laboratory”.

6. Does the Operations Research assessment include time estimates for maintenance and
repair of facility and process systems?

Assessment

The OR Assessment is based upon RAM data that is presented is a series of reports (see response
to question 5 above). A large portion of the RAM assessment is devoted to estimating the Mean
Time to Repair (MTTR).

The MTBF and MTTR are presented as distributions in the OR Model. Via conversations with
BNI on December 29, 2005, these distributions which are not documented in the model are the
NEGEXP (negative exponent) distribution for MTBF and the ERLANG distribution with K=2
for MTTR.

The suitability of using these distributions needs to be examined. Sensitivity runs may be needed
to understand the effects of these (and other assumptions) on availability and capacity.
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7. Does the Operations Research assessment include estimated spare equipment
inventory?

Assessment

The OR Assessment identifies an equipment list used as a basis for the OR assessments in

Appendix B. However a spare parts inventory is not established or recommended. (“7The OR

flowsheet reliability data have been used as a basis to establish an equipment list that will be

used to develop a spare parts inventory.” Section 2.10, page 13 of 24590-WTP-RPT-PO-05-

001) ,

8. Does the Operations Research assessment include recommendations to improve
reliability and throughput of the production facilities?

Assessment

The OR Assessment has made no specific recommendations to improve the reliability or
throughput of the WTP facilities. The OR Assessment concludes that the PIH crane is heavily
utilized and indicates that further assessments are required. In addition the assessment results
indicate that the lifetime of the remote valves in the Pretreatment facility will significantly
impact the availability of this facility due to the large number of valves. Thus further evaluation
of valve lifetime (e.g. MTBF) is planned.

9. Does the Operations Research assessment ensure appropriate reliability, availability,
maintainability, and inspectability for the WTP balance of facilities?

Assessment

The OR Assessment results for Scenario 2 which are the best representation of the “WTP
baseline” do not support the WTP contract waste treatment requirements as discussed in the
question #1 response above. A number of unresolved issues still exist in the design and
operationa!l concepts to ensure than the WTP will meet WTP contract requirements. As such the
appropriate reliability, availability, maintainability, and inspectability is still to be established.

10. Does the Operations Research assessment reflect the latest design and information from
research and technology?

Assessment

Based upon the commitments in the Error! Unknown decument property name., the OR
Model was to be updated to be “in alignment with the scheduled Research and Technology
(R&T) data reconciliation efforts and design alignment items as of November 8, 2004

BNI has a process to reconcile R&T test report results with the WTP process models and
associated basis documentation. This process is described in “Desk Instructions, Process
Operations: Document and Data Review Tracking” (P&0-2003-DI-PO-001). A Review
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Tracking Coversheet is prepared for each test report documenting BNI’s assessment of results
and identifying required changes to models or associated basis documentation. Change requests
are prepared when revisions to models or associated basis documentation is required.

Shown in Figure A.1 is the current status of the data reconciliation effort. Based on discussions
with BNI, over 150 reports are issued that have not been reviewed for reconciliation.
Completion of the reconciliation process is projected to extend through 2007. BNI also stated
this schedule may be extended as a result of FY 2006 project funding levels. The oversight team
considers review of R&T test reports to reconcile the process models and design basis
documentation as

Process Flowsheet & ORP Deliverables

R&T Data Reconciliation Completion - Forecast vs Actual
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Figure A.1 Current Status of Reconciliation of the R&T Reports
for the WTP Process Models.

critical to assuring the WTP design has appropriate technical underpinning. Completion of
review and reconciliation of data in test reports is critical to support the project’s objective to
provide appropriate separation between design and construction to reduce project risk to more
reasonable levels. Information learned from R&T reports has the potential to impact facility
equipment design, waste routing, process flowsheet design, and operational performance.
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11. Has BNI maintained configuration control to manage the models and analyses?
Assessment

BNI maintains configuration control of the models according to requirements in their procedure
24590-WTP-GPP-IT-008, Software Life Cycle Management and processes defined in 24590-
WTP-GPP-PT-013, Lifecycle Control of Process Models.

24590-WTP-MRR-PO-05-012 stated the following, “The OR Flowsheet Version 4.0 was
verified and validated and was documented in the Operations Research (Witness) Model Version
4.0 Verification and Validation Report (24590-WTP-VV-PO-05-002).”... “Run results were
validated by the Process Operations flowsheet engineers.” Similar statements are provided in
each Model Run Request.

The Oversight Team found configuration control of the OR Assessment acceptable.
12. Has BNI established facility design capacity through its engineering processes?
Assessment

BNI has developed a concept for the Engineering Analysis Tools that describes the purpose and
role of the OR Model, TUA Model and ACM Steady State Model in the design process. This
concept was presented in discussions between the Oversight Team and BNI, on December 13,
2005. The fundamental tools used in the design process are the WEBPPS (Mass and Energy
Balance Calculation) and the Process System and Mechanical System Component Calculations.
The role of the process models in the design process is as follows:

e The OR Model is used to confirm the average capacities (availabilities) of the WTP facilities,

e The TUA model is used to complete tank utilization analysis, predict the results of Tank
Farm feed blending scenarios and analyze mission duration/canister and container counts,

e The ACM Steady State Model is used to provide permitting/emissions estimates, chemistry
predictions (thermodynamic equilibrium) and as a comparison tool to the WEBPPS model
runs.

The WTP Contract requires that

“The Contractor shall develop and use analytical models to support the design of the
process and facility system (emphasis added), support pre-operational planning
assessments, and provide technical integration with Tank Farm Contractor waste feed
staging and product acceptance activities. The Contractor will, at a minimum, use the
following models:...” Standard 2, (b).
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The “Design Process Plan and Description” (24590-WTP-PL-ENG-01-004), requires that:

“Process operations confirms the design (emphasis added) through the ACM, the capacity
model G2, and the operations research (OR) model Witness, which are reviewed by DOE.”
Section 3.3, page 14.

The Oversight Team has found that the results of the OR Assessment are used to validate the
target availabilities established in the Basis of Design. There are some indications that the OR
Assessment results are being used to critically assess the design of the WTP and are used in
design decisions. Identification and resolution of issues associated with the integrity of the valve
in the Pretreatment hot cell is one example on how the OR Model is used to assess or confirm the
design. However because of the incompleteness of the OR Model and to some extent completion
of the design, the OR model cannot be used to confirm the design.

Other Technical Questions

1. Does the Operations Research model support BNI’s commitment in their two HLW
melter and two LAW melter proposal (CCN: 039390) to process all Hanford tank waste
in a seventeen year operational period? If not, why not?

Assessment

The OR Assessment results as discussed in question #1 response above indicate that the WTP
facilities do not have a sufficiently high availability compared to the Basis of Design
requirements to support the completion of Hanford tank waste processing within a 17 year
period.

2. Does the Operations Research model identify the limiting unit operation or handling
steps to achieve production goals?

Assessment

The OR Model appears to be configured to generate the necessary output to address this
question. However specific model runs have not been completed. BNI has begun in the last year
to beginning to use the OR model as a design assessment tool to support design assessment and
design, However only limited data is available at this time.

3. Can LAW vitrification support ORP’s stretch case goal of 45 metric tones glass per
day? If not, what changes are required?

Assessment

The 45 MTG/d refers to a design capacity. The ORP Stretch case as provided in ORP System
Plan Rev 2 assumes that the design capacity of the LAW Vitrification facility is 45 MTG/d.
ORP has conducted Oversight assessments to determine how to achieve this design capacity.
However, the ORP System Plan also assumes that the availability of the LAW Vitrification
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facility is 0.75 (e.g. 34 MTG-d/45 MTG-d). The results from Scenario 2 indicate the LAW
System availability is 0.62 and the LAW Vitrification facility assessment is 0.72. Both
availability estimates fall short of ORP’s assumption used in the System Plan.

4. Can HLW vitrification support ORP’s stretch case goal of 6.0 metric tones glass per
day? If not, what changes are required?

Assessment

The 6 MTG/d refers to a design capacity. The ORP Stretch case as provided in ORP System
Plan Rev2 and the WTP contract require that the design capacity of the HLW Vitrification
facility be 6 MTG/d. The ORP System Plan also assumes that the availability of the HLW
Vitrification facility is 0.83 (e.g. S MTG-d/6 MTG-d). The results from Scenario 2 indicate the
HLW System availability is 0.69 and the HLW Vitrification facility assessment is 0.83. The
HLW system availability estimate falls short of ORP’s assumption used in the System Plan.

5. What are the limiting operations or handling steps that prevent the Pretreatment
facility from achieving a 3,400 unit Na/7.5 metric tonne HLW and 2950 unit Na/7.5
metric tonne HL.W production rate?

Assessment

The OR Model is currently not configured to generate the necessary output to address this
question. An Open Item was identified above to begin to provide this information to support
these assessments.
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APPENDIX B
WTP TANK UTILIZATION ASSESSMENT, DELIVERABLE 2.6

Contract Compliance Questions

1. Does the TUA assess utilization of process tank capacity and supporting equipment
capability and operational characteristics, to ensure that the tanks are appropriately
sized to suppeort process operations, sampling and analysis turnaround times, process
control requirements and waste form qualification needs?

Assessment

The scope of the TUA Model was established to support the requirements of the WTP Contract.
This involves a determination of the adequacy of the process vessel/equipment capacity
considering: anticipated process operations, process sampling, process control and waste form
qualification compliance strategies. The TUA has also been configured to assess the impact of
specific tank waste chemistries on the process flowsheet to estimate time dependent volumetric
throughputs and quantities of [LAW and ITHLW. All requirements associated with the technical
scope of the TUA Model as defined by the WTP Contact have been met. These requirements
will need to be reassessed as WTP process Flowsheet design matures and is finalized. This
assessment does not include use of the model results to confirm the design as discussed below
and in Question 1, Other Technical Questions.

BNI has proposed recent equipment capacity design and process flowsheet changes to resolve
design capacity issues associated with the Ultrafiltration Process (CCN: 106650). The process
flowsheet changes including Al solubility correlation and feed forward of process streams have
been incorporated into the TUA Model. However, the proposed design changes, most notably
the UFP filter surface area size has not been incorporated into the TUA Model. Thus a
confirmatory run to assess the adequacy of the WTP design has not been completed.

2. Does the TUA reflect the latest design and information from research and technology
(R&T)?

Based upon the commitments in the, Rev. 2, 2005 Deliverables Concept Paper (24590-WTP-
RPT-PO-04-025), the TUA was to be updated to be “in alignment with the scheduled Research
and Technology (R&T) data reconciliation efforts and design alignment items as of November 8,
2004”.

BNI has a process to reconcile R&T test report results with the WTP process models and
associated basis documentation. This process is described in “Desk Instructions, Process
Operations: Document and Data Review Tracking” (P&0-2003-DI-PO-001). A Review
Tracking Coversheet is prepared for each test report documenting BNI’s assessment of results
and identifying required changes to models or associated basis documentation. Change requests
are prepared when revisions to models or associated basis documentation 1s required.
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Assessment

Shown in Figure A.1 is the current status of the data reconciliation effort. Based on discussions
with BNI, over 150 reports are issued that have not been reviewed for reconciliation.

Completion of the reconciliation process is projected to extend through 2007. BNI also stated
this schedule may be extended as a result of FY 2006 project funding levels. The oversight team
considers review of R&T test reports to reconcile the process models and design basis
documentation as critical to assuring the WTP design has appropriate technical underpinning.
Completion of review and reconciliation of data in test reports is critical to support the project’s
objective to provide appropriate separation between design and construction to reduce project
risk to more reasonable levels. Information learned from R&T reports has the potential to impact
facility equipment design, waste routing, process flowsheet design, and operational performance.

3. Has BNI demonstrated WTP waste treatment capacity using process modeling? Plant
capacity requirements include:
a. Pretreatment
i, Basis of Design (BOD) availability of 80%
ii. HLW Pretreatment shall support vitrification of an average of 480
canisters of IHLW per year.
iii. LAW Pretreatment shall process and average of 2,200 Na waste units per
year. BNI shall notify DOE if the governing unit operation drops below
3400 total Na units per year or predicted availability drops below 2950
total Na units per year (~86% availability if governing unit is 3400 total
Na units per year).
b. HLW
i. BOD availability of 70%
ii. Produce an average of 480 canisters per year assuming 1.16 cubic meters
of glass per canister
c. LAW
i. BOD availability of 70%
ii. Produce glass with an average of 733 Na waste units per year.

The TUA modeled five cases consisting of (1) AP-101 / AY-102 commissioning feed, (2) TPA
milestone M-062-00A completion, (3) TPA milestone M-062-00A completion with unlimited
HLW melter feed storage, (4) mission completion run with alkaline leaching, and (5) mission
completion run with alkaline leaching and sequential oxidative leaching. All TUA cases assume
100% availability of WTP systems and components. The review team evaluated the results of
each TUA case to determine the waste stream production rates. Table B-1 summaries the waste
stream production rates for each of the TUA cases. None of the TUA cases demonstrate the
capability of the WTP to meet nameplate waste treatment capacities for HLW Vitrification (6
MT/day), LAW Vitrification (30 MT/day) and LAW Pretreatment (3,400 Na waste units per
year).

Assessment: BNI has not demonstrated the capability of the WTP to meet nameplate waste
treatment capacities.
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The TUA runs contain the following assumptions:

s LAW vitrification facility SBS / WESP recycle is transferred to Supplemental LAW
Treatment along with excess pretreated LAW

o Caustic leaching only performed if it will reduce the quantity of HLW glass by 10% or more
for a waste batch

¢ Oxidative leaching only performed if it will reduce the quantity of HLW glass by 10% or
more for a waste batch

The first assumption results in a larger fraction of sulfate and technetium being transferred to the
Supplemental LAW Treatment system and artificially increases the waste sodium loading in
WTP ILAW glass. However, this assumption is inconsistent with section 1.2.2 of the Flowsheet
Bases, Assumptions and Requirements Document (BARD), 24590-WTP-RPT-PT-02-005,
revision 3, page 1.2-2, which states: “Condensables from the SBS and the WESP are collected in
the liquid effluent system and recycled to the treated LAW evaporator in the PT facility”. BNI's
Tank Utilization model does not represent the operating conditions of the WTP, consistent with
the BARD.

The second and third assumptions are arbitrary, and may lead to unwanted increase in IHLW
glass production. The review team did not have sufficient information to quantify the impact to
IHLW glass production from these two assumptions. Data presented in Table 5.3 of BNI's TUA
indicates ~43% of the HLW melter feed batches (representing ~41% of the total glass produced)
contain aluminum or chromium as limiting constituents following alkaline and sequential
oxidative leaching. It is apparent that removing additional aluminum and/or chromium from the
HLW sludge batches will reduce the quantity of IHLW glass produced.

The Tank Farm feed vector provided to BNI used water wash factors from the Tank Waste
Information Network System (TWINS) database, which over estimate solubility of transuranic
elements (e.g. >*' Am and 2°Pu) compared to wash factors measured experimentally. For
example, the TWINS database relPorts a *Y' Am water wash factor of 0.028 for tank 241-AZ-101.
The experimentally determined 24 A'm water wash factor is O for tank 241-AZ-101 (PNWD-
3206).

The use of the TWINS transuranic water wash factors results in the Tank Utilization model

predicting several batches of ILAW will exceed the 100nCi/gram transuranic concentration
limit, as shown in Figure 3-14, 24590-WPT-RPT-PO-05-008, revision 0.
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4. Has BNI established facility design capacity through its engineering processes?

BNI has developed a concept for the Engineering Analysis Tools that describes the purpose and
role of the OR Model, TUA Model and ACM Steady State Model in the design process. This
concept was presented in discussions between the Oversight Team and BNI, on December 13,
2005. The fundamental tools used in the design process are the WEBPPS (Mass and Energy
Batance Calculation) and the Process System and Mechanical System Component Calculations.

The role of the process models in the design process is as follows:

e The OR Model is used to confirm the average capacities of the WTP facilities,

o The TUA model is used to complete tank utilization analysis, predict the results of Tank
Farm feed blending scenarios and analyze mission duration/canister and container counts,

e The ACM Steady State Model is used to provide permitting/emissions estimates, chemistry
predictions (thermodynamic equilibrium) and as a comparison tool to the WEBPPS model

runs.

The WTP Contract requires that

“The Contractor shall develop and use analytical models to_support the design of the
process and facility system (emphasis added), support pre-operational planning

assessments, and provide technical integration with Tank Farm Contractor waste feed
staging and product acceptance activities. The Contractor will, at a minimum, use the

following models:...” Standa

rd 2, (b).
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Waste treatment capacity for each major facility is defined as a product of the facility
design capacity (facility nameplate design capacity) multiplied by the overall individual
facility availability factor. The Contractor is to establish the facility design capacity
through its engineering processes. The Contractor is to establish the facility availabiiity
factor from the Operational Research Assessments (emphasis added) as defined in
Standard 2 (b) (1) Operational Research Assessments of the Waste Treatment and
Immobilization Plant. Section C.7 (b)

During the design process the WIP waste treatment capacity shall be demonstrated using
process modeling. (emphasis added) The WTP waste treatment capacity will be verified
through the plant testing performed during commissioning tests conducted in accordance
with Standard 5, Commissioning. Section C.7 (b)

The “Design Process Plan and Description” (24590-WTP-PL-ENG-01-004), requires that:

“Process operations confirms the design (emphasis added) through the ACM, the capacity
model G2, and the operations research (OR) model Witness, which are reviewed by DOE.”
Section 3.3, page 14.

Assessment

Historical assessments using the TUA were completed to assess the adequacy of vessel sizing in
the WTP design. These assessments were completed prior to the identification of design and
process flowsheet issues identified in the ORP UFP Oversight. BNI has proposed specific
changes to the WTP design and process flowsheet to modify the design to support the design
requirements (CCN: 106650). These issues have not been evaluated in the TUA Model to ensure
design adequacy. ORP has provided further guidance for BNI to verify design adequacy (05-
WED-032) using the TUA Model. This analysis has not been completed. Thus, the adequacy of
the WTP design, and potential design and operational changes, identified by BNI has not been
verified.

5. Has BNI maintained configuration control to manage the models and analyses?
Assessment

BNI maintains configuration control of the models according to requirements in their procedure
24590-WTP-GPP-IT-008, Software Life Cycle Management and processes defined in 24590-
WTP-GPP-PT-013, Lifecycle Control of Process Models.

The review team found configuration control of the TUA acceptable.

QOther Technical Questions

1. Does the Tank Utilization Assessment model support BNI’s commitment in their two
HLW melter and two LAW melter proposal (CCN: 039390) to process all Hanford tank
waste in a seventeen year operational period? If not, why not?

Page 50 of 105
Official Use Only



Page 63 of 127 of DA01781097

U.S. Department of Energy January 2006 Technical Design Oversight
Office of River Protection WTP Process Models
Assessment

The mission run in the TUA was completed to support an assessment of the benefits of oxidative
leaching in reducing the number of HLLW glass canisters produced. Oxidative leaching treatment
of the HLW sludge is one strategy to reduce the HLW canister production requirement. These
results showed that the IHLW canister production requirements without and with oxidative
leaching is ~35,000 and ~23,000 canisters respectively. Based upon average HLW vitrification
capacity of 480 canisters/year this corresponds to 73 to 48 years of production operations.
Estimates by CHG for the December 2005 Development Run have estimated canister production
at 11,100 canisters corresponding to 23 years of operation.

The primary reasons for the TUA not showing that the HLW production can be completed in 17
years include:

e HLW glass waste loading assumptions, based upon the WTP contract, which project lower
waste incorporation rates

e Use of outdated wash and leach factors, primarily for sulfate, which leads to higher
concentrations of sulfate in the washed sludge, thereby increasing waste loading

¢ Uncompleted ultrafiltration system design improvements which slow the treatment rate of the
Pretreatment facility.

Because of the use of these major assumptions, the capability of the WTP facilities to meet
ORP’s strategic goals cannot be met. It is also possible that the WTP design has other issues
which have not been identified. These issues will be evaluated in an ORP requested TUA
assessment {05-WED-032) to be completed by BNL

2. Can management of secondary waste support potential increases in flush volume due to
hydrogen in pipes and ancillary vessel control strategies?

Assessment

BNI has not finished development of the design approach for hydrogen mitigating strategy.
Therefore, the Tank Utilization model does not include elements of the hydrogen mitigation
strategy. No conclusions about tank utilization and capacity can be reached until the additional
flush volume and frequencies are assessed in the Tank Utilization model.

Assuming the hydrogen mitigation strategy for pipes and ancillary vessels results in increases in
flush volumes, the plant wash vessel (PWD-VSL-00044) would be used to collect additional
flush volume before processing in the feed evaporator process (FEP) system. BNI has assessed
the utilization of the plant wash vessel PWD-VSL-00044 during sequential alkaline and
oxidative leaching run conditions for the mission duration (24590-WTP-MRR-PO-05-006,
scenario 4.0.82). The batch volume of waste solution in plant wash vessel PWD-VSL-00044
varies from minimum heel to a maximum of ~65,300-gallons (March 10, 2023}, which is ~94%
of the maximum batch volume (69,166-gallons) allowable in this vessel. The batch volume of
waste solution in plant wash vessel PWD-VSL-00044 is frequently in excess of 80% of the
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maximum batch volume, as shown in Figure B-2.
The additional flush volumes generated from the hydrogen mitigation strategy must either not
result in exceeding the maximum batch volume in PWD-VSL-00044 or more frequent transfers

of waste solutions to the FEP system must occur.

3. What opportunities exist to simplify the Pretreatment flowsheet to increase
effectiveness of process operations?

Assessment
Table B-2 identifies several opportunities to simplify the Pretreatment flowsheet to increase
effectiveness and potentially mitigate issues with unwanted solids formation observed in the

ACM Steady State Flowsheet model.

Table B.2 Opportunities to Simplify Pretreatment Flowsheet

Stream Current Proposed Change Benefit
Disposition
Oxidative leachate | Routed to FEP Route to TLP Reduces IHLW
solution from UFP- | system system glass produced by
VSL-00062C avoiding potential

precipitation and
recycle of chromium
to UFP system

Cesium nitric acid | Routed to CNP Route directly to Eliminates CNP
eluate stream system for HLP system
evaporation,

recovery and re-use
of nitric acid. CNP
concentrate routed

to HLP
Cesium 1on First 1,300 gallons | Route to TLP Simplifies chemistry
exchange caustic of caustic system and avoid potential
regeneration regeneration solids precipitation
solution solution is routed to issues.

PWD-VSL-

00015/16 and then

to the FEP system,

Second 1,200-
gallons of caustic
regeneration
solution is recycled
to CXP-VSL-00005
for use in displacing
the LAW feed from
the cesium ion
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Table B.2 Opportunities to Simplify Pretreatment Flowsheet

exchange column
elution with nitric
acid

the down-flow
direction; same as
LAW load direction

flow direction

Stream Current Proposed Change Benefit
Disposition
exchange column.
Cesium ion Column is eluted in | Elute column in up- | Reduces cross

contamination of
resin and head space
in column; removes
solids that may have
collected /
precipitated in
column

4. Do material balances for key streams close?

Assessment

The TUA report does not provide material balances or process volume balances for key waste
streams nor was this information located by the Oversight Team in the model run reports

accompanying the TUA report. These are necessary to ensure that the results from the TUA are

valid.
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Figure B-2 Plant Wash Vessel PWD-VSL-00044 Utilization for 2023
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APPENDIX C
WTP STEADY STATE FLOWSHEET ASSESSMENT, DELIVERABLE 2.7

Contract Compliance Questions

1. Do the material balances estimate the quantity of ILAW, IHLW, and relevant
secondary streams for the three feed tank compositions analyzed?

The 2005 WTP Material Balance and Process Flowsheet Assessment reported annual estimates
of IHLW, ILAW, and Pretreated LAW. Data was included for all significant points in the WTP
process. Modeled streams included applicable data for physical properties, gas composition,
aqueous composition, and solid composition. Stream results were documented in:

e 24590-WTP-MRR-PO-05-018, Rev 0, Steady-State Flowsheet (AES) Version 4.0, AP-101
with AY-102/C-106 Blended Run for Deliverable 2.7.

e 24590-WTP-MRR-P0O-05-007, Rev |, Steady-State Flowsheet (AES) Version 4.0, SY-102
Oxidative Leaching Run for Deliverables 2.7 and 2.8.

s 24590-WTP-MRR-PO-05-019, Rev 0, Steady-State Flowsheet (AES) Version 4.0, AZ-101
Run for Deliverable 2.7.

Production of primary waste streams for the three model runs are summarized in the following

table:
Table C-1 Primary Waste Stream Production Rates

Stream AY-102/AP-101 SY-102 AZ-101 Nameplate

Capacity

IHLW glass 5.9 MT/d 2.3 MT/d 2.5 MT/d 6 MT/d
ILAW glass 30 MT/d 30 MT/d 30 MT/d 30 MT/d
ILAW units/year | 1320 1400 1490
Pretreated LAW | 3210 2110 3680 3400
units/vear

Assessment: The 2005 WTP Material Balance and Process Flowsheet Assessment provided the
required estimates of primary and secondary streams.

2. Does the Steady State Flowsheet assessment provide annual estimates for ILAW,
IHLW, and relevant secondary streams?

24590-WTP-MRR-PO-05-018, 24590-WTP-MRR-PO-05-007, and 24590-WTP-MRR-PO-05-
019 provided estimates of primary and secondary streams in kilograms per hour. These can
readily be converted to annual estimates.

Assessment: The 2005 WTP Material Balance and Process Flowsheet Assessment provided the
required estimates of primary and secondary streams.
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3. Is the Steady State Flowsheet consistent with the latest process verification testing,
product qualification activities, and feed characterization information, as appropriate?

Waste feed composition used in the Steady State Flowsheet was based on reconciled Research
and Development characterization data obtained from tank waste samples provided to the WTP
project. The reconciliation process was documented in three memoranda (CCN: 087361 for AY-
102, CCN: 087360 for AP-101, and CCN: 092312 for AZ-101.

The Steady State Flowsheet predicted precipitation reactions that were not observed in the Semi-
Integrated Pilot Plant testing with the AY-102/AP-101 simulant. This is discussed further in
Other Technical Questions 1 and 2 below.

BNI has a process to reconcile research and technology test report results with WTP models and
associated basis documentation, This process is described in P&0-2003-DI-PO-001, Desk
Instructions, Process Operations: Document and Data Review Tracking. A Review Tracking
Coversheet is prepared for each test report documenting BNI's assessment of results and
identifying required changes to models or associated basis documentation. Change requests are
prepared when revisions to models or associated basis documentation is required.

BNI tracks progress in reconciling test reports. Figure A-1 presents the current status and
projection for reconciling test reports with models and associated basis documentation. Based on
discussions with BNI, over 150 reports are issued that have not been reviewed for reconciliation.
Completion of the reconciliation process is projected to extend through 2007. BNT also stated
this schedule may be extended as a result of FY 2006 project funding levels. The review team
considers review of research and technology test reports to reconcile models and basis
documentation critical to assuring the WTP design has appropriate technical underpinning,
Completion of review and reconciliation of data in test reports is critical to support the project’s
objective to provide appropriate separation between design and construction to reduce project
risk to more reasonable levels. Information learned from research and technology reports has the
potential to impact facility equipment design, waste routing, process flowsheet design, and
operational performance.

Comparison of Steady State Flowsheet results with product qualification activities was not
performed in this design oversight.

Assessment:

BNI has a systematic process to verify that the Steady State Flowsheet is consistent with the
latest process verification testing, product qualification activities, and feed characterization
information. However, this verification is not complete or current putting WTP process design
and associated facility equipment design at risk.

4. Has BNI demonstrated WTP waste treatment capacity using process modeling? Plant
capacity requirements include:
a. Pretreatment
1. Basis of Design (BOD) availability of 80%
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2. HLW Pretreatment shall support vitrification of an average of 480 canisters of
THLW per year.

3. LAW Pretreatment shall process and average of 2,200 Na waste units per
year. BNI shall notify DOE if the governing unit operation drops below 3400
total Na units per year or predicted availability drops below 2950 total Na
units per year (~86% availability if governing unit is 3400 total Na units per
year).

1. BOD availability of 70%
2. Produce an average of 480 canisters per year assuming 1.16 cubic meters of
glass per canister

1. BOD availability of 70%
2. Produce glass with an average of 733 Na waste units per year.

The Material Balance and Process Flowsheet Assessment assumed processing was performed
365 days per year and did not provide an assessment of availability.

The Steady State Flowsheet provides an indication of the production rate that could be achieved
while processing the specific feed being analyzed with 100 percent availability. Accordingly,
the oversight compared production rates achieved in the Steady State Flowsheet against facility
nameplate production rates specified in the WTP Contract and Basis of Design. If the nameplate
production rate was not achieved the oversight team evaluated potential rationale for the lower
than nameplate performance.

Nameplate production rates assumed in this analysis were as follows:

Pretreatment
s 3400 LAW units per year
e 6 MT IHLW glass per day
HLW
e 6 MT glass per day
LAW
e 30 MT glass per day

All three feeds analyzed in the Steady State Flowsheet assessment failed to achieve Contract
nameplate capacities. Treatment of AP-101/AY-102 was the only feed that approached the
nameplate capacity for HLW of 6 MT glass per day.

To approach the HLW nameplate capacity for AP-101/AY-102, BNI modified the operating
approach to run the UFP trains in parallel. 24590-WTP-MRR-PO-05-018, Rev 0 stated the
following “1) for UFP - the cycle time >= Y * (time to concentrate solids + time to treat solids).”
BNI has not demonstrated that tank utilization while operating in this mode is feasible. ORP
requested a G2 Model Run (ORP Letter, 05-WED-032) to evaluate potential enhancements to the
WTP ultrafiltration process. Enhancements expected to be evaluated in this assessment include
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operating the UFP trains in parallel.

For AZ-101, Contract capacity for treatment and immobilization of HLW was not demonstrated.
The assessment attributes the low THLW production to low solids concentration in the feed
coupled with the Cs ion exchange constraint of 7.5 gpm while processing Envelope B AZ-101
supernatant, The BARD states this limit was established to be consistent with laboratory testing.

AZ-101 solids are currently planned to be blended with C-102 solids to reduce the hydrogen
generation rate associated with this material. This blending should allow delivery of slurry with
higher solids content and facilitate IHLW production. Future model runs should place less
emphasis on the AZ-101 feed because it will not be provided to WTP for treatment in its current
state.

The BARD specifies reduced processing for Envelope B (AZ-101 and AZ-102) supernatant.
AZ-102 supernatant will be blended with other lower sulfate supernatant and should not be
constrained to 7.5 gpm while processing. AZ-101 supernatant will be commingled with other
waste supernatant in the process of blending the AZ-101 solids. BNI should define criteria for
blending the AZ-101 supernatant to allow processing at higher rates. CHZMHILL plans for
managing the AZ-101 supernatant should consider these criteria.

The caustic leaching process modeled in the flowsheet was not effective in removing solid
aluminum from the HLW solids. Figure 3-1 of the 2005 WTP material Balance and Process
Flowsheet Assessment shows that HLW solids delivered to WTP include 5.20 kg Al per hour.
The Figure also shows concentrated solids sent to HLW vitrification include 6.03 kg Al per hour.
The overall solids pretreatment process is precipitating soluble aluminum into HLW solids
resulting in increased production of IHLW. The process does not meet the Contract
Specification 12 performance standard for caustic leaching.

The caustic leaching flowsheet included in the Steady State Flowsheet Assessment is not
consistent with the flowsheet included in the TUA. Changes were made to the TUA flowsheet
that predict and add increased levels of caustic to improve Al solubility. Similar changes, if
implemented in the Steady State Flowsheet Assessment may improve caustic leaching
performance. Little progress has been made over the past two years by BNI in developing and
assessing an effective caustic leaching process with the Steady State Flowsheet. If uncorrected,
the BNI flowsheet will result in unacceptable HLW solids pretreatment and unreasonably
increase the quantity of HLW glass produced over the mission and extend mission duration.

The projected IHLW production rate of 2.5 MT IHLW per day would be lower if an effective
caustic leaching process were implemented. Waste loading would increase in the IHLW
resulting in less required glass production per quantity of HLW solids treated. The Tank Farm
Contractor plans to blend the AZ-101 solids with C-102 solids. Future assessments should place
less emphasis on the AZ-101 feed.

For SY-102, BNT has not demonstrated required nameplate performance for both HLW and
LAW treatment. BNI attributed the reduced LAW capacity to lack of LAW feed associated with
the HLW feed. BNI attributed the reduced HLW capacity to high HLW glass waste loading and
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sodium oxalate precipitation in the Plant Wash Drain system being recycled to the UFP process
and occupying space required to treat HLW solids.

See Other Technical Questions 1 and 2 below for a details discussion of the sodium oxalate
precipitation issue.

5. Has BNI maintained configuration control to manage the models and analyses?

BNI maintains configuration control of the models according to requirements in their procedure
24590-WTP-GPP-IT-008, Software Life Cycle Management and processes defined in 24590-
WTP-GPP-PT-013, Lifecycle Control of Process Models.

24590-WTP-MRR-PO-05-018 stated the following, “The Steady-State Flowsheet (AES) Version
4.0 was verified and validated and was documented in the Steady-State Flowsheet (AES) Version
4.0 Verification and Validation Report (24590-WTP-VV-P0O-05-003). This model run (24590-
WTP-MRQ-PO-05-0035) was executed on the baseline AES Version 4.0 with scenario specific
modifications as described in the Run Plan. The model inputs and results have been verifted and
validated in accordance with the requirement in the Lifecycle Control of Process Models (24590-
WTP-GPP-PT-013) procedure.”

Assessment: The review team found configuration control of the Steady State Flowsheet
Assessment acceptable.

Other Technical Questions

1. Are precipitation reactions predicted and observed in the Steady State Flowsheet
results? Do precipitation reactions present operations issues?

The ACM Steady State Flowsheet model does include prediction of some precipitation reactions,
which is an improvement over previous versions of this model. However, the model does not
track all solid compounds known to be present in the feeds analyzed. For example, the Tank
Farm contractor has conducted mixing tests with tank AP-101 supernate and tank AY-102 solids
with supernate (see letter 7S110-RWW-04-029, 241-AP-101 / 241-AY-102 Mixing Study Report).
These tests indicate dawsonite (NaAICO3(OH),) is present in the AY-102 solids and may
dissolve when mixed with AP-101 supernate. Additional studies conducted by the Tank Farm
Contractor with tank AY-102 solids have resulted in the identification of several solids phases,
including dawsonite (NaAlCO3(OH),) and cancrinite (NagCa) sAlgSigO24(CO1)1 6) (see letter
78110-DLH-03-007, Caustic Demand Test Results, Tank 241-AY-102 Sludge). Similar studies
with AZ-102 solids have also tentatively identified the presence of dawsonite in this waste as
well (see letter CH2M-0205411.1, Caustic Demand Test Results, Tank 241-AZ-102 Sludge).

Dawsonite and cancrinite solid phases are not tracked in the ACM Steady State Flowsheet
model, as indicated by their absence from Table 3-1 on page 35 and Table A-5 on page A-5 of
the WTP Material Balance and Process Flowsheet Assessment report. Discussions with BNI
personnel on December 14, 2005 confirmed the ACM Steady State Flowsheet model does not
include these solid phases.
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The ACM Steady State Flowsheet model has not been updated to include the aluminum
solubility correlation developed by BNI. BNI has incorporated an aluminum solubility
correlation in the 2005 WTP Tank Utilization Assessment. Therefore, insufficient sodium
hydroxide is added in the ACM Steady State Flowsheet model to maintain aluminum in solution
during alkaline leaching of HLW sludge. This leads to inaccurate prediction of precipitation
issues, HLW glass composition / mass and LAW glass composition / mass.

Assessment: The Steady State Flowsheet has made significant advancements in its ability to
predict precipitation reactions. Further work is required to better understand and predict WTP
process flowsheet performance. This information is required to demonstrate treatment capacity
and confirm facility design and performance.

2. Have solutions to precipitation issues been proposed and implemented?

BNI has identified potential solutions to precipitation issues listed in Table C-3. BNI is still
evaluating the identified precipitation issues to determine appropriate implementation of
resolutions. BNTI has identified precipitation issues and proposed solutions relating to the FEP
and UFP systems, but has not implemented proposed solutions.

Precipitation of 5.8% solids in the LAW treated concentrate vessel (TCP-VSL-00001) was
identified in the AP-101/AY-102 Steady State Flowsheet Assessment. BNI stated this result is
inconsistent with observations in the Semi-Integrated Pilot Plant (SIPP). BNT stated further work
is required to reconcile flowsheet data with SIPP results, assess mixing capability, and assess
vessel design criteria including erosion allowances.

The Oversight Team has identified the following additional precipitation issues as a result of this
Oversight.

¢ Sodium oxalate management resolution will increase HLW glass mass - BNI has
proposed the following resolution to the recycle and precipitation of sodium oxalate during
the processing of SY-102: “The run results reported for SY-102 are for the haseline process
as described in the BARD. No attempt has been made to optimize the caustic and oxidative
leach processes. It is noted in the AZ-101 evaluation that a scoping run was made using the
UFP rigorous model to determine the affect of reducing the wash volume after caustic
leaching on sodium oxalate dissolution. By reducing the wash volume to less than 1
concentrate volume, essentially all the sodium oxalate could be prevented from dissolving.”

The SY-102 glass formulation is already at 88% of the total alkali limit (page 36, Table 3-2)
and boric acid (a glass former not planned for use in the WTP) must be added during HLW
Vitrification to avoid increasing the glass mass (top of page 33). Reducing the UFP wash
volume to prevent sodium oxalate from dissolving will increase the mass of sodium in the
UFP concentrated solids and would increase the mass of HLW glass produced from
processing SY-102. BNI should assess sending the UFP wash solution forward to the CXP
system to avoid sodium oxalate re-precipitation and addition to the UFP concentrated solids.
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Solids blockage of Cs ion exchange column - The waste solutions recycled to the ion
exchange system (stream CXP09) are predicted to contain solids; 0.115 kg/hr for AZ-101
(page C-8), 0.128 kg/hr for AY-101/AP-101 (page C-20), and 0.14 kg/hr for SY-102 (page
C-32). The UFP permeate from processing SY-102 is also predicted to contain 0.0482 kg/hr
(18.8-ppm) solids (stream UFP33, page C-32). These solids will accumulate in the lead ion
exchange column, cause blockage during LAW solution processing, and interruption of
waste treatment processing. BNI should assess sending stream CXP09 forward to the TLP
system to avoid solids blockage in the cesium ion exchange column.

Solids formation in treated LAW solution from Cs ion exchange column — The ACM
model predicts an increase in the mass flow rate (kg/hr) of solids in the pretreated LAW
solution exiting the ion exchange columns (stream CXP08) relative to the CXP feed solution
(stream CXPO1) for AZ-101 and SY-102 wastes. This may be due to precipitation of solids
in the cesium ion exchange column or an artifact of the ACM model architecture (e.g.
column regeneration solutions blended with pretreated LAW solution post ion exchange
column). Precipitation of solids in the cesium ion exchange columns would lead to blockage
and interruption of waste treatment processing. BNI should investigate the cause for solids
formation in stream CXPOS).

Solids in Feed Evaporator condensate - During processing of SY-102 waste, the ACM
model predicts the solids content of stream RLDO1 is 366-ppm (0.96 kg solids / hour +
2.62E+03 kg total mass / hour). The main source of these solids is stream FEP12,
condensate from the feed evaporator process system, which contains 2.51 kg of solids / hour.
Process condensate from the feed evaporator should not contain solids. BNI should
investigate the cause for solids formation in steam FEP12.

Assessment: BNI has identified potential solutions to some of the precipitation issues observed
in the Steady State Flowsheet. However, the review team found that several precipitation issues
were overlooked by BNI. Further work is required to better understand precipitation issues and
development of potential solutions. This information is required to demonstrate treatment
capacity and confirm facility design and performance.

3.

Do material balances for key streams close?

The material balances for key waste streams were manually verified to close.

Assessment: The review team found closure of the material balances for key waste streams to be
acceptable.

4, What opportunities exist to improve the capability of the Pretreatment process

flowsheet?

BNI has identified in the ACM Steady State Flowsheet model that solids form during recycle of
several waste solutions (¢.g. ultrafiltration system wash solution recycled to the waste feed
evaporator system and ion exchange regeneration solution recycled to the ion exchange feed
vessel). The formation of additional solids affects the throughput of the ultrafiltration system,

Page 65 of 105
Official Use Only



Page 78 of 127 of DA01781097

U.S. Department of Energy January 2006 Technical Design Oversight
Office of River Protection WTP Process Models

could lead to blockage of the cesium ion exchange column, and increase the mass of HLW glass.

BNI should accelerate their ongoing effort to validate the accuracy of their thermodynamic
model through reconciliation of completed Research and Testing reports. BNI should assess
sending these waste solutions forward in the process and / or transfer problematic waste streams
to Supplemental LAW Treatment to avoid these operational issues. See the Open Item under
Other Technical Questions number 2.

The Steady State Flowsheet model feeds the leachate from the ultrafiltration process forward to
the cesium ion exchange process. Feeding the leachate forward to the cesium ion exchange
process could result in the feed composition changing during the loading cycle. Changing the
feed composition during the loading cycle of the cesium ion exchange process will resuit in
changing the equilibrium between competing cations (e.g. Na, K and Cs) with the resin and may
result displacing cesium from the resin. The Steady State Flowsheet model does not assess the
impacts from changing feed compositions during the ion exchange loading cycle. BNI should
use the G2 model to predict the changes in the ion exchange feed composition during processing
and then use a first principles cesium ion exchange model to predict impacts from changing the
feed (WSRC-TR-2004-00100 and BNF-003-98-0220).

Assessment: BNI has continued to increase the level of technical maturity of the Steady State
Flowsheet model. Validation of the model through reconciliation of completed Research and
Testing reports still needs to be completed. The Steady State Flowsheet model provides a
resource for assessing potential solutions to precipitation issues and demonstrating treatment
capacity. The assessment team found BNI has not fully exercise the model for this purpose.
This information is required to demonstrate treatment capacity and confirm facility design and
performance.

Table C-2 identifies several opportunities to simplify the Pretreatment flowsheet to increase
effectiveness and potentially mitigate issues with unwanted solids formation observed in the

ACM Steady State Flowsheet model.

Table C.2 Opportunities to Simplify Pretreatment Flowsheet

Stream Current Disposition | Proposed Change Benefit
Oxidative leachate | Routed to FEP system | Route to TLP Reduces IHLW glass
solution from UFP- system produced by avoiding
VSL-00062C potential

precipitation and
recycle of chromium

to UFP system
Cesium nitric acid | Routed to CNP Route directly to Eliminates CNP
eluate stream system for HLP system

evaporation, recovery
and re-use of nitric
actd. CNP
concentrate routed to
HLP
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Table C.2 Opportunities to Simplify Pretreatment Flowsheet
Stream Current Disposition | Proposed Change Benefit
Cesium ion First 1,300 gallons of | Route to TLP Simplifies chemistry
exchange caustic caustic regeneration system and avoid potential
regeneration solution is routed to solids precipitation
solution PWD-VSL-00015/16 issues.
and then to the FEP
system. Second
1,200-gallons of
caustic regeneration
solution is recycled to
CXP-VSL-00005 for
use in displacing the
LAW feed from the
cesium ion exchange
column.
Cesium ion Column is eluted in Elute column in up- | Reduces cross
exchange column | the down-flow flow direction contamination of
elution with nitric | direction; same as resin and head space
acid LAW load direction in column; removes
solids that may have
collected /
precipitated in
column

Table C-3 2005 WTP Material Balance and Process Flowsheet Assessment; BNI

Identified Solutions to Precipitation Issues

Page

Text

Page viii, 5" Par.

Envelope B/D (AZ-101) Summary

“Changes to the washing process after caustic leaching,
such as adding sufficient caustic to control aluminum
precipitation, may improve waste loading.”

Page ix, 2" Par.

Envelope A/D (SY-102) Summary

“For waste tanks containing oxalate, operational changes to
the UFP washing cycle may significantly benefit IHLW
production.”

3.1.3.1.2, 1* Par.

Page 15, (AZ-101) Section

“Approximately 16 % of total aluminum received into the
ultrafiltration process is from the FEP evaporator, which
contains concentrated recycle streams. During mixing and
cooling, gibbsite (AI(OH)3) precipitates. This
precipitation is attributed to cooling. During this step, the
total solid gibbsite increases by a factor of 3.6 above the
amount in the original feed. Noticeable gibbsite
precipitation is observed during initial cooling in UFP-
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Table C-3 2005 WTP Material Balance and Process Flowsheet Assessment; BNI
Identified Solutions to Precipitation Issues

Page Text
VSL-00001A/B, where a factor of two times more gibbsite
Page 15, (AZ-101) Section solids are sent to HLW Vitrification than are received in
3.1.3.1.2, 2™ and 3™ Par. the WTP from the tank farms.”

“Increasing the sodium hydroxide concentration in the
caustic leach step and/or increasing the sodium hydroxide
concentration in the wash water and reducing the volume
of wash water may reduce the amount of aluminum sent to
the HLW Vitrification.”

“An additional analysis using only the UFP rigorous
chemistry model was performed to examine the effects of
reducing the volume of wash water used after leaching,
The test involved reducing the wash water volume to about
25 % of original. The results show that reducing the wash
volume prevented sodium oxalate solids from re-dissolving
and less gibbsite precipitated in the washing step.
Additional studies with the rigorous chemistry models
around UFP can be performed to improve the process.
Based on this single evaluation, it is likely that adjustments
to the amount of sodium hydroxide and wash volume can
be made that will improve the overall aluminum
dissolution efficiency for caustic leaching.”

Page 19, Section 3.1.4 AZ- “No unexpected or unusual amounts of solids are

101 Conclusions, 1* Par. precipitated in the plant. Additional improvements to the
leach process would be necessary to maximize aluminum
dissolfution if this tank were to be campaigned through the

facility.”
Page 23, (AP-101/AY-102) “Recycled solids (including sodium oxalate and sodium
Section 3.2.3.1.2 silicate octahydrate) account for 21.5 % of the total solids

fed to the ultrafiltration blend vessels. Unlike the SY-102
flowsheet (Section 3.3.3.1.2.1), the recycled solids did not
inhibit solids throughput enough to make uitrafiltration the
limiting unit operation. It is noted that operational
approaches to reduce the amount of recycles, such as
reducing wash volume and increasing the pH of the wash,
have not been included in this investigation.”

Page 26, Section 3.2.4 AP- “In addition to the sodium silicate octahydrate and sodium
101/4Y-102 Conclusions, 1% | oxalate solids formation in UFP, sodium carbonate solids
Par. form in the Treated LAW Evaporator (TLP); however, the
solids concentration is low, so it is not expected to cause
operational problems.”

Page 28, (SY-102) Section “The SY-102 HLW pretreated feed production is 58.3 kg
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Table C-3 2005 WTP Material Balance and Process Flowsheet Assessment; BNI
Identified Sclutions to Precipitation Issues

Page Text
33.3.1.1.1, 5" Par. And solids/hr, resulting in 2.3 MTG per day IHLW. The reason
Page 29, 1° Par. for this limited production rate is primarily the high oxalate

concentration of the feed, combined with the benefits of
increased waste loading resulting from oxidative leaching.
HLW production is limited due to the small size of the
batches transferred to HLP-VSL-00027A/B, resulting from
the dissolution/precipitation of sodium oxalate. Sixty
percent of solids in a concentrated solids batch are sodium
oxalate. During treatment of the batch of solids, 86 % of
the sodium oxalate dissolves. Much of the dissolved
sodium oxalate is recycled to the next UFP batch as a solid
by way of the FEP evaporator. Details of this phenomenon
are discussed in the oxidative leaching section below.

The SY-102 UFP process is performed based on two trains,
such that one train is concentrating solids while the other
train is treating solids. This is the baseline operating plan
described in the UFP System Description (24590-PTF-
3YD-UFP-00001). However, based on the results of this
run, HLW production is limited by the UFP process. As
discussed earlier in this section, the time to concentrate a
batch of solids to 20 % solids is 62 hours and the time to
treat the solids is 92 hours. This means that changing the
filter operating approach to two trains operating in parallel
could gain al 33 % improvement.”

Page 30, (SY-102) Section “Recycled solids (including sodium oxalate) account for 52
3.3.3.1.2.1, 1* Par. % of the total solids fed to the ultrafiltration blend vessels.
It is noted that operational approaches to reduce the
amount of recycles, such as reducing wash volume, have
not been included in this investigation.”

Page 33, Section 3.3.4 SY- “The run results reported for SY-102 are for the baseline
102 Conclusions, 2™ Par. process as described in the BARD. No attempt has been
made to optimize the caustic and oxidative leach processes.
It is noted in the AZ-101 evaluation that a scoping run was
made using the UFP rigorous model to determine the affect
of reducing the wash volume after caustic leaching on
sodium oxalate dissolution. By reducing the wash volume
to less than 1 concentrate volume, essentially all the
sodium oxalate could be prevented from dissolving.”

Page 34, (SY-102) Section “For the SY 102 run, the FEP solids concentration is greater
3.4, 1% Par. than 8.9 wt% (10.2 wt% solids); however, the wt% solids
constraint does not apply for the reasons which follow.”
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APPENDIX D

WTP OPERATIONS RESEARCH, TANK UTILIZATION, AND
STEADY STATE FLOWSHEET ASSESSMENT QUESTIONS ASKED BY
THE DESIGN OVERSIGHT TEAM

The following questions were presented to BNI during the design oversight and were discussed
with BNI on December 13-15, 2005. BNI provided written responses on January 11, 2006.

Operations Research Assessment, Deliverable 2.5

Questions

1. ES, second para. page viii. The Executive Summary states that “When RAM data was
activated for these four integrated facilities, the WIP met the requirements specified in the
WTP contract Statement of Work (DE-AC27-01RV14136) of producing 480 canisters per
year of immobilized HLW and 733 Na waste units of immobilized LAW per year.”

A determination of the treatment capacity, as stated above, requires an understanding of the
design capacity and availability as determined by the OR Model. What is the design capacity
of each of the WTP facilities and where is this design capacity documented and verified?
What role does the Dynamic Model have in determination of the design capacity? (LH)}

As stated in Section 1.0, the OR Model baseline design capacity is:
PT - 80 MTD LAW glass production equivalent

LAW -30 MTD of ILAW

HLW - 6 MTD of IHLW

Desien capacity is documented in Basis of Design and implementing design calculations.
The dynamic model demonstrates plant performance under various feed conditions. The

dynamic model does not determine design capacity.

2. Executive Summary, page viii. The availability of the PT, HLW and LAW facilities is stated
as 83%, 82% and 72% respectively. Based upon this data the “availability” of the HLW
system (HLW Pretreatment and HLW Vitrification) is 68% (83% x 82%) and the LAW
system (LAW Pretreatment and HLW Vitrification) is 60% (83% x 72%). These system
availabilities are further modified, although slightly, by the availability of the LAB and BOF.

Considering the “composite” availability (e.g. “When RAM data was activated for these four
integrated facilities... ") is the following statement still correct “the WTP met the
requirements specified in the WIP contract Statement of Work (DE-AC27-01RV14136) of
producing 480 canisters per year of immobilized HLW and 733 Na waste units of
immobilized LAW per year.?

Scenario 1 integrated all plant failures. The results for “composite” availability are found in
Section 3.5 of the OR Assessment Report and confirm that the facility availabilities support
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the treatment capacities specified in the WTP Contract Statement of Work.

What are the availabilities of the LAB and BOF? (LH)

The LAB availability was not determined individually for this assessment. However. the
impact of LAB failures is included in evaluations_of other facilities. The BOF availability
was evaluated by Relex. and was deter