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Abstract

Savannah River Site has fifty-one high level waste tanks in various phases of operation
and closure. These tanks were originally constructed to receive, store and treat the high
level waste created in support of the missions assigned by the Department of Energy
(DOE). The Federal Facilities Agreement (FFA) (Reference 1) requires the high level
waste (HLW) to be removed from the tanks and stabilized into a final waste form as well
as closure of the tanks following waste removal. The FFA closure date for Tank 18 is
March 2004.

Waste removal was previously performed on Tank 18 in 1986-1987. A heel of about
37,000 gallons of sludge remained. Closure in 1997 of Tanks 17 and 20 resulted in an
additional 8,000 gallons of sludge being added to Tank 18. Closure of Tank 19,
currently in progress, is expected to result in an additional 33,000 gallons of sludge
being added to Tank 18. The resultant 78,000 gallons of sludge must.be removed from
Tank 18 in time to support the March 2004 closure date.

The Waste Removal Line Item Project S-W183 contains baseline scope and technology
to retrofit Tank 18 with waste removal equipment. The baseline scope was exactly the
same as the scope used in 1986-1987 that resulted in the large sludge heel described
above. Though the technology was inadequate in that regard, it did serve to provide a
financial placeholder in the Line ltem Project until a more robust scope evaluation could
be completed. :

A formal Systems Engineering Evaluation (SEE) for Tank 18 was completed between
October 2000 and February 2001. The purpose of the evolution was to determine the
methodology, equipment and transfer routes to successfully meet the project mission.

This document contains the results of the evaluation and a recommendation for the
waste removal process, equipment and strategy to be employed on Tank 18.
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1.0 Executive Summary

Savannah River Site has fifty-one high level waste tanks in various phases of operation
and ciosure. These tanks were originally constructed to receive, store and treat the high
level waste (HLW) created in support of the missions assigned by the DOE. The FFA
(Reference 1) requires the HLW to be removed from the tanks and stabilized into a final
waste form as well as closure of the tanks following waste removal.

The methodology to remove and transfer the high leve!l waste from Tank 18 to another
HLW tank is the focus of this report. The purpose of waste removal and transfer is to
accommodate the eventual closure of Tank 18. This work is in support of the Line ltem
Project S-W183.

Removal and transfer of waste from other HLW tanks has been accomplished, but not
without difficulty. The methods initially baselined to remove and transfer Tank 18 waste
are no longer considered cost-effective. The HLW Tank 18 Waste Removal Systems
Engineering Evaluation Team (Team) was formed to conduct a systematic evaluation to
identify, evaluate, and recommend cost-effective and safe technology and transter
methods for Tank 18 waste. The Team considered prior methods, other alternatives,
and new technologies. A Systems Engineering Evaluation (SEE) approach was used to
ensure that a comprehensive study was completed. Risk assessments of proposed
ideas and strategies provided significant information upon which to facilitate Team
decisions.

The overall strategy recommended by the Team is summarized below:

e Prepare the Bulk Waste in Tank 18 (Function F.1). The recommendation is to
develop and deploy a modified Advanced Design Mixing Pump (ADMP) to suspend the
waste in a slurry thus enabling the waste to be transferred to another tank. The
modified ADMP would have the same pump characteristics as the current ADMP, but it
would be modified to fit into a 2-foot diameter riser. The smaller size enabies the
modified ADMP to fit into all 33 remaining waste removal tanks, whereas, the existing
ADMP can only be used in nine of the remaining tanks. There is risk associated with
this recommendation due to the probable time required to develop a totally new “wet
end” to the ADMP versus the amount of schedule left on Tank 18. The risk mitigation
invoives refurbighing the unmodified ADMP and having it ready to install in Tank 18 in
the event that the modified ADMP development takes too long.

« Transfer Non-Heel Bulk Waste to another HLW Tank (Function F.2). The
recommendation is to use a Bibo pump as the prime mover. This is a standard,
industrial grade, sump pump similar to the pump in current use on Tank 19. The
recommendation also includes the completion of a tie-in from Tank 18 to Tank 7 by
connecting the existing lines from Tank 18 to the F-Area Diversion Box -1 (FDB-1) and
Tank 1 to Tank 7. This will provide a direct underground foute from Tank 18 to Tank 7
in support of sludge batch #3 and requires only minor excavations.

« Prepare the Heel from Tank 18 (Function F.3). The recommendation is to continue
to usé the modified ADMP (or ADMP) from Function F.1 until the final level of less than
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1,000 gallons of sludge remains. There is a risk associated with this approach in that
too much water or too much time will be required to de-inventory the sludge to this level.
The mitigation alternative is to use either sluicers or a robotic suction device for the final
heel removal, if necessary.

e Transfer Heel to another HLW Tank (Function F.4): The prime mover and transfer
route used for Function F.2 will be re-used for Heel Removal and transfer to Tank 7.

The significant value aspects of the overall recommended strategy for Tank 18 include:

e This recommendation can be used on all Tank types.

« Tank 18 center riser will use only one (1} pump. Subsequent tanks would employ
the use of two pumps: which is less than the number established in the baseline.

« A trend toward “portability” is initiated by this strategy because the recommendation
will include these design considerations

e Placement of the waste directly in Tank 7 will enhance sludge batch #3. This has two
benefits, first that the waste will not be required to be moved later into this tank (prior
plan was to send from Tank 18 to Tank 26 and at a later date, from Tank 26 to Tank
7). Secondly, the production schedule for DWPF will be enhanced due to the larger
amount of material in sludge batch #3.

e Approximately $15 - 20 million in Life Cycle Cost savings over the life of the contract

To provide ease in publishing this Réport, several supplemental documents have been
issued with supporting information, as part of the SEE:

1. Tank 18 Systems Engineering Evaluation — Lessons Learned from Other Tanks,
HLW-CST-2001-0003, February 21, 2001........coiiviiiin Reference 8
2. Tank 18 Systems Engineering Evaluation — Individual Idea Scoresheets, HLW-
CST-2001-0004, February 21,2001 ..o Reference 9
3. Tank 18 Systems Engineering Evaluation — Developed |deas for Function 1,
HLW-CST-2001-0005, February 21,2001 ... Reference 10
4. Tank 18 Systems Engineering Evaluation — Developed ldeas for Function 2,
HLW-CST-2001-0006, February 21, 2001 ........ccooiiiiiiiniinnes oo Reference 11
5. Tank 18 Systems Engineering Evaluation — Developed Ideas for Function 3,
HLW-CST-2001-0007, February 21, 2001 .......coiiveninniiiiiiies Reference. 12
6. Tank 18 Systems Engineering Evaluation — Developed Ideas for Function 4,

HLW-CST-2001-0008, February 21, 2001......c.oooiiiiie Reference 13
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2.0 Purpose

The purpose of this report is to define the methodology and transfer system
recommended by the Team to remove the high level waste in Tank 18 and transfer it to
another HLW tank. A description of the process used for identifying, evaluating, and
selecting the recommendations and the results obtained are presented to provide the
bases of decisions made by the Team.

The members of the Team are listed below along with their parent organization:

Name Representing

Neil Davis - Team Leader WR Program Manager
Gary Abell Systems Engineering
Nader Elraheb WR Engineering .
Ed Howard WR Design Engineering
John McCullough HLW Maintenance

Jim Menghi Project Management
Susan Peterman WSMS

Mike Tinsley CSTO/WR Project Liaison

The Team acknowledges the support provided by additional participants in the SEE
process, including Vince Ledonne, Tommy Caldwell, Bob Leishear, and Dave Stefanko.
The Team also acknowledges the contribution of Warren Adkins for the development of
computerized graphics, Bob Grimm and Cathy Smalls for producing the systems

- engineering decision analysis results using the Logical Decisions software, and Ruth
Whitaker and Kimbly Boatwright for clerical support in producing the Final Report.
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3.0 Background

The H- and F-Area Tank Farms at SRS were constructed during the 1950s and 1960s to
receive, store and treat the various radioactive waste streams generated in support of
weapons grade material praduction. There are a total of fifty-one HLW tanks: twenty-
nine in H-Tank Farm and twenty-two in F-Tank Farm. Two of the F-Tank Farm tanks
have been closed, i.e. Tanks 17 and 20.

Tank 18 is a 1.3 million-gallon capacity, single-wall, Type IV waste tank located in F-
Tank Farm. Tank 18 construction was completed in 1958 and the tank was immediately
placed in service as a receiver of Low Heat Waste (LHW). The Tank is an 85 foot
diameter flat-bottomed cylindrical carbon steel tank with a domed roof. The walls are
roughly 28.5 feet high with the center height about 50 feet. There are no cooling coils or
internal structures inside the tank. The location of Tank 18, with respect to other F Area
HLW Tanks is shown in Figure 3-1.

From July 1959 to August 1987, F-Canyon PUREX and non-canyon wastes were
received in Tank 18. The sludge solids deposited from F-Canyon were a product of
LHW streams. Tank 18 non-canyon receipts consisted of various forms of supernate,
LHW and High Heat Waste, evaporator overheads, dissolved salts and sludge slurries
received from Tanks 2, 7, 13, 17, 19, 20, 30, 33 and 34. Siudge removal operations in
Tank 18 began in Aprit 1986; the sludge leve! was estimated at 551,000 gallons.
Approximately 94% of the sludge was removed from Tank 18 and transferred to Tanks
40, 41, and 42 using three (3) standard slurry pumps. The last sludge transfer from
Tank 18 occurred in August 1987 with the material being transferred to Tank 51 through
the existing FDB-1 route. The transfer line from Tank 18 to FDB- 1 is not a pressure

" testable line; the jacket is open at FDB-1.

Based on photos taken on May 25, 1988, the estimated sludge volume in Tank 18 was
approximately 37,000 gallons. In 1996, Tank 18 received transférs from Tanks 17 and
20 in preparation of closure of both of those tanks. Tank 17 started with 10,000 gallons
of sludge and transferred 7,800 gallons to Tank 18. Tank 20 started with 1,000 gallons
of sludge and transferred only supernate. After the Tank 17 and 20 transfers, the sludge
volume in Tank 18 was approximately 44,000 galions.

On October 2, 2000, transfer of the contents of Tank 19 to Tank 18 was started. The
initial composition of the Tank 19 inventory is estimated as 13,000 galions of spent
zeolite, 7,000 galions of metal oxides/hydroxides (standard sludge) and 13,000 gallons
of insoluble saits. The goal of the Tank 19 transfer was to transfer the 33,000 gallons
from Tank 19 to Tank 18. As of February 2001, approximately 15,000 gallons of siudge
has been transferred to Tank 18. The sludge volume in Tank 18 at the end of the Tank
19 heel removal campaign is projected to be 78,000 gallons. The supernate volume in
Tank 18 at the end of the Tank 19 heel removal and spray washing campaigns is
projected to total between 900,000 and 1,300,000 gallons at a specific gravity of 1.01.

Pictorial views of Tank 18 are provided in Figures 3-2 and Figure 3-3.
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Figure 3-1. Relative Location of Tank 18 in F Area Tank Farm
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Expected Supernate volume:
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4.0 Recommended Overall Strategy

The Team's recommendations, implementation plans, estimated costs and schedules -
are detailed in this section (cost and schedule estimates are “rough order of
magnitude”). The recommended overall strategy consists of several components and
modifications, which were selected by the Team, based on the requirements for the
various functions to be performed. The strategy’s components and modifications are
described, by function, in Sections 4.1 and 4.2. The plan for implementation of the
overall strategy has been developed and is discussed in Section 4.4.2.

The four basic functions, to be satisfied by a successful waste removal prbcess were
defined in the following Table by the Team:

Table 4.0-1-Description of Functions

Function F.1: Prepare Bulk Waste in Tank 18 .

Function F.2: Transfer Non-Heel Bulk Waste to another HLW Tank
(Prime Mover and Transfer Route)

Function F.3: Prepare Heel in Tank 18

Function F.4: Transfer Heel to another HLW Tank

4.1 Waste Preparation Methodology

Prepare Bulk Waste in Tank 18 (F.1):
_ The recommendation is to develop and deploy a modified Advanced Design Mixing

-~ Pump (ADMP) to suspend the waste in a slurry, thus enabling the waste to be
transferred to another tank. The modified ADMP would have the same pump
characteristics as the existing ADMP, but it would be modified to fit into a 2-foot diameter
riser. The smalier size enables the modified ADMP to fit into all 33 remaining waste
removal tanks whereas the existing ADMP can only be used in nine (9) of the remaining
tanks. The ADMP has been successfully demonstrated at TNX, for over 4,200 pump
hours, with materials that are significantly more viscous than Tank 18 is expected to
contain. Additionally, the ADMP has a greater Effective Cleaning Radius (ECR) than the
current slurry pumps, thus reducing the number of pumps that must be installed in each
tank to complete waste removal. There is schedule risk in this recommendation, due to
the probable time required to develop a totally new “wet end” (where the material is
brought into the pump} to the ADMP. The risk mitigation involves providing seed money
to the pump vendor to prioritize the activity and refurbishing the existing ADMP to have it
ready to install in Tank 18, in the event that the modified ADMP development cannot
meet the schedule requirements.

Prepare Heel in Tank 18 (F.3).

The Team's recommendation is to continue to use the modified ADMP (or ADMP) from
Function F.1 until the final level of less than 1,000 gallons of sludge remains. Thereis a
risk that too much water or too much time will be required to de-inventory the sludge to
this level. To address this potential scenario, the Team recommends that
enhancements, such as sluicers or a robotic suction device for the final heel removal, be
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available after further evaluation of these options. The sluicers or robotic suction device
would be made ready for deployment prior to completion of bulk waste removal.

4.2 Waste Transfer Methodology

Transfer Non-Heel Bulk Waste to another HLW Tank (Function F.2).

This function was subsequently subdivided into tow sub-functions, i.e., Prime Mover
and Transfer Route. Prime Mover. The recommendation is to use a Bibo pump as the
prime mover. This is a standard, industrial grade, sump pump, similar to the pump
currently in use on Tank 19. Transfer Route: The recommendation is to complete a tie-
in from Tank 18 to Tank 7 by connecting the existing lines from Tank 18 to F Area
Diversion Box —1 (FDB-1) and Tank 1 to Tank 7. This will provide a direct underground
route from Tank 18 to Tank 7 and requires only minor excavations. The various portions
of this transfer route will be inspected prior to design activities, for risk mitigation action.
After Tank 18 Waste Removal has been completed the Tank 1 to Tank 7 transfer line will
be reinstated to its original configuration. Transferring the waste to Tank 7 now will
eliminate the need for transfer to this tank at a later date. This will reduce the overall
number of steps needed to prepare Siudge Batch #3.

Transfer Heel to another HLW Tank (Function F.4):
The prime mover and transfer route used for Function F.2 will be re-used for Heel
Removal, i.e., Bibo pump.

4.3 System Integration Overview

. The integration of the overall recommended strategy and the associated modifications
and equipment fits well into the HLW systems, structures, components, and processes
already in existence. The required modifications of existing systems, structures, and
components are not first-of-a-kind other than modifying the ADMP. Preparation for
implementation of the recommended strategy will require:

o Demolition and removal (D&R) of the Telescoplng Transfer Pump (TTP) in the Tank
18 northeast riser.

» D&R of the Goulds pump in the Tank 18 west riser.

Modification of the existing steel on Tank 18 to support the ADMP.
Installation of a new variable frequency drive and turntable to support ADMP
operation.

+ Relocation of the existing equipment currently instalied in the Tank 18 center riser.
(H&V piping, Reel Tape, Dip Tubes, etc.)

« Modification of two existing transfer lines in order to establish a direct route from
Tank 18 to Tank 7. Minor excavation will be required to complete the transfer line
modifications and tie-in and would be completed in an area that has minor impact on
normal Tank Farm activities.

« There are several changes that would be required to the Authorization Basis,
however, changes/updates would be needed for any of the chosen options.

» Operational activities, such as procedures and training would involve mock-ups and
demonstrations to ensure readiness to operate.
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A major advantage recognized by the Team is that the proposed system will likely work
in all Tank designs, i.e., type |, I, lI, llA, and IV, pending further engineering evaluations,
e.g., structural analyses of cooling coils and the impingement of tank fluids during
mixing. :

4.4 Implementation

4.4.1 Implementation Schedule and Costs

The Team developed the costs (using parametric analysis) and schedules associated
with the various activities associated with the recommendations. The parametric costs

are provided below in Table 4.4.1-1:

Table 4.4.1-1 Parametric Costs ot the Implementation Plan

Option Tank 18 Total Estimated | Comments

Cost (TEC)
Modified 5.2 million High risk, high LCC savings
ADMP
ADMP 4.7 million Low project risk to Tank 18, same

cost savings as Modified ADMP,
only downside is that Modified
ADMP would not be demonstrated
until Tank 11 or Tank 26 (2-3
years)

Baseline 6.7 million

4.4.2 Implementation Plan

An integrated logic driven approach for implementation of the recommended strategy
was-developed and is shown in Figure 4.4.2-1 on the following page.



Tank 18 Implementation Plan Logic Diagram
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5.0 Team Process

The systems engineering evaluation concept used to identify, evaluate and select
recommended solutions entailed planning the Team’s activities and following the plan.
For each key activity to be completed by the Team, the inputs, outputs, support
resources and controls were identified. The activities focused on first understanding the
problem to be solved, its causes and impacts, describing what a successful solution had
to accomplish, and then seeking viable solutions. The Team followed a process based
on systems engineering principles in order to proceed in a logical sequence, facilitate
creative thinking and minimize bias in developing solutions. The Team's process
consisted of three key elements referred to as the Activity Planning Model, Desktop
Procedures, and Validation, which are described below. The Team used consensus 10
make decisions throughout the process.

5.1  Activity Planning Model

The Activity Planning Model developed by the Team contains the following information:
Activities (steps) needed to complete the Team’s mission using a graded approach,
inputs, controls, resource requirements, and outputs associated with each step,

The logical sequencing of steps,
The scheduled dates of completion for each step.

Attachment 1 provides the Activity Planning Model developed and used by the Team.

5.2 Desktop Procedures

The Team developed specific instructions on how to conduct key steps within the Activity
Planning Model. The instructions were captured in "Desktop Procedures" and controlled
locally within the Team by Team Leader signature. The Desktops required the Team to
think about how it would execute the various steps prior to starting them. This facilitated
a common understanding and common expectations of the process.

Desktop procedures were written for the foliowing steps in the Activity Plan and are
included in Attachment 2 for reference:

DTP-001 Development, Approval And Control Of Desktop Procedures
DTP-002 Identification Of Concepts To Remove HLW From Tank 18
DTP-003 Application Of Screening Criteria

DTP-004 Risk Analysis

DTP-005 Application of Weighted Evaluation Criteria

DTP-006 Tank 18 Waste Removal Strategy Selection Process

5.3 Validation

The third key element of the process was the validation of Team activities at specific
intervals. Validation consisted of stakeholder interim reviews of completed Team
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outputs and proposed future activities. The purpose of each validation was to review
Team activities with the stakeholders and obtain approval of the information developed
before proceeding to the subsequent steps.

The three validation points in the schedule are shown on the Activity Planning Model
(Attachment 1), as steps 8, 14 and 21, respectively. The first validation, conducted on
November 3 resulted in concurrence with the activities, problem definition schedules,
assumptions, key functions and requirements, interfaces, terms/definitions, screening
and weighted selection criteria. .

The second Validation, conducted on December 8, resulted in an emphasis on life cycle
cost savings of the waste removal program.

A final Validation, conducted on February 2, 2001, was to receive concurrence from
stakeholders on the Recommended Strategy developed by the Team prior to
presentation to the Decision Makers.

A briefing was held with the HLW Board (Decision Makers} on February 7, 2001.
Approval was received to implement the strategy as recommended by the Team.
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6.0 Results

This Section documents the results obtained by the Team for the activities described on
the Activity Planning Model (Attachment 1).

6.1 Team Formation and Orientation

The members of the Team are listed in Section 2 of this report. The Team orientation
consisted of an introduction, overview of Team protocols, schedules, expectations of the
Team leader and an overview of the systems engineering process.

6.2 Define Team Activities, Resources and Schedules

Activities, resources, and schedules are presented in the Activity Planning Model

shown in Attachment 1. The mode} was developed by the Team prior.to commencement
of subsequent activities. This up-front planning facilitated a clear roadmap of actions
and the associated inputs, outputs, controls and resources needed to complete the
Team's mission.

6.3 Define Problem
The problem, its bases and potential impacts, defined by the Team are as follows:

Problem Statement: It is believed that the Tank 18 baseline waste removal method and
system will not perform as required.

Basis:

» Three standard 150 hp slurry pumps mounted in the three available risers were used
to remove sludge from Tank 18 in the mid 1980's. The pumps were irregularly
spaced in the east, west and northwest risers. An estimated 42,000 gallons of
sludge remained after a prolonged sludge removal campaign. The pumps were
unable to develop the required ECR in this orientation. The suspended sludge
settled in the quiescent zones in the tank. The Tank 19 heel removal demonstration
will add an estimated 33,000 gallons of sludge to Tank 18 in FY01.

« The baseline calls for refurbishing three standard slurry pumps and installing them in
the same risers. This baseline was chosen as a financial "placehotder” in full
recognition that it is not a viable means to remove the remaining sludge.

» Cognizant engineers associated with the waste removal project assumed that a
standard slurry pump with a single discharge could be used to increase the ECR.
This pump was tested at TNX and demonstrated to have a 40 foot ECR using a
kaolin clay/water mixture as the test medium. The required ECR is 42.5 feet to reach
the most remote part of the tank.

« Alternate sludge mobilization technologies (Flygt mixers) were demonstrated in
Tanks 17 and 20 with marginal success on small volumes of sludge. Improved
versions of these mixers were deployed in Tank 19 during September, 2000,
however, additional development is required to remove the estimated 75,000 gallons
that will be in Tank 18.
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impacts:

« Tank 18 must be closed by March 2004. Failure to do so will result in a violation of
the Federal Facilities Agreement. South Carolina Department of Health and
Environmental Controls (SCDHEC) could levy fines and penalties.

6.4 Review Design Iinput

Based on a review of Project S-W183 design inputs (technical baseline), the Team
focused on the key functions, requirements, and assumptions which proposed solutions
for Tank 18 waste removal must address. These key inputs are discussed below in
terms of functions (what the solution must do), requirements (how well the solution must
perform the functions), and key assumptions the Team made in order to proceed
forward. .

6.4.1 Key Functions

The Team defined the high level functions that any proposed solution must satisfy in
order to be considered a viable option. These are shown in Figure 6.4.2-1. The
functions of “Isolating Tank 18" and “Closing Tank 18" were not within the scope of the
Team's activities.

6.4.2 Key Requirements

The Team defined the high level requirements that any proposed solution must satisfy in
- order to be considered a viable option.

The requirements are subdivided into two types, i.e., performance requirements, and
interface requirements. The high level requirements in these two categories are listed in
Figure 6.4.2-1. The detailed requirements exist in the approved technical baseline
documents which include the: wastewater operating permit (WWOP) (Reference 2),
downstream waste acceptance criteria (WAC) (Reference 3), site standards,
authorization bases (AB) (e.g., tank top loading, structural integrity database, corrosion
control), general tank closure plan (e.g., performance assessments, residual amounts),
functional performance requirements (FPR) document (Reference 4), and functional
design criteria (FDC) document (Reterence 5).
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6.4.3 Key Assumptions

The key assumptions formulated by the Team are listed below with the basis (rationale)
for making the assumption.

1.

Funding - Tank 18 waste removal will receive the required funding (TEC, other
project costs (OPC) and Operation Expenses) to complete waste removal activities
per the schedule shown in HLW System Plan, Revision 11 (Reference 6). Basis -
The FFA Plan and Schedule for closure of old-style tanks will carry sufficient priority
at the site level to ensure adequate funding for this task.

Project Baseline - it is possible to revise the existing baseline to accommodate the
recommended technology. Basis - the baseline technology is not expected to be
successful, and the Waste Removal line item project scope includes development
and demonstration of alternative technologies. -

FFA Tank Closure Date - the March 30, 2004 closure date is non-negotiable.
Basis - numerous interactions with SCDHEC indicate that re-negotiation is unlikely.

Authorization Basis (AB) — the AB will remain the same throughout the
performance of this project. Basis — no significant or more restrictive changes to the
AB are anticipated.

Regulatory Requirements - the Tank Closure Environmental Impact Statement
(EIS) Record of Decision, the Natural Resources Defense Council (NRDC) lawsuit,
and the Nuclear Regulatory Commission (NRC} Waste incidental to Reprocessing
rulings will allow closure of Tank 18 consistent with the precedent set by Tanks 17
and 20. Basis - resolution of each item is ongoing, all indications are that the rulings
will be favorable.

Tank 19 Schedule - heel removal will be completed in Tank 19 so as not to interfere
with Tank 18 waste removal. Basis - Tank 19 must be closed one year before Tank
18. Waste transfer from Tank 19 to Tank 18 are brief in duration (<1 day) and can
easily be accommodated if they occur during Tank 18 construction.

Tank 19 Sludge Composition - the sludge removed from Tank 19 will be similar in
physical characteristics (shear stress, particle size, etc.) to the sludge currently in
Tank 18. Basis - the sludge in each tank came from the same source, the sludge in
Tank 19 will have been slurried in FY0O0.

Riser Availability - all risers on Tank 18 are assumed to be available for equipment
insertion including the two pillbox risers and risers containing failed slurry pumps.
Basis - failed equipment has been removed on other tanks, pillboxes have been
removed on other tanks or equipment inserted through the roof of the pillbox into the
tank.

New Risers - new risers can be installed as needed. Basis - a new riser was
installed on Tank 19.
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Tank Access - existing piping penetrations into/out of Tank 18 can be used, new
penetrations can be installed. Basis - existing penetrations have been reused on
other tanks, new penetrations have been installed into diversion boxes which are
similar in construction to waste tanks.

Tanktop Truss - the existing Corrective Action Report (CAR) (Reterence 7) can be
dispositioned to allow reuse for waste removal. Basis - similar trusses on Tanks 17,
19 and 20 were refurbished and used for hee! removal.

Tank 18 Projected Levels - the projected volume of sludge/solids at the start of
waste removal operations in Tank 18 is approximately 75,000 (75K) gallons (pre
Tank 19 transfers into Tank 18). Basis - Present contents of Tank 18 consists of
42K gallons of siudge, and Tank 19 contents is 33K gallons of solids (including
zeolite) to be transferred into Tank 18. Projected supernate level in Tank 18 is
estimated to be 308K gallons presently in Tank 18 and 275K gallons from Tank 19.
Additional liquid waste will be generated during the Tank 19 Heel Removal, which
will is limited, by the Authorization Basis, to be transferred to Tank 18.

Zeolite - If the Tank 19 contents are transferred to Tank 18, the Zeoclite will be in a
form/consistency which is easily prepared and transferred from Tank 18 to another
HLW Tank. Basis - a) In order to transfer the Zeolite from Tank 19 to Tank 18, it had
to be in a transferable condition. b) The preparation used to mobilize the Zeolite in
Tank 19 will result in a "non-reversible" state in Tank 18, i.e., the Zeolite will not re-
coalesce. ¢) A Cesium Removal Column has never been installed in Tank 18.
Zeolite in Tank 19 is very consolidated and was not slurried and transferred to Tank
18 during Tank 19 waste removal during 1980-86 based on sample analyses.

Tank Isolation - Nine months are required to complete Tank isolation, grouting, and
closure of Type IV waste tanks. Basis - Experience with Tanks 17 & 20 which
required about seven months for each.

Program Impacts - Potential impacts from other programs (e.g., canyons, 2H
evaporator recovery, 3H evaporator operations) will not affect the Tank 18 waste
removal project. Basis - Major known changes of other programs have not affected
the Tank 18 project.

Studge Destination - The sludge from Tank 18 will be sent to Tank 7. Basis - Tank
7 will become Sludge Batch #3. If the sludge in Tank 18 can be sent to Tank 7, then
more canisters can be made from Sludge Batch #3 at virtually no additional cost to
the customer. Also, High Level Waste System Plan (HLWSP) Revision 12, which is
currently being developed, is based on sending the Tank 18 sludge to Tank 7.

Schedule - The schedule for Tank 7 sludge removal can be meshed with Tank 18
sludge removal in a way that supports the need date for Sludge Batch #3. Basis -
The éxisting Tank 7 schedule shows sludge removal occurring from 9/02 to 2/03.
The draft schedule for Tank 18 shows sludge removal occurring from 4/03 to 6/03
(about a 4 month mismatch). It may be possible to add the Tank 18 sludge to
Extended Sludge Processing (ESP) after the Tank 7 sludge without delaying Siudge
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Batch #3 due to the very dilute salt content in the Tank 18 sludge or it may be possible
to accelerate the Tank 18 schedule to better match the Tank 7 schedule.

6.5 Define Screening and Selection Criteria

In order to objectively evaluate proposed options, the Team developed screening criteria
and weighted selection criteria for evaluating both individual ideas and total strategies.
The criteria and associated definitions used are described below.

6.5.1 Screening Criteria

Screening criterion are non-negotiable (go/no-go) aspects which solutions must meet to
be considered for further evaluation. Some screening criteria applied to ideas, some to
total strategies, and some to both. The Screening Criteria and associated bases used
by the Team are listed below:

1. The idea performs part or all of the function(s). A strategy must satisty all the
functions. Basis: If the idea/strategy does not contribute to the solution then it is of
no value.

2. The idea/strategy supports the 6-30-03 completion of waste preparation and transfer
of HLW from Tank 18 to another receipt tank. Basis: Support FFA commitments
per HLW Systemn Plan, Revision. 11 (Reference 6).

3. The TEC < $7.8M (applicable to individual ideas only; strategies will consider life
cycle cost benefits separately). Basis: Represents a 20% increase from current
TEC of $6.5M which allows latitude to consider more options. The $6.5M is the
TEC/management reserve (MR)/Contingency for Tank 18 waste removal (waste
preparation & transfer) and excludes spray washing, tank isolation & closure, and
OPC. '

4. Implementation does not require qualification of a new Defense Waste Processing
Facility (DWPF) glass waste form. Basis: Re-qualification is not accepted based on
long lead time to complete and uncertainty of success.

5. The idea/strategy does not present any obvious and unreasonable hazards to the
workers, public, or environment and does not violate non-negotiable regulatory
requirements. Basis: Injury or environmental damage is unacceptable.

6.5.2 Selection Criteria

in order for the Team to objectively select the best overall methodology (i.e., strategy) to
remove (prepare/transfer) waste starting with Tank 18, required defining weighted
attributes to facilitate distinguishing and grading the candidate ideas and strategies. The
Team defined and weighted “selection” criteria (attributes) deemed important to success.
Higher weighted criteria are considered more important than lower weighted criteria. An
initial set of weighted criteria were used to evaluate and score individual ideas. A
different set of weighted criteria were developed to evaluate strategies. (Note: As used
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by the Team, strategies are various individual ideas grouped together to form an overall
solution.) The applicable criteria are detailed in Section 6.9 for the ideas and Section
6.13 for strategies. ’

To provide clarity and consistency in scoring ideas, the Team used "utility functions”.
Utility Functions (UF) define gradations (point ranges) within the selection criteria to
make it easier and more consistent in applying the selection criteria. These are also
described in later sections of the report.

6.6 Brainstorming

The Team conducted two formal brainstorming sessions on October 12, 2000, to
identify ideas for each of the four functions (prepare bulk waste in Tank 18, transfer non-
heel bulk waste to another HLW tank, prepare heel in Tank 18, transfer heel to another
HLW tank) to be addressed. Participants included the Team and invited guests with
subject matter expertise in various aspects of waste preparation, removal, and transfers.
The following is a composite list of the participants:

Facilitators Team Members SMEs

Ed Urbanawiz Gary Abell Glenn Beaumier
Tommy Caldwell Joe Cato
Neil Davis Paul D'Entremont
Nader Elraheb Eric Freed
Max Howard M. Harreil
Robert Leishear J. Herbert
J. McCullough Gary Johnson

James Menghi
David Stefanko

Mark Mahoney
Scoftt Saunders
Paul Schearer
Charles Sharpe
Mike Tinsley
Eloy Saldivar
Robert Wilson

The identification of ideas was done in accordance with Desktop Procedure, DTP-002
(Attachment 2). Participants were provided a briefing package (Attachment 3) in
advance of the brainstorming sessions in an effort to stimulate the generation of ideas.

A raw list of about 140 ideas resulted from the brainstorming session. Additional ideas
were generated during the course of the Team’s subsequent activities, including whether
the Heel Preparation idea would be reused from bulk preparation or it would be stand
alone. Tank 26 was originally designated to receive the waste from Tank 18, based on
the HLW System Plan, Revision 11 (Reference 6). The change in receiver tanks
resulted in additional transfer routes being identified and ideas were added, which
resulted in evaluating the transfer routes. Some transfer routes were modified and
others were eliminated because they could not be implemented for Tank 7 as the
receiver tank. Those that still were applicable were coded with an “M” for modified.
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Supplemental documents, such as Pro-formas, were issued that detail the ideas
developed as part of this evaluation (References 10-13). The total number of ideas
considered by the Team totaled 218. The number of ideas, per function, are shown in
Table 6.6-1:

Table 6.6-1 Idea Summary

F.1 Prepare Bulk Waste in Tank 18 74 |deas Total

F.2 Transfer Non-Heel Bulk Waste to another HLW Tank | 43 ideas Total
Prime Mover 23 ldeas .
Transter Route 20 ldeas

F.3 Prepare Heel in Tank 18 56 |deas Total

F.4 Transfer Heel to another HLW Tank 45 |deas Total
Prime Mover 34 ldeas
Transfer Route 11 ldeas

All ideas were submitted on a “Pro-Forma” form as shown in the Briefing Package
(Attachment 3). The idea Pro-Formas were binned based on the particular function (bulk
waste preparation, bulk waste removal, heel preparation, or heel removal). References
10 through 13 contain all of the Pro-Formas submitted for consideration.

6.7 Screening

The Team reviewed the ideas for commonality and combined similar ideas into one idea.
~ The ideas were then screened by applying the screening criteria discussed in Section

- 6.5.1. The results of the screening process are presented in Tables |, 1I, and Ili of
Attachment 4. Table 1 lists all ideas (prior to combining the similar ones) that passed
screening; Table |l lists those ideas which failed the screening along with the particular
criterion it failed; and Table Il lists the shortened list from Table | (i.e. acceptable ideas)
after combining similar ideas. It should be noted that the screening process was
revisited whenever new information about individual ideas or global strategies evolved.

Table 6.7-1 is a listing of the categories, by function, that the initial ideas were binned
into during the brainstorming sessions.

Table 6.7-1 Categories of Generated Ideas
F.1 Prepare Bulk Waste in Tank 18: Long shaft and submersible slurry
pumps, propellers, agitators, arms, scrapers, dredges, robots, chemical
dissolution, erosion, sluicing, sparging, ultrasonics
F.2 Transfer Non-Heel Bulk Waste to another HLW Tank
Prime Movers: TTP, transfer pump, sump pump (floor/mast), jets, robots,
arm, based, screw, lift, diaphragm, piston pumps
Transfer Routes to Tank 7: truck, via FDB-1, bypass FDB-1, overland, via
catch tank, via feed line to tank 7 or 26
F.3 Prepare Heel in Tank 18 The same categories shown in F.1 above ideas
plus dewater/vacuum, grout in place, create sump, microbial, in-situ, absorb,
chemical separation
F.4 Transfer Heel to another HLW Tank. Same categories as F.2 above
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The screening process was done in accordance with Desktop Procedure, DTP-003

{Attachment 2).

6.8

Develop and Evaluate Viable Options

Table Il in Attachment 4, includes a listing of the summarized ideas that were advanced
for further consideration. Additional information developed for these ideas was added to
the Pro-Forma sheets (References 10-13).

6.9

Apply Selection Criteria to Ideas

The weighted selection criteria applied to ideas are shown in Table 6.9-1. The individual
scoresheets which document the raw scores, including discussion comments, were
issued separately (Reference 9).

Table 6.9-1: Selection Criteria, Weights, and Definitions Uséd to Score ldeas

Criterion Title

Criterion
Number

Assigned
Weight

Criterion Definition

Eftectiveness

1.0

0.22

The degree of confidence that the alternative will perform the
function for which it was proposed.

Complexity

2.0

0.18

The degree of complexity of the alternative with regard to
design, construction, testing, and operation.

Design

21

0.06

The degree of complexity of design with regard to Title II, Titie
ill, and procurement of engineered equipment.

Construction/Start Up

22

0.06

The degree of complexity of construction with regard to
fabrication, installation, excavations, equipment D&R, and
testing.

Operation

23

0.06

The degree of complexity of operations with regard to ops
resources, training, procedures, maintainability, and close
coupled ops.

Technical Maturity

3.0

0.15

The degree to which the alternative has been developed and/or
has been demonstrated in a radioactive waste removal
application.

Authorization Basis Impact

40

0.15

The degree of Authorization Basis changes required to
implement the altemative.

System Integration

5.0

0.12

The degree to which the alternative is compatible with existing
regulatory programs (WWOP, WAC, etc.), processes, and
intrastructure.

Regulatory Programs/Processes

5.1

0.06

The degree of compatibility with regard to existing regulatory
programs and processes.

Infrastructure

5.2

0.06

The degree of compatibility with regard to existing infrastructure.

Reliability

6.0

0.13

The degree of confidence to which the equipment will perform
the needed functions without failure,

Safety

7.0

0.05

The degree to which the altemative can be constructed and
operated with regard to industrial safety and radiological
controls.

The utility functions used for each criteria are shown in Table 6.9-2.
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Table 6.9-2 Utility Functions

Criterion Title Criterion Utility Function Value (in
Number points)
Effectiveness 1.0 High level of confidence 100
Moderate level of confidence 50
Low level of confidence 0
Complexity 20
Design 2.1 | High level of complexity 100
Construction 2.2  Moderate level of complexity 50
Operation 2.3 | Low level of complexity 0
Technical Maturity | 3.0 Fully developed and proven in a radioactive waste removal 100
application
Fully developed and proven in a non-radioactive waste removal 50
application
Pilot plant/prototypical application demonstrated 30
Theoretical/R&D 0
Authorization 4.0 Utitizes the existing AB with negligible changes by internal 100
Basis Impact contractor (WSRC)
May result in significant AB changes requiring DOE approval 50

May result in significant AB changes requiring DOE apgproval and 25
addresses a new accident scenario

May result in a new AB 0
System 5.0
Integration
Reg. Prog/ 5.1 | High level of compatibility 160
Processes Moderate level of compatibility 50
infrastructure 5.2 | Low level of compatibility 0
Reliabitity 6.0 High level of confidence 100
Moderate level of confidence 50
Low level of confidence 0
Safety 7.0 Minimal safety/radcon risks to construct, operate, and maintain 100
Moderate safety/radcon risks to construct, operate, and maintain 50

Significant safety/radcon risks to construct, operate, and maintain 0

These selection criteria were applied to each idea in Table |I} (Attachment 4). For each
idea, the Pro-Forma was reviewed and the merits of the idea were discussed with the
Team to reach a consensus utility function score for each of the criteria. The application -
of the weighted criteria was a simple process of assigning points (0-100) from the list of
utility functions, multiplying the criteria weight times the utility function vatue and
summing up the score for each idea. The maximum score (most desirable) possible is
100. Attachment 5 is the weighted score for each of the ideas by function and provides
an overall ranking. The individual scoresheets which documented the rationale for the
utility function score applied was issued as a separate document (Reference 9). This
resulted in numerical scoring which allows for a “ranking" of ideas within each functional
area, i.e. bulk waste preparation, bulk waste transfer, heel preparation, and heel
removal. The application of weighted selection criteria was done in accordance with
Desktop Procedure, DTP-005 (Attachment 2).

Table 6.9-3 lists the top scoring ideas within each function. This method of ranking was
used to identify the more promising ideas to pursue versus those of least benefit. The
ranking did not preclude the use of any idea as a final recommendation. Due to the
large number of ideas submitted and scored for F.1 (prepare bulk waste in Tank 18}, the
Team elected to take the highest scoring ideas in F.1 from the three categories, i.e.,
pumps, robotics, and arms. This provided the Team with several options to consider in
subsequent strategy development. This was not done for the other functions (F.2, F.3,
and F.4) because there was a limited number of top scoring ideas.
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Table 6.9-3 Top Scoring Ideas After Applying Selection Criteria

Function | Idea Category Description Score
F.1 Ad Pump ADMP with Flygts 895
Al Pump Quad Volute Slurry Pump (QVSP) 88.9
A70 Pump 4 Slurry Pumps (SPs) 87.7
A73 Pump Slurry Pumps with TTP 84.7
A72 Pump ADMP with 2 Slurry Pumps 84.2
A43 Robotics ARD (SRS procure/deploy/operate) B36
A74 Arm Arm with Confined Sluicing End Effector (CSEE) | 82.6
A12 Pump " | Submersible Pump 82.0
Ad1 Pump Modified ADMP 80.5
A53 Pump Modify Existing Slurry Pumps 79.5
Ad6 Pump 101-8Y Modified Slurry Pump 79.3
Ad4 Robotics Houdini Robot with CSEE 78.9
F.2 . | B38 Prime Mover TTP 97
B16 Prime Mover Diode pump ) 93
B8 Prime Mover Bibo pump N
B43M | Transfer Route | Tank 1 Tie-in 91
B4M Transfer Route | Above-ground Transfer Line 86
F.3 C1 Robot ARD robot 86
C20 Arm Arm 84
C56R | Sluicer Sluicer 78
C21 Chemical Chemical Cleaning (acid dissolution) 76
.4 N/A N/A Same as F.2 N/A

This ranked order of ideas was reviewed by the Team. The following table identifies the
. ideas that were not considered further and the rationale for this decision in picking the
top scoring ideas from the three categories in Function F.1.

Table 6.9-4 Function F.1 Scored Ideas Removed From Further Consideration

Idea. Description Rationale

A73 Slurry Pumps with TTP "F.1 Idea is the same as A70 (combined with
F.2 prime mover) '

A72 ADMP with 2 Slurry Pumps F.1 ldea is the similar to A4 (combined)

A12 Submersible Pump Idea is similar to A70 (combined)

A53 Modify Existing Siurry Pumps | Ideas is similar to A70 (combined)

A46 101-SY Modified Slurry Pump Idea is similar to A70 {combined)

6.10 Analyze Risks

A risk analysis was performed on the top scoring ideas within each function, i.e. Prepare
Bulk Waste in Tank 18, Transfer Non-Heel Bulk Waste to another HLW Tank, Prepare
Heel in Tank 18, and Transfer Heel to another HLW Tank, as identified in Table 6.9-3. A
summary of the risks identified by idea is presented in Table 6.10-1. The risk
assessment sheets, which detail each identified risk, the likelihood of occurrence, the
consequence(s) of occurrence, risk level, and risk handling strategies for each candidate
idea, are provided in Attachment 7. The risk analysis was performed in accordance with
Desktop Procedure, DTP-004 (Attachment 2).
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Table 6.10-1 Risk Analysis Summary

Idea | idea Title High and Moderate Risks Identified

A4 ADMP Process hazard [gas filled column] (Moderate)

Ad1 Modified ADMP The vendor may take too long to develop the pump.
A43 | ARD Pump requirements for transfer of material (High)

Operations and maintenance experience (Moderate)
Tether management (Moderate)

Ad4 Houdini/CSEE Difficulty to perform function test (High)
Operations and maintenance experience (Moderate)
Tether management (Moderate}

A70 | 4 Slurry Pumps Substantial D&R (Moderate)

A74 | Arm w/CSEE Reliability, Availability, Maintainability Issues (High)
Complex design (Moderate)

B4M | Hose in Hose Co-occupancy issue [routing of hose and Control Room]
(Moderate) '
Substantial D&R (Moderate)

B16 | Diode Pump No high or moderate risks identified.

B43M | Tanki Tie-In Difficulty to perform functional test (Moderate)

C21 Chemical Cleaning | New application of technology (High)
: Multiple system interfaces (High)
Project schedule uncertainties (High)

C56 | Sluicer Multiple interfaces required (Moderate)

Upon completion of the risk analysis, a cross-check was made by the Team to ensure
- consistency and uniformity of risk was assessed between the different ideas.

The impact on cost and schedule derived from the Risk Analysis were incorporated into
the costs and schedules developed for the strategies. Additiona! discussion on how risk
was used to eliminate strategies is provided in Section 6.12.

6.11 Develop Strategies

The resulting individual ideas, applied to each function, as shown in Table 6.9-3 and
modified per Table 6.9-4 were used to establish strategies for waste removal for further
consideration. The strategies were defined by using ideas from each of the function and
combining them together. A total of 210 strategies were mathematically possible.

6.12 Strategy Screening Criteria

The Team recognized that not.all of the 210 combinations were feasible, i.e., conflicting
configurations. For example, you could not deploy the arm in F.3, when the ADMP was
already deployed in the same riser. The incompatible strategies (96) were not
considered for further evaluation.

The remaining strategies were screened against the screening criteria (Section 6.5.1) to
determine if they passed. The strategy screening criteria included the following:
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The strategy must perform alt of the functions

The strategy must support the Federal Facilities Agreement date
The strategy must not require a new glass form

The strategy must not impose any unreasonable hazards.

The final number of viable strategies considered for further evaluation was 114.
Attachment 6, Strategy Scoring includes as Table IV, the listing of all of the viable
strategies.

Also, as a result of the risk analysis, 24 strategies did not possess adequate assurance
that they would work or have alternative backup methodologies should the primary idea
not work. The strategies eliminated from further consideration are identified in Table
6.12-1. Ninety (90) viable strategies remained for further evaluation. ‘

Table 6.12-1 Strategies Eliminated Based on Risk

Strategy Description Strategy Number Rationale
ADMP S1, 885, 89, S13, Risk associated with reducing
517, and S21 sludge level <1 inch
QVSP $25, §29, S33, 537, Same
- 841, and S45
Modified ADMP | $49, S54, S59, S64, Same
S$69, and 874,
4 Slurry Pumps $79, S84, 589, 594, Same
S99, and 8104

6.13 Apply Selection Criteria to Strategies

New weighted selection criteria and utility functions were defined and applied to the 90
strategies. Table 6.13-1 summarizes the selection criteria applied to the combined
strategies. The utility functions used to facilitate consistent scoring are shown in Table
6.13-2. The listing of the individual strategies is included Attachment 6, Table IV.
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Table 6.13-1: Selection Criteria, Weights and Definitions Used To Score Strategies

Criterion Title

Criterion Number

Assigned Weight

Criterion Definition

Cost

1.0

0.32

The degree of initial cost incurred and/or cost savings realized by
utilizing the strategy.

Initial Cost 1o Deploy

0.12

The magnitude of cost to deploy the strategy on Tank 18. {Initiai
cost is equal to: TPC Cost — TFA Funding utilized)

Life Cycle Cost

0.20

The degree of Life Cycle Cost savings that will be realized within
the HLW Waste Removal Program over the eight year period of
FY(Q1 = FYD8 by utilizing the strategy.

Effectiveness

20

0.28

The degree of confidence that the strategy will perform all functions.

Complexity

3.0

0.25

The degree of complexity of the strategy with regard to design,
construction, testing, and operation.

Design: The degree of complexity of the strategy with regard to Title
II, Title I, and procurement of engineered equipment.

Construction: The degree ot complexity of construction with regard
to fabrication, installation, excavations, equipment D&R, and
testing.

Operation: The degrea of complexity of operations with regard to
operations resources, training, procedures, maintainability, and
close coupled operations.

Authorization Basis
Impact

0.15

The degree of Authorization Basis changes required to implement
the alternative. .

Table 6.13-2 Utility Functions

Criterion Title

Criterion
Number

Utility Function

Value
(Points)

Cost
tnitial Cost to Deploy

1.0

11

Low Cost to Deploy

Moderate Cost to Deploy

High Cost to Deploy

100

Life Cycle Cost Savings

1.2

High Degree of LCC Savings
Moderate Degree of LCC Savings
Low Degree of LCC Savings

EHectiveness

2.0

High leve! of confidence
Moderate level of confidence
Low level of confidence

Complexity

3.0

High level of complexity
Moderate level of complexity
Low ievel of complexity

Authorization Basis
Impact

4.0

Utilizes the existing AB with negligible changes by

internal contractor (WSRC)

May result in significant AB changes requiring DOE

approval

May result in significant AB changes requiring DOE
approval and addresses a new accident scenario
May result in a new AB

This process involved evaluating the functions and ideas as individual .items and then as
an aggregate strategy. For example, would deploying the ARD robot after bulk waste
removal was complete, require additional costs to retrofit the equipment or would there
be a need to do additional design at the onset. If so, the costs would increase and the
design would be more complex which would lower the overall score. By performing this
review, a consistency check was completed both horizontally and vertically to ensure
that the logic was appropriate.
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The Initial Cost to Deploy costs were developed per idea per applicable function(s). The
Initial Cost to Deploy criterion was evaluated after determining the actions needed to
implement/deploy the idea, e.g., project work. This information was evaluated and the

total amount for deployment was given as a rough order of magnitude (ROM) estimate
based on the Team’'s experience with similar activities at the site, including estimated
procurement costs and credits for Tank Focus Area funds. Once the overall range for
costs, within a function, was determined, an arithmetical average was used to determine
the scores. The minimum cost idea to deploy received a 100 and the maximum cost
idea to deploy received a 0. The results of the risk analysis, e.g., risk handling costs,
were factored in as appropriate. The scores for this selection criteria per idea per
function are shown in Attachment 6, Table IV.2.

The LCC Savings criteria was evaluated after determining whether the idea could be
used on any of the four remaining tanks (11, 26, 4, and 15) in the performance period of
eight years assumed as the life-cycle for the study versus the current baseline cost.
Eight years was selected as the life-cycle since it envelopes the current contract period
of six years and the operational period of two years. The extent to which the idea could
be reused and was effective for these other tanks was used to determine the score.
One idea clearly had extensive LCC savings and scored 100 points. The remaining
ideas had extremely limited or no LCC savings potential had scored less than 10 points.
The results of the risk analysis, e.g., risk handling costs, were factored into as
appropriate. The scores for this selection criteria per idea per function are shown in
Attachment 6, Table [V.2.

. The selection criteria for the areas of Effectiveness, Complexity and Authorization Basis
Impact utilized the scores previously determined for each idea for each function. These
individual scores are presented in Attachment 6. Effectiveness Scores are in Table IV.3.
Complexity Scores are in Table 1V.4. Authorization Basis Impact Scores are in Table
IV.5. The Team evaluated these scores for consistency between ideas and between the
functions before proceeding.

In order to develop an aggregate strategy score for the five selection criteria, a
mathematical expression was formulated, which applied an additional set of weights to
the different functions. The mathematical expressions were developed based on each
selection criteria and the importance of each function when compared to each other. The
mathematical expressions used to determine the aggregate scores for each selection
criteria are in Table 6.13-3.

Table 6.13-3 Aggregate Score Formulas

Selection Criteria - FA F.2 F.2 F.3 F.4

Formula Prime Mover | Transfer Route
1. Deployment Cost | 75% 15% 10% 0% | 0%
2. LCC Savings 60% 15% 10% 15% | 0%
3. Effectiveness A0% 10% 0% 50% | 0%
4. Complexity 40% 5% 15% 40% | 0%
5. AB Impacts 10% 15% 40% 35% | 0%
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As an example, for the Initial Cost To Deploy, the Team felt that the cost of Function 1
was the most important and outweighed the other functions, in that Function 1
accounted for 75% of the cost to deploy for the strategy. The Function 1 score accounts
for the costs of Function 3, as these costs were modified to include risk mitigation costs.

The costs of the prime mover were slightly more than the costs for the transter route,
and as a result the weighting factors were assigned as 15% and 10%. No costs were
attributed to Function 4 as these are part of Function 2.

The Tables in Attachment 6 includes these formulas at the top and bottom of the
spreadsheet for clarity. A summary of the aggregate scores for each of the selection
criteria can be found in Table 1V.6. The aggregate scores would be applied against the
utility function for determination of the final total score. These results of this process are
shown in descending order in Attachment 6, Table 1V.1.

In order to detail the process the Team implemented to determine the aggregate scores,
the following example is available:

Example; Strategy S60 (Modified ADMP, with Bibo pump as prime mover, using the Tank 1 Tie-
In transfer route and deploying the ARD robot for heel preparation would get the following
aggregate score:

Deployment Cost:

Scores from ideas (Table IV.2, Attachment 6, Strategy 560)

F.1=78 F.2 (PM}=90 F.2(RT)=60 F.3=100 F.4=0
Applying Formuia 1: (.75)(78)+(.15)(90)+(.1)(60)+(0)(100)+(0)(0)= 78

LCC Savings :

Scores from ideas (Table IV.2, Attachment 6, Strategy S60)

F.1=100 F.2 (PM)=80 F.2(RT)=60 F.3=0 F.4=0
Applying Formula 3: (.6)(100)+(. 15(90}+(.1)(60)+(. 15)(0)+(0)(0)= 72
Effectiveness.

Scores from ideas (Table IV.3, Attachment 6, Strategy S60)

F.1=89 F.2(PM)=95 F.2(RT)=100 F.3=95 F.4=0
Applying Formula 3: (.4)(89)+(.1)(95)+(0)(100)+(.5)(95)+(0)(0)= 92.6
Complexity: _

Scores from ideas (Table IV.4, Attachment 6, Strategy S60)

F.1=77 F.2(PM)=86 F.2(RT)=86 F.3=98 F.4=0
Applying Formula 4: (.4)(77)+(.05)(86)+(.15)(86)+(.4)(98)+(0)(0)= 87.2
AB Impacts:

Scores from ideas (Table IV.5, Attachment 6, Strategy S60)

F.1=86 F.2 (PM)=100 F.2(RT)=89 F.3=81 F.4=0 .

Applying Formula 5: (.1)(86)+(.15)(100)+(.4)(89)+(.35)(81)+(0)(0)= 87.55

Therefore the scores and the selection criteria weights can be summarized as follows:
Strategy Scores (Table IV.1, Attachment 6, Strategy S60 and Weights from Table 6.13-1)
Cost to Deploy: 78(.12)=9.36

LCC Savings: 72(.2)=14.4

Effectiveness: 92.6(.28)=25.928
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Complexity: 87.2(.25)=20.4

AB Impacts: 87.55(.15)=13.1325

Total Weighted Score=83.22

A Sensitivity Analysis was performed on the strategy scores to determine if the scoring
of strategies was sensitive. This analysis was competed by varying the individual criteria
weights of the selection criteria to see if small changes (+10%) caused major changes in
the strategy rank ordering. It was determined that only minor changes in rank ordering
were observed. The Team concluded that the ranking of ideas was fairly insensitive to
small changes in criteria weighting. The results of the strategy sensitivity analysis are
included in Attachment 8.

6.14 Select Option and Implementation Plan

Utilizing the information prepared, the strategies were ranked in descending order based
on total score (shown in Table IV.1, Attachment 6). This information was evaluated by
the Team as input to selecting a recommended option. Table 6.14-1 summarizes the
results of the strategy scoring by function: )

Table 6.14-1 Scored Results of Strategies by Function

Prepare Bulk Waste in Tank 18 (F.1) Modified ADMP-based strategies (83)
ARD for all functions (78)

Houdini for alt functions (75)
ADMP-based strategies (73)

Arm for all functions (73)

QVSP-based strategies (70}

Four Slurry Pump-based strategies (68)

Transfer Non-Heel Bulk Waste to Prime Mover (F.2): The Bibo pump always
another HLW Tank (F.2) scored higher than the TTP or Diode pump
Transfer Route (F.2): Below-Ground Route
- Tank 1 Tie-In always scored higher than
the Above-Ground - Hose in Hose route

Prepare Heel in Tank 18 (F.3) ARD always scored higher than Sluicers,
Chemical Cleaning, and Arm

Transfer Heel to another HLW Tank (F.4) | No scores were generated separately for
this function. Refer to F.1.

After review of this information, the Team recommends the following overall strategy:

Prepare Bulk Waste in Tank 18 (Function F.1). The recommendation is to develop
and deploy a modified ADMP to suspend the waste in a slurry, prior to pumping to
another tank. The modified ADMP would have the same pump characteristics as the
existing ADMP, but it would be modified to fit into a 2-foot riser. Only a limited number of
tanks have the 4-foot riser required to deploy the current ADMP. Rationale: This
strategy leverages the existing excellent ADMP experience, the smaller diameter means
this pump can be used in any tank, and Tank Focus Area is likely to co-fund this activity
as Hanford has expressed a similar need. Future Applications: The smaller size pump
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can be used on all five tanks to be worked (18, 11, 26, 4, and 15} in the current contract
period. This pump could be used in all 33 remaining waste removal tanks, pending
cooling coil evaluation (1-3, 5-6, 9-10, 12-14, 21-25, 27-39, and 43-47). Thereis a
potential use for the pump in the seven waste processing tanks (40-42, 48-51).
Projected savings versus baseline in current contract period is >$15 million based on
using 3 versus 4 pumps per tank, there is also a potential for reducing the need to only 2
pumps per tank. Risk: There is a risk that it may take longer than 18 months to develop,

test, and approve the prototype. This may be an insurmountable risk, based on initial
discussions with the vendor. Risk Mitigation: Added $0.5 million to cost to allow for fast-
tracking of the development effort to modify the design, refurbish the existing ADMP and
use if the modified ADMP is not ready in time. Houdini and ARD were not picked
(although they scored higher} to mitigate the bulk sludge preparation risk in lieu of ADMP
because of concerns with operating robots in 21 inches of sludge and also because
there would be no LCC savings from this option in the contract period.

Transfer Non-Heel Bulk Waste to another HLW Tank (Function F.2)

Prime Mover: The recommendation is to use a Bibo pump as the prime mover.
Rationale: The pump is made by ITT Flygt. The pump is a standard, industrial grade,
sump pump, similar to the pump currently in use on Tank 19. The Bibo pumps are
inexpensive. Tank 19's use has transterred >2,000,000 gallons of sludge/siurry woth
this pump design and has been in operation for over six months. Future Applications:
Bibo pumps can be used in all remaining tanks. Risk: A minor risk but no significant risk
was identified. Risk Mitigation: Complete a thorough test of pump and complete a
design for the pump interface points to provide the ability to easily replace or add a new

. pump.

Transfer Route: The recommendation is to complete a tie-in from Tank 18 to Tank 7 by
connecting the existing lines from Tank 18 to FDB-1 and Tank 1 to Tank 7. Rationale:
This will provide a direct underground route from Tank 18 to Tank 7 and requires only
minor excavations to complete the two tie-ins. This line bypasses FDB-1 and all
associated AB issues. There would be no inadvertent transfer paths and require only
minimal interfaces. The tie-in would take about 20 feet of new pipe with two tie-in points
and caps and the excavation would only be about 4 foot deep. After Tank 18 Waste
Removal has been completed the Tank 1 to Tank 7 transfer line will be reinstated to its
original configuration. Future Applications: None, one-time cost savings. Risk: Tie-ins
may be more expensive than planned, AB may be difficult when Tank 1 jet discharge
route is capped. Risk Mitigation: Test line segment jackets early.

Prepare Heel in Tank 18 (Function F.3). The recommendation is to continue to use the
modified ADMP (or ADMP) from F. 1 until the final level of less than 1,000 gallons of
sludge remains. Rationale: The pump can be used in the heel preparation phase if
water management (decants) and schedule allow continued use of the ADMP for heel
preparation. Future Applications: Tanks 21-24, however this is after the current contract
period. Risk: May require too much water or too much time. Risk Mitigation: Procure
and stage robotic suction device/system. The cost is between $100K to $300K for the
entire system. There is already experience with this product at SRS. The robot will fit
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through a 24 inch riser. The unit provides a fully developed mobile siuicing/suction
similar to Houdini but without the extensive support structure and equipment.

Transfer Heel to another HLW Tank (Function F.4). The equipment and transfer route
determined for Function F.2 will be used for Heel Removal.

The selection of the recommended technotogy and transfer methods was made by the
Team based on several considerations, i.e.:

« Ranking of alternatives based on the application of the weighted selection criteria.
This included sensitivity analysis.

« A system integration overview for the most promising alternatives. This required
"visualizing" the implementation of each alternative to assess upstream and
downstream impacts on the entire HLW system.

-« Discussions with subject matter experts (SMEs), stakeholders, and decision makers.

« Consideration of the new six year contract period and the tanks to be emptied during
that period.

¢ Team expertise and judgement.

To provide ease in publishing this Report, several supplemental documents have been
issued with supporting information, as part of the SEE (see References 8-13).
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7.0 Gilossary

Advanced Design Mixing Pump — This is a prototype slurry pump that was jointly
developed by Hanford and SRS based on the lessons learned from both sites. The
pump is a 55 foot tall vertical shaft, dual discharge centrifugal pump with a 300 hp motor
mounted above the tank top and a 39 inch diameter pump casing submerged in the
waste. The pump capacity is 5,200 gal/min at the maximum operating speed of 1,150
rpm. The expected cleaning radius in SRS sludge is 50 feet. This pump has been
tested at SRS for over 4,000 hours but has never been deployed in a radioactive
environment.

Baseline Technology - the waste removal technology for Tank 18 identified in project
documentation (e.g., Functional Performance Requirements (FPR), Functional Design
Criteria (FDC)) which includes 3 standard slurry pumps and 1 telescoping transfer pump.

Bulk Waste Removal - is defined as removing the first 99% of the original volume of
waste which typically means leaving no more than 10,000 gallons of waste in the tank at
the completion of bulk waste removal. This operation is typically done with slurry
pumps.

Decision Makers - the HLW Board consisting of the Level 1 and 2 Managers in the
HLW Division .and matrixed support managers.

Demonstrated (Proven) Technology - Technology that is commercially available
and/or has been used in the nuclear industry.

-Heel Removal - the purpose of heel removal is to remove as much of the remaining
waste as required to enable the tank to pass a Performance Assessment indicating that
the tank is ready to close. Preliminary calculations indicate that Tank 18 must have no
more than 1,000 gallons of sludge remaining at the time of closure. Heel removal on
Tanks 16, 17 and 20 employed several different techniques in addition to slurry pumps.

Idea - A concept, if implemented, which would satisfy some or all of the Tank 18 Waste
Removal System functions and/or requirements.

Life Cycle - The life cycle of this activity includes all of the tanks currently scheduled for
waste removal during the next eight years (starting in FY01) as reflected in the current
WSRC Contract and the HLW System Plan, Rev. 11. The Tanks included are: Tank 18,
Tank 11, Tank 26, Tank 15, and Tank 4.

Life Cycle Cost - The life cycle cost is the capital cost for the project to retrofit the five
HLW tanks in the Life Cycle with waste removal equipment minus projected TFA funding
for new technologies.

Life Cycle Cost Savings: The life cycle cost savings was used as the basis to evaluate
from the strategies selected using the current Baseline Costs
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Slurry Pump - This pump is a 45 foot tall vertical shaft, dual discharge centrifugal pump
with a 150 hp motor mounted above the tank top and a 22 inch diameter pump casing
submerged in the waste. The pump capacity is 1200 gal/min at the maximum operating

speed of 1800 rpm. The expected effective cleaning radius in SRS sludge is 25 feet.
This type of slurry pump has been used to remove waste from several tanks at SRS and
West Valley.

Stakeholders - Individuals or organizations potentially impacted by the recommended
alternative.

Subject Matter Experts (SMEs)- SMEs are individuals recognized by the Team as
experts in a particular field(s).

Validation — a scheduled meeting that provides the opportunity for stakeholder input
and feedback at key points during the execution of the Systems Engineering Evaluation
process.

Waste Removal (WRY) - the removal of high level waste (e.g., sludge, salt, supernate,
zeolite) from a waste tank. Waste removal may consist of “bulk waste removal" and
"heel removal”.
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AB
ADMP
"ARD
CAR
CSEE
CST
D&R
DOE
DTP
DWPF
E7
ECR
EIS
ESP
F.1
F.2

F.3
F.4
FDB
FDC
FFA
FPR
FTF
FY
H&V
HLW
HLWSP
HTF
IM

LCC
LHW
MR
NRC
NRDC
0&M
OPC
PBI
PEM
PUREX
QVSP
R&D
RAMI
ROM
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Authorization Basis

Advanced Design Mixing Pump
Advanced Research and Development Environmental, Inc.
Corrective Action Report '
Confined Sluicing End Effector
Concentration, Storage, and Transfer
Demolition and Removal

Department of Energy

Desktop Procedure

Defense Waste Processing Facility
Conduct of Engineering & Technical Support Manual
Effective Cleaning Radius

Environmental Impact Statement
Extended Sludge Processing |

Prepare Bulk Waste in Tank 18

Transfer Non-Heel Bulk Waste to another HLW Tank (Prime Mover
and Transfer Route)

Prepare Heel in Tank 18

Transfer Heel to another HLW Tank

F Area Diversion Box

Functional Design Criteria

Federal Facility Agreement

Functional Performance Requirements

F Area Tank Farm

Fiscal Year

Heating and Ventilation

High Level Waste

High Level Waste System Plan

H Area Tank Farm

implementation Manual

1,000

Life Cycle Cost

Low Heat Waste

Management Reserve

Nuclear Regulatory Commission

Natural Resources Defense Council
Operations and Maintenance

Other Project Costs

Performance Based Incentive

Project Engineering Manager

Plutonium Uranium Extraction

Quad Volute Slurry Pump

Research and Development

Reliability, Accountability, Maintainability Issues
Rough Order of Magnitude
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SCDHEC
SE
SEE
SME
SP
SRS
SRTC
TEC
TFA
TNX
TP
TTP
UF

VP
WAC
WR
WSMS
WSRC
WWOP
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South Carolina Department of Health and Environmental Controls
Systems Engineering

Systems Engineering Evaluation

Subject Matter Experts

Slurry Pump

Savannah River Site

Savannah River Technology Center

Total Estimated Cost

Tank Focus Area

SRTC Development Facility for 200 Areas
Transfer Pump

Telescoping Transfer Pump

Utility Function

Vice President

Waste Acceptance Criteria

Waste Removal

Westinghouse Safety Management Solutions
Westinghouse Savannah River Corporation
Wastewater Operating Permit
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ATTACHMENT 1
ACTIVITY PLANNING MODEL

HLW Tank 18 Waste Removal Technology Team Activity Planning Mode!
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ATTACHMENT 2

DESKTOP PROCEDURES

Development, Approval And Control Of Desktop Procedures...(7pgs)
Identification Of Concepts To Remove HLW From Tank 18......(6pgs)

Application Of Screening Criteria................coooi. (10pgs)
RiSK ANEIYSIS.....uiveeeieeiiiiii et (16pgs)
Application of Weighted Evaluation Criteria......................... (13pgs)

Tank 18 Waste Removal Strategy Selection Process.............. (6pas)



HLW Tank 18 Waste Removal Svstems Engineering Evaluation WSRC-RP-2001-00024
Final Report Revision 0
Page 48 of 235

DTP-001

Revision: 0

SAVANNAH RIVER SITE

HIGH LEVEL WASTE SALT DISPOSITION
TANK 18 WASTE REMOVAL TECHNOLOGY TEAM

DESKTOP PROCEDURE FOR
THE

DEVELOPMENT, APPROVAL AND CONTROL OF DESKTOP
PROCEDURES

APPROVED: DATE:
Neil Davis
Tank 18 Waste Removal Technology Team Leader
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1.0 Purpose

The Savannah River Site (SRS) High Level Waste Tank 18 Waste Removal Technology
Team (‘Team”) was formed to systematically evaluate alternatives and recommend a
preferred method for preparing and transferring (removal) High Level Waste from Tank 18 to
another HLW waste tank. This Desktop Procedure provides the necessary direction to
develop and approve desktop procedures to be utilized by the Team and support personnel

to conduct a systems engineering evaluation on Tank 18.

2.0 Scope

This procedure provides direction for the development, approval and control of desktop
procedures to be used by the Team and support personnel to complete Team activities.

3.0 Responsibilities

The Team Leader or his designee, shall be responsible for implementation of this
procedure. '

The Team is responsible for review and approval of desktop procedures. The Team
approval of desktop procedures shall be documented by the signature of the Team Leader
in the approval block of the procedures.

40 Process

The desktop procedure process is depicted in the flowchart shown in Figure 1.

Procedures shall be developed in accordance with the format guidelines of the “Desktop
Procedure Template” (Attachment 1). :

Revisions to desktop procedures shall be performed by the same process as the original
procedure and the revision number shall be modified accordingly.

Procedures shall be numbered with the format of "DTP-xxx" where xxx is a sequential
number e.g., DTP-001, DTP-002.
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5.0 Records

Procedures produced as a result of this desktop procedure shall be included in the Team's
Final Report. '

6.0 References

None
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DTP-XXX

Revision: x

SAVANNAH RIVER SITE

HIGH LEVEL WASTE SALT DISPOSITION
TANK 18 WASTE REMOVAL TECHNOLOGY TEAM

DESKTOP PROCEDURE FOR
THE

[TITLE]

APPROVED: DATE:
Neil Davis
Tank 18 Waste Removal Technology Team Leader
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1.0 Purpose

This desktop procedure provides the methodology for performing {Name process and briefly
state why procedure is needed,.

2.0 Scope

This procedure shall be used by the Team, SMEs and/or stakeholders to [Briefly state what
will be performed under this procedure. If the procedure supersedes a previously issued
position paper, a statement should be made -“This procedure supersedes position paper
XXXxxx"].

3.0 Definitions {Optional]

Team The members of the HLW Tank 18 Waste Removal Technology
Team.

[Above is an example of the format of “definitions, " the definitions included here would be
dictated by the individual procedure].

4.0 Responsibilities

The Team Leader shall be responsible for the implementation of this procedure and for
initial approval and approval of changes to this procedure. [add any additional
responsibilities unigue to the activities coverad by this procedure)

The Team and support personnel are responsible for performing the [subject] process as
defined within this procedure. [Add any additional responsibilities unique to the activities
covered by this procedure]

[add any additional personnel/groups and their responsibilities unique to the activities
covered by this procedure. Where responsibilities can be designated it should be stated
here within the definition of the responsibility].

5.0 Discussion [Optional]

[This section should be used to provide clarification, history, philosophy as deemed
necessary by the author to aid in the overall understanding of the process covered by the
procedure - if process is simple and easily understood then no further explanation is
necessary ).
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6.0 Process

[ The overall process is depicted in the flowchart shown in Figure 1]

[The process methodology shall be defined in terms of “functional title” shall perform
“function” — topics may be added to logically divide functions or responsibilities or stages of
the process)

6.1 [TOPIC 1]

[ Topic process methodology]

[SUBTOPIC A]

[Subtopic process methodology]

[SUBTOPIC B}

[Subtopic process methodology]

(If documents require processing by document control, refer to the docurent Control
procedure] '

7.0 Recoids

Documents produced during the Team activities will be included in the Team's Final Report.
[name process) :

8.0 References

1. DTP-001, Desktop Procedure for the Development, Approval and Control of Desktop
Procedures.



HLW Tank 18 Waste Removal Systems Engineering Evaluation

Final Report

Figure 1:

WSRC-RP-2001-00024
Revision O
Page 55 of 235

(EXAMPLE) Determination of Risk and Risk Handiing Strategies

Select Alternative to Assess

y

Team and SME Discuss
Selected Alternative

Positive Answers
on Screening Sheet?

No

Section A

Document on 1D Form

Perform Horizontal Review




HLW Tank 18 Waste Removal Svstems Engineering Evaluation WSRC-RP-2001-00024
Final Report ~ Revision 0
Page 56 of 235

DTP-002

Revision 0

SAVANNAH RIVER SITE
HIGH LEVEL WASTE
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1.0 Purpose

This desktop procedure provides the necessary guidance and requirements for the HLW
Tank 18 Waste Removal Technology Team (Team) to perform the identification of ideas and
concepts.

2.0 Scope

This procedure shail be used by the Team, SMEs and/or Stakeholders to facilitate the
solicitation and documentation of ideas for use in the definition of a preferred strategy for

removal of HLW from Tank 18.

3.0 Definitions

Baseline Technology:

Demonstrated (Proven)

Technology:

Idea:

Pro-Forma:

Briefing Package:

Stakeholders:

Subject Matter Experts:

(SMEs)

The technology referenced in the project baseline for Tank 18
Waste Removal which consists of three slurry pumps and one
telescoping transfer pump.

Technology which is commercially available and/or has been
used in the nuclear industry.

A concept, if implemented, which would satisfy some or all of
the Tank 18 Waste Removal System functions and/or
requirements.

A Team form used to document a candidate idea for
consideration.

An information package to facilitate brainstorming. it contains
such things as the problem definition, critical mission need, top
level functions and requirements, a model representing the
generic solution{s) to developing a strategy, and a Pro-Forma
form (Attachment 1) to document ideas.

individuals or organizations potentially impacted by the
recommended alternative(s).

Individuals recognized by the Team as experts in a particular
field(s).
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4.0 Responsibilities

The Team is responsible for review and approval of this desktop procedure. The Team
approval of this desktop procedure shall be documented by the signature of the Team
Leader in the approval block of the procedure. Revisions will be annotated by sequential
revision numbers and approval.

The Team Leader is responsible for the implementation of this procedure.

The Team, SMEs and/or Stakeholders are responsible for identification of ideas as defined
within this procedure.

5.0 Discussion

The Team was formed to identify, evaluate, and select an integrated system (including
technology) to remove and transfer HLW from Tank 18 to another HLW tank. The activities
prescribed in this procedure use a systematic approach to facilitate the compietion of the
Team activities.

6.0 Process

' The overall process of identifying ideas for subsequent evaluation, is depicted in Figure 1.

Issue "Briefing
Package”
+ : ¥
issue "Pro-Forma® identity Srainstorm
selectively across site candidates and facliitator

y - L

Canduct Bralnstorming,
with Scribe to capture
ideas on Pro-Forma

wnvite Additional Ideas
{Inlormal Brainstorming)

Ideas presented to Team by
the icea Sponsor o selected
member

Figure 1. Process for Identification of ldeas
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6.1 Identification of ldeas

The methods to solicit and identify relevant ideas and concepts for subsequent evaluation
are as follows:

6.1.1 Formal brainstorming sessions shall be conducted. The Team shall identity
SMEs and Stakeholders to supplement the Team expertise. A briefing
package shall be distributed in advance of brainstorming activities in order to
provide invitees with ample time to think about solutions. Ideas presented
during the brainstorming shall be documented on a Pro-Forma form.

6.1.2 Input from other knowledgeable people not attending formal brainstorming
sessions will also be solicited. Target groups or organizations will be defined
by the Team. These individuals shall be different than those participating in
the formal brainstorming activity. These individuals shall be provided a
briefing package. Ideas submitted by individuals shall be documented on a
Pro-Forma form.

6.2 Documenting R_eéults

|deas and concepts identified through the methods described above shall be documented
. on a Pro-Forma form before it can be considered as a potential strategy or component
thereof.

7.0 Records

Documented results produced as a result of implementing this desktop procedure will be included in the
Team's Final Report.

8.0 References

1. DTP-001, HLW Tank 18 Waste Removal Technology Team Desktop Procedure
for the Development and Control of Desktop Procedures.
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Attachment 1
HLW Tank 18 Waste Removal System
Pro-Forma Form

Idea #: Sponsor: Date:
Originator: Phonet
Title:

Description:

Technical Maturity:

Safety Issues:

Advantages:

Disadvantages:




HLW Tank 18 Waste Removal Svstems Engineering Evaluation WSRC-RP-2001-00024
Final Report Revision 0
Page 61 of 235

Attachment 1 (cont’d)

Explanatory Notes for “Ildea Pro-Forma”

Idea — To be inserted by the Team, or designee.

Sponsor - the originator, a suitable “champion” or a Team member.
Date - Date submitted.

Originator - name and phone number needed for follow-up purposes.
Title - should capture the key unit operations of the proposed idea.

Description - should be a single paragraph technical description of the steps involved in the
proposed idea, clearly identifying where use is made of existing HLW processes/facilities or
other process/facilities at the SRS.

Technical Maturity - a key criterion for screening ideas. Define the current development
status of the process, (e.g., theoretical idea, chemistry proven in lab, fully commercialized
for non-nuclear applications, full nuciear operation).

Safety Issues - a key criterion for screening ideas. What significant safety issues would
have to be tackled on the proposed idea (e. g hazardous chemicals, risk of explosion, high
 temp, pressure, etc.)?

Advantages and Disadvantages - apart from safety and technical maturity, what are the
other principal advantages and dlsadvantages of the proposed idea, e.g., simplicity, cost,
operability, use of existing facilities, etc., as compared to the baseline technology.

Process Diagram (Optional) - If you can, sketch the princip;al steps of the process,
showing interaction with existing facilities, on the back of the sheet.

Completed Forms - Returned to Jim Menghi, either by E-mail or hard copy to 241-109F, or
FAX 2-3780. Otherwise, return to another member of the Team: Gary Abell, Tommy
Caldwell, Neil Davis, Nader Elraheb, Ed (Max) Howard, Bob Leishear, John McCullough, or
Dave Stefanko.
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DTP-003

Revision 1

SAVANNAH RIVER SITE

HIGH LEVEL WASTE
TANK 18 WASTE REMOVAL TECHNOLOGY TEAM

DESKTOP PROCEDURE FOR
THE

APPLICATION OF SCREENING CRITERIA

APPROVED: DATE:
Neil Davis
HLW Tank 18 Waste Removal Technology Team Leader




HLW Tank 18 Waste Removal Systems Engineering Evaluation

Final Report

1.0 Purpose

WSRC-RP-2001-00024
_ Revision O
Page 63 of 235

This desktop procedure provides the necessary guidance and requirements for the HLW Tank '
18 Waste Removal Technology Team (Team) to perform the screening of ideas resuiting in an
“Initial List” for subsequent evaluation.

20 Scope

This procedure shall be used by the Team, SMEs and/or Stakeholders to apply screening
criteria to candidate ideas developed by or submitted to, the Team.

3.0 Definitions

Baseline Technology:

Demonstrated (Proven)

Technology:

Idea:

Pro-Forma:

Screening Criteria:

Stakeholders:

Subject Matter Experts:

(SMEs)

The technology referenced in the project baseline for Tank 18
Waste Removal which consists of three slurry pumps and cne
telescoping transfer pump.

Technology which is commercially available and/or has been
used in the nuclear industry.

A concept, if implemented, which-would satisfy some or all of the
Tank 18 Waste Removal System functions and/or requirements.

A Team form used to document a candidate idea for
consideration.

Functions and/or requirements that must be met (non-negotiable)
for a candidate idea to be considered viable for subsequent
evaluation.

Individuals or organizations potentially impacted by the
recommended alternative(s).

SMEs are individuals recognized by the Team as
experts in a particular field(s).

4.0 Responsibilities

The Team is responsible for review and approval of this desktop procedure. The Team
approval of this desktop procedure shall be documented by the signature of the Team Leader in
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the approval block of the procedure. Revisions will be annotated by sequential revision
numbers and approval.

The Team Leader is responsible for the implementation of this procedure.

The Team, SMEs and/or Stakeholders are responsible for performing the application of
screening criteria as defined within this procedure.

5.0 Discussion

The Team was formed to identify, evaluate, and select an integrated system (including
technology) to remove and transfer HLW from Tank 18 to another HLW tank. The activities
prescribed in this procedure use the Systems Engineering Process described in the Systems
Engineering Guidance Manual, and will facilitate the completion of the Team activities.

6.0 Process

The overall process of screeriing ideas to develop an initial list is depicted in Figure 1.

DOCUMENT & STOP
{TABLE ID)

SELECT IDEA FOR
SCREENING

IDEA
MEETS SCREENING
CRITERIA

DOCUMENT IN TABLE | AND
NOTE COMMON IDEAS

DOCUMENT INITIAL LIST
{TABLE 1)

Figure 1. Idea Screening Process
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6.1Screening Criteria
The specific screening criteria to be applied and their bases are listed below:
1, Tﬁe idea performs part or all of the function(s).

Basis: If the idea does not contribute to the solution then it is of no value.

2. The idea supports the 6-30-03 completion of waste preparation and transfer of HLW from
Tank 18 to another receipt tank.

Basis: Supports the FFA commitments reflected in the HLW System Plan Rev. 11.
3. The TEC < $7.8M

Basis: Represents a 20% increase from current TEC of $6.5M which allows latitude to
consider more options. The $6.5M is the TEC/MR/Contingency for Tank 18 waste removal
(waste preparation and transfer) and excludes spray washing, tank isolation and closure,
and OPC.

4. Implementation does not require qualification of a new DWPF glass waste form.

Basis: Requalification is not acceptable based on long fead time to complete and
uncertainty of success.

5. The idea complies with regulatory requirements (OSHA, EPA/DHEC, SRS Safety and
Radcon Programs).

Basis: Noncompliance is unacceptable.
6.2 Application of Screening Criteria

For consistency during the screening process, the criterion listed above shall be applied as
shown in Figure 2. Each idea submitted to the Team shall be compared to the criteria as shown
in Figure 2.
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6.3 Participants

The Team expertise shall be supplemented by the use of SMEs and/or stakeholders, as
appropriate to facilitate accurate screening of submitted ideas.

6.4 Documenting Results

6.4.1 Accepted Ideas

Those ideas which satisfy the screening criteria, or for which insufficient information
exists to accurately assess the criteria, shall be documented in Table |. Common or
similar ideas shall be noted in Table { comments.

6.4.2 Rejected Ideas

if the application of any criterion results in an “unacceptable” response, then that idea is
rejected, and no further screening is required. |deas screened out at this level shall
have the screening criterion and causative failure documented (Table II) and drepped
from further consideration.

6.4.3 Initial List Ideas

Table Il will contain the unique ideas consolidated from Table | and will constitute the
initial list of ideas. ldeas from Table | covered by an initial list idea shaii be noted in the
comments of Table |, where appropriate.
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IDEA SUBMITTED

SCREENING
CRITERION NUMBER
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2
Z
3 >
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ST LoD 10 b
(TABLES | & 1))

Figure 2. Application of Selection Criteria
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7.0 Records

Documented results produced as a result of this desktop procedure will be included in the Team's
Final Report.
8.0 References

1. WSRC-IM-98-0033: Systems Engineering Methodology Guidance Manual - Appendix A,
Rev. 0.

2. DTP-001, HLW Tank 18 Waste Removal Technology Team Desktop Procedure for the
Development and Contro! of Desktop Procedures.
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DTP-004

Revision 0

SAVANNAH RIVER SITE

HIGH LEVEL WASTE
TANK 18 WASTE REMOVAL TECHNOLOGY TEAM

DESKTOP PROCEDURE FOR

RISK ANALYSIS

APPROVED: DATE:
Netl Davis
HLW Tank 18 Waste Removal Technology Team Leader
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1.0 Purpose

This desktop procedure provides the methodology for the HLW Tank 18 Waste Removal
Technology Team (Team) to perform risk analyses on the screened ideas.

2.0 Scope

This procedure shall be used by the Team. The application of the risk analysis process to the
ideas will involve the identification and evaluation of risks. The evaluation will include
determining a risk level (i.e. high, moderate, low), Risk Handling Strategies (RHS), and residual
risk levels. The risk analysis process concludes with preliminary cost and schedule estimates to
implement the necessary and sufficient RHS.

3.0 Definitions

Baseline Technology: The technology referenced in the project baseline for Tank 18
Waste Removal which consists of three slurry pumps and one
telescoping transfer pump.

Consequence of

Occurrence: The impact(s) realized as a result of a risk occurring.
Demonstrated (Proven)
Technology: Technology which is commercially available and/or has been used

in the nuclear industry.

Idea: A concept, if implemented, which would satisfy some or all of the
Tank 18 Waste Removal System functions and/or requirements.

Probability of

Occurrence: The likelihood that a risk will be realized.

Residual Risk Level: - The significance of the risk remaining after credit is taken for
proposed risk handiing strategies.

Risk: An issue that may cause an uncertainty.

Risk Acceptance: A handling strategy that accepts the risk “as is”. This type of

strategy does not attempt to reduce the risk level. Low and some
moderate level risks are examples of the types of risks that are
normally subject to being accepted.
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Risk Handling Strategy:

Risk Level:

Risk Mitigation:

Risk Prevention:

Risk Reduction:

Risk Transference:

Stakeholders:

Subject Matter Experts:

4.0 Responsibilities
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An approach which, if implemented, would eliminate or at least
reduce the consequence of a risk occurring. Handling strategies
can be grouped into the following five categories:

. Risk Prevention

. Risk Mitigation

+ Risk Reduction

» Risk Transference

. Risk Acceptance

The significance of the identified risk based on probability and
consequence considerations. The risk level.prior to or subsequent
to consideration of risk handling strategies are designated as RL
and RL,, respectively.

A handling strategy that mitigates the consequence of a risk. This
type of strategy essentially drives the consequences of a risk to
zero, eliminating the risk.

A handling strategy that prevents the risk from occurring
(avoidance). This type of strategy essentially drives the
probability of the risk occurring to zero, eliminating the risk.

A handling strategy that reduces risk, but does NOT eliminate it.
This type of strategy reduces the probability and/or the
consequences of a risk, but eliminates neither. The risk remains,
but at a reduced level.

A handling strategy that transfers the risk to a new owner (e.g.,
different project). The new owner must accept the risk before it
can be transferred.

Individuals or organizations potentially impacted by the
recommended strategy(s).

Individuals recognized by the Team as experts in a particular
field(s).
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The Team is responsible for review and approval of this desktop procedure. The Team

approval of this desktop procedure shall be documented by the signature of the Team Leader in
the approval block of the procedure.

The Teamn Leader is responsible for the implementation of this procedure.

The Team, SMEs and/or Stakeholders are responsible for performing the analysis of risk as
defined within this procedure.

5.0 Discussion

The Team was formed to identify, evaluate, and select an integrated system (including
technology) to remove and transfer HLW from Tank 18 to another HLW Tank. The activities
prescribed in this procedure use the Systems Engineering Process described in the Systems
Engineering Guidance Manual ", and will facilitate the completion of the Team activities.

The ideas are evaluated for risks to assist in down-selecting to the final recommendation.
Uncertainty and associated contingency analyses will be performed in more detail after the final
recommendation. The risk analysis will primarily focus on the ability of the ideas to satisty the
project baselines and issues relative to the four functions (bulk waste preparation, bulk waste
transfer, heel preparation, and heel transfer) that must be performed.

6.0 Process

The overall process of performing the risk analysis is depicted in Figure 1.

6.1  Risk Screening Criteria

To provide consistency in assessing risk, the risk screening criteria identified in Attachment 1
shall be applied to each idea or composite strategy. '

6.3 Risk {dentification

ldentified risks shall be documented on Attachment 2 whenever a “yes” results from the
previous step. Explanatory notes or bases should be provided for clarification.

6.4 Identify Probability of Occurrence



HLW Tank 18 Waste Removal Systems Engineering Evaluation WSRC-RP-2001-00024
Final Report Revision 0
Page 76 of 235

The qualitative probability (i.e., Very Likely, Likely, Unlikely, Very Unlikely), from Table | of the
risk initially oceurring, without taking credit for risk handling, shall be declared in Attachment 2.

6.5 Identify Consequences of Risk

The initial consequences which may result, without taking credit for risk handling, from the
identified risk shall be stated in Attachment 2 and quantified as to “Crisis, Critical, Significant,
Marginal, or Negligible” based on the definitions in Table II.

6.6 Horizontal Check for Consistency
The following steps shall be applied sequentially such that the consistency check is compiete.
6.6.1 Double Counting

The Risk Screening Area Checklist (Attachment 1) was created to assure that no risks are
overlooked. As a result, the same risk may be stated more than once for an idea. The following
guideline shall be followed to eliminate double-counting of the same or very similar risks:

Guideline: If a Risk Assessment Identification Form simply identifies an additional
- manifestation of a risk previously identified for the alternative, the risk
identified should be consolidated with the other manifestations. The
consolidation should preserve pertinent probability and consequence
information from each draft Identification Form. The risk screening area
in which the risk is preserved should be consistent with the area in which
this type of risk is documented for other alternatives.

6.6.2 Risk Statement Consistency Guideline

Over the period in which the risk assessment will be performed, the potential exists for
variations in the wording of the risk statements. Differences in wording may imply differences in
the risk, so it is important to assure that risks are stated consistently across the alternatives
assessed.

Guideline: A risk which applies to more than one alternative should be worded in
the same manner for each occurrence unless there is a distinguishing
aspect of its application to an alternative that is to be noted in the risk
statement.
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6.5.3 inclusiveness Guideline

As the risks are identified over a period of time for the various alternatives, new risks applicable
to alternatives previously assessed may be discovered. An attempt should be made to assure
that these new risks are identified for each alternative to which the risk is applicable.

Guideline:  After risks are identified for each alternative, the alternatives will be
assessed for applicability of all risks. If a risk is found to be applicable to
an alternative for which an identification form does not exist, an
identification form will be generated for that alternative.

6.5.4 Completeness Guideline

The horizontal review will be performed following the completion of the primary portion of the
risk assessment. Any subsequent additional knowledge obtained will offer the potential for a
changed view of risk probability and consequence. Any such changed views will be examined
in the horizontal review.

Guideline:  Additional information or reappraisals of the probability and/or
consequence of identified risks should be included in the values
assigned to the risk. Any risks not identified in the risk assessment, but
coming to light prior to or during the horizontal review should be
documented on the Risk Screening Area checklist and with an
identification form for the applicable alternative.

6.5.5 Uniformity Guideline

Due to the time period over which the risk assessment will be performed, the Team recognizes
the potential that the assigned risk probability and consequence levels (i.e., High, Medium, Low)
from alternatives assessed early in the process to those assessed toward the end of the
process will vary. In order to form a sound basis for the risk handling and adjustment process;
the Risk Levels (RL) must be similarly assigned from alternative to alternative for similar
probability and consequence. [Note that identical risk statements may appropriately have
different probability and consequence levels for different alternatives if the probability and/or
consequence of the risk are different for each alternative.]

*

Guideline:  Probabilities and consequences must be assigned on the same scale for
’ the different alternatives. Assigned probability or consequences which
are not comparable to the values used for similar risk probabilities and
consequences will be adjusted according to the values provided in
Tables | and |
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6.7 Determination of Risk Level

The Risk Level (RL or RLy), (i.e., High, Moderate or Low) will be determined by applying the
assigned probability and consequence factors to Table Ill. The risk level shall be recorded on
Attachment 2.

To define the levels of risk in Table Ill, the Team considered the guidelines provided in
references 1, 2, 3 and applied them as deemed appropriate to this stage of risk
analysis. '

6.8 Identify Risk Handling Strategies

For risks with a Risk Level of “High”, Risk Handling Strategies (RHS), shall be developed and
recorded on Attachment 2. This approach ensures that handling of risks, with at least a
“significant” consequence and "“likely” probability of occurrence, is addressed. Risk Handling
Strategies shalt consider; prevention, mitigation, reduction, transference, or acceptance of the
stated risks as methods of lowering the risk level.

6.9 Determine Schedule for Risk Handling Strategies

The estimated duration for completion of the proposed RHS shali be recorded on Attachment 2.
The Team, SMEs, and/or stakeholders will use “best judgement” to develop the estimated
durations. if the RHS does not result in lowering the RL;, to at least a “moderate” level, then an
“N/A” will be recorded for duration.

6.10 Determine Cost of Risk Handling Strategies

The estimated cost associated with the RHS shall be recorded on Attachment 2. The Team,
SMEs, and/or stakeholders will use “best judgement” to develop the estimated costs. The costs
will be rough order of magnitude in nature. !f the RHS does not result in lowering the RL, to at
least a “moderate” level, then an “N/A” will be recorded for cost.

6.11 Determine Impact of Risk Handling Strategy

Risk Handling Strategies are intended to either eliminate or, at a minimum, reduce the risk level.
Therefore, the Team will reevaluate the original probability and consequence levels assigned by
considering (i.e., take credit for) the proposed risk handling strategies defined for a particular
risk. An update (adjustment) to the consequence and/or probability and the resulting risk level
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wili be made and stated in Section F of Attachment 2. The rationale for lowering the
consequence or probability levels will be provided in the “Basis”.

The re-evaluated or “new” probabilities, consequences and resulting residual risk levels (from
Tables |, Il, and 11, respectively) will be annotated as Py, Cr,, and RL,. The subscript “h”
indicates that the impact of the RHL has been "handled". If no adjustments are made, then the
P., Ch, and RL, values will be the same as the original values.

6.12 Disposition of Ideas/Strategies Based on Risk

The Team shall review the residual risk RLy, levels for the risks identified. Each idea/strategy
containing “High” RL,, levels will be dropped from further consideration. A high RL, indicates
that feasible risk handling strategies could not be formulated to reduce the risk level to a
moderate or low level. .

The ideas or strategies with “Low” or “Moderate” RL, levels will be considered for further
evaluation. :
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Figure 1. Determination of Risk and Risk Handling Strategies
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7.0 Records

Documented results produced as a result of implementing this desktop procedure will be included in the
Team's Final report.

8.0 References

1. WSRC-IM-98-0033, "Systems Engineering Methodology Guidance Manual, Appendix B".
2. WSRC E7 Manual, "Conduct of Engineering and Technical Support”.

3. WSRC E11 Manual, "Conduct of Project Management and Control".

4. DTP-001, Tank 18 Waste Removal Technology Team Desktop Procedure for the
Development and Control of Desktop Procedures”.
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ATTACHMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria

Idea # Function

Rev. 11/8/00

Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.

Risk Screening Criteria

Potential for Risk?

No Low Yes

A. TECHNOLOGY

1

. New technology?

2

. Unknown or unclear technotogy?

3

. New application of existing technology?

4

. Modemized/advanced technology in existing application?

. INTERFACES

. Multiple system interfaces (e.g., canyons, transfer routes) an issue?

. Multiple technical agencies an issue?

. Interfaces with operating SSCs during construction/installation present issues?

. Interfaces with operating SSCs including testing present issues?

. Involves co-occupancy'issues?

. H&V/Negative pressure loss issues?

. Multipte Project/Facility interfaces cause issues?

. SAFETY

. Criticality potential?

. Significant exposure/contamination potential?

. Any significant impact or chaltenge to the Facility’s Authorization Basis?

. Hazardous material issues?

. Process hazard potential?

. Will hazardous materials inventories exceed the OSHA or Radiation Management Plan total quantities?

. Environmental assessment/impact statement issues?

. Additional releases?

. Undefined disposal methods?

. ﬁequire's substantial equipmént D&R?

. Emergency transfers needed?

. Political vutnerabilities (DOE, Congress, local govermmment) create significant issues?

.DESIGN

. Undefined, incompiete or unclear functional requirements?

. Undefined, incomplete or unclear design criteria?

. Complex design features (e.g., controls, seismic, compatibility)?

. Difficuit 1o perform functional test?

. Issues with the content, number or clarity of assumptions?

. Precludes portability of infrastructure?

B
1
2
3
4
5
6
7
[»
1
2
3
4
5
6
D. REGULATORY/ENVIRONMENTAL
1
2
3
4
5
B
E
1
2
3
4
5
6
7

. RAMI issues?

- Page1of2
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria

Idea # Function

Rev. 11/8/00

Risk Screening Criteria

Potential for Risk?

No I Low 1 Yes

F. RESOURCES/CONDITIONS

1 Are adequate and timely rasources, material, or equipment a concern?

2. Specialty resource requirements create concemns?

3. Are existing utility locations a concemn {(above/below ground)?

4. Are geological conditions a concem?

5. Is weather a concem?

6. Are critical lifts a concem?

7. Is there insufficient experience with the O&M of the proposed system?

G. SCHEDULE

1. Project Schedule uncertainties or restraints that may impact project completion or milestone dates?

2. Fast track critical needs issues?

H. PROCUREMENT

1. Long lead iterns that may affect critical path?

2. Potential unavailable qualified vendors or contractors?

3. Is the procurement strategy inadequate?

4. Is it a first-use subcontractor/vendor that presents issues?

5. Do vendor support issues exist?

I. OTHER

1. Contract issues?

2. Direct hire/subcontract issues?

3. Systems startup concems?

Page2of 2
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number: Date: Idea/Strategy Number:
Idea/Strategy Title:
A. Statement of Risk ( What are we concerned about?)

S

Basis for the risk:
Probability (P) {What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: |() Very Likely (O Likely () Unlikely () Very Unlikely
Basis for Probability of Occurrence:

Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, etc.)

Consequence Factor: O Crisis OCrilica] O Significant O Marginal O Negligible
Basis for Consequence Factor (State consequences): '

Risk Level (RL): O High O Moderate O Low
Risk Handling Strategy (RHS): '

Estimated Cost: Estimated Schedule:
Impact of Strategy on Risk Level (RL,):

New Probability (P): Basis:
() Very Likely (O vikety () Uniikely () Very Uniikety

New Consequence (Cy): - Basis
O Crisis OCriliCal OSigniﬁcant O Marginal ONcg]igib]a

Residual Risk Level RLy): | O High (O Moderate (QLow () Eliminated
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Table I — Risk Probability Thresholds

Probability of QOccurrence

Criteria
Qualitative Quantitative
Very Will not likely occur anytime in the life cycle of SRS facilities;
Unlikely =01 or the estimated recurrence interval exceeds 10,000 years*; or the

probability of occurrence is less than or equal to 10%.

Will not likely occur in the life cycle of the project or its
Unlikely > 0.1 but < 0.4 facilities; or c_sFimated rccurrenc_e interval exceeds 1000 years*,
or the probability of occurrence is greater than 10% but less than
or equal to 40%.

Will likely occur sometime during the life cycle of the project or
Likely > 0.4 but <0.8 its facilities; or estimated recurrence interval is between

10 - 1000 years*; or the probability of occurrence is greater than
40% but less than 80%.

Will likely occur sometime during the life cycle of the project; or
estimated recurrence interval is less than 10 years*; or the
probability of occurrence is greater than or equal to 80%.

Very Likely =208

*Time intervals 10 be customized per needs specific to the modification being assessed.
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Table 1I - Risk Consequence Thresholds

Consequence of Occurrence

Criteria
Qualitative Quantitative
» Minimal or no consequences; unimportant.
Negligible <01 » Some potential transfer of money, but budget estimates not exceeded.
e Negligible impact on program; slight potential for schedule change:
compensated by available schedule float.
» Small reduction in modification/project technical performance.
¢ Moderate threat to facility mission, envirenment, or people; may
Marginal 0210 0.4 requirg nﬁnor facility .rede.sign or rgpairj minor e‘nvironmental
remediation, or first aid/minor medical intervention.
o Cost estimates marginally exceed budget.* .
& Minor slip in schedule with some potential adjustment to milestones
required.*
* Significant degradation in modification/project technical performance.
¢ Significant threat to facility mission, environment, or people; requires
Significant 0510 0.7 some facil}(y redesigp or rcpail". significant environmental remediation,
or causes injury requiring medical treatment.
s Cost estimates significantly exceed budget.*
o Significant slip in schedule with resulting milestones changes that may
affect facility mission.*
e Technical goals of modification/project cannot be achieved.
» Serious threat to facility mission, environment, or people; possibly
completing only portions of the mission or requiring major facility
Critical 0.8t009 redesign or rebuilding, extensive environmental remediation, or intensive
medical care for life-threatening injury.
¢ Cost estimates seriously exceed budget.*
o Ezxcessive schedule slip unacceptably affecting overall mission of
facility/site/DOE objectives, etc..*
s Modification/project cannot be completed.
.. « Cost estimates unacceptably exceed budget.*
Crisis >0.9

» Catastrophic threat to facility mission, environment, or people;
possibly causing loss of mission, long term environmental abandonment,
and death.*

*Actual dollar values and scheduie delays to be determined, per the needs/limitations of the modification being

assessed.
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Table III — Risk Level {RL) Determination Matrix
Very
. Likely Low Moderate
e
© 8  Likely Low Moderate
e
£t
E = Unlikely Low Low Moderate | Moderate
. £ = . .
o Y
ery Low Low Low Low
Unlikely
Negligible Marginal  Significant Critical Crisis

Severity of Consequence
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This desktop procedure provides the methodology for the HLW Tank 18 Waste Removal
Technology Team (Team) to apply weighted evaluation criteria to the waste removal
(preparation/transfer) ideas which passed the screening procedure "

2.0 Scope

This procedure shall be used by the Team to rank the ideas based on a numerical score for use
as input to subsequent Team decisions.

3.0 Definitions

ldea:

Ranking:

Sensitivity Analysis:

Stakeholders:

Subject Matter Experts
(SMEs):

Utility Function (UF):

Utility Function Value
(UFV):

Weighted Evaluation
Criteria:

A concept, if implemented, which would satisfy some or all of the
Tank 18 Waste Removal System functions and/or requirements.

The ordering of ideas (alternatives) based on the numerica!l scores
{high to low) resulting from the application of weighted evaluation
criteria.

Determining if there are large changes in rankings based on small
changes (+10%) in the evaluation criteria weights or UFV.

Individuals or organizations potentially impacted by the
recommended alternative(s).

Individuals recognized by the Team as experts in a particular
field(s).

A statement describing a specific characteristic of an attribute.

The numerical value assigned to a specific UF. The most
desirable UF is assigned a value of 100 and the least desirable is
assigned a value of zero.

Key attributes (and their relative importance to each other)
considered in the evaluation of ideas. Aftributes have the
following characteristics:
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Independence from each other.

2. Address all necessary and sufficient functions and
requirements.

3. Universally understood by evaluators.
Differentiate meaningfully among alternatives without bias.

Be quantifiable (e.g., analysis, subject matter expertise, Team
judgement, etc.)

4.0 Responsibilities

The Team is résponsible for review and approval of this desktop procedure. The Team
approval of this desktop procedure shall be documented by the signature of the Team Leader in
the approval block of the procedure. ’

The Team Leader is responsible for implementing this procedure.

The Team and identified Stakeholders and/or SMEs are responsible for performing the
application of weighted evaluation criteria as defined in this procedure.

5.0 Discuséion

The Team was formed to identify, evaluate, and select an integrated system (including
technology) to remove and transfer HLW from Tank 18 to another HLW tank. The activities
prescribed in this procedure use a systematic approach to facilitate the completion of the Team
activities.

Application of the weighted evaluation criteria defined in this procedure will result in a ranking
based on numerical scoring. This ranking will be used as input by the Team in subsequent
alternative selection.

To provide consistency in understanding and application of the weighted evaluation criteria,
Utility Functions (UF) are assigned to each evaluation criterion. This provides a basis for
discussion and comparison of each idea versus the evaluation criteria.

A sensitivity analysis will be used to highlight changes in rankings based on small {e.g., < +
10%) changes in weighted values of evaluation criteria or utility function values assigned.
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6.0 Process

The overall procéss of ranking the Tank 18 waste removal (preparation and transfer)
alternatives based on weighted evaluation criteria is depicted in Figure 1.

6.1 Define Evaluation Criteria

The evaluation criteria, associated definitions and basis selected by the Team will be
documented.

The Team may elect to subdivide the evaluation criteria {which wili be referred to as Level 1
criteria) into subcriteria (which will be referred to as Level 2 criteria) if further resolution is
desired. If level 2 criteria are used, then at least two are required for the Level 1 criterion they
represent.

Each Level 1 criterion will be identified by title (category), an identification number (1.0, 2.0, 3.0,
etc.), a definition to facilitate the universal understanding of the criterion by the Team, and a
stated basis.for its selection. Each Level 2 criteria shall have the same type of information
documented as that for Level 1 criteria. {Note: A Level 2 criterion identification number shall be
traceable to its respective Level 1 criterion (1.1, 1.2, 1.3, etc).} See Attachment 1 for a typical
method of documenting the required information.

6.2 Weighting of Evaluation Criteria

Once the evaluation criteria are defined, the Team will “weight” the criteria with respect to their
relative importance to each other. The criterion judged to be most important will have the
highest weight factor. The bases for the relative importance, i.e., weight, of the criteria shall be
- provided. '

Level 1 and Level 2 criteria weight factors will be expressed as a decimal within a range of
greater than zero to less than unity (>0.0 to <1.0). The sum of all weights for the Level 1 criteria
shall equal 1.0. Level 2 criteria will also be comparison weighted, but only against the other
Level 2 criteria within the same Level 1 criterion. Likewise, the sum of Level 2 criteria weights,
within their assigned Level 1 criterion, shall equal 1.0.

6.3 Define Utility Functions and Values
WUtility functions provide a means of quantifying aspects of the evaluation criteria for a more
objective evaluation of the ideas or strategies to ensure a more consistent application.

Utility functions will only be developed and assigned at the lowest criterion level, i.e. if Level 2
criteria exist then utility functions are only defined for the Level 2 criterion and no utility functions
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are defined for the parent Level 1 criterion. Figure 2 provides examples of assigned utility
functions when onty Level 1 criteria exist or when Level 2 criteria also exist.

Typically, three to five utility functions will be defined and assigned to an evaluation criterion.
Utility functions define levels or scenarios of acceptability from “most desirable” to “least
desirable” for the evaluation criterion to which they are assigned. The most desirable utility -
function will be assigned a value of 100 and the least desirable will be assigned a vaiue of zero.
The value of intermediate level utility functions are assigned numerical values greater than zero
and less than 100 depending on the desirability of that specific utility function. Interpolation
between stated utility function values (UFV) is permissible if it represents a more accurate
evaluation.

Attachments 2 through 4 provide a typical method for recording utility functions and the
associated values selected by the Team. Commercially available software programs, e.g.
Logica!l Decisions® provide useable formats as well.

6.4 Evaluation of Alternatives

Each of the alternatives will be evaluated against each evaluation criterion (Level 1 or Level 2)
and the respective utility functions. The utility function value which “best describes” the idea
under consideration will be identified and recorded along with an explanatory note(s} to clarify
the Tearm’s decision. Inputs from risk assessments, SMEs, stakeholders, studies, etc., are
usefu! at this step.

Attachments 2 through 4 also provide a typical method for recording the information generated
in this step.

6.5 Consistency Check

After completion of the previous steps, a “vertical slice” assessment is conducted to compare
the UFV assigned to each of the alternatives. Adjustments or changes shall be completed to
ensure consistency in the assignment of UFVs between alternatives.

6.6 Weighted Scoring of ldeas

Weighted scoring of ideas is obtained by multiplying the evaluation criterion weights by the
defined utility function values selected, and adding up the products to yield a total weighted
score for each alternative. Higher scores represent better compliance with the evaluation
criteria than lower scores. The formulae for computing weighted scores are listed on
Attachments 2, 3 and 4.

A typical method for recording the idea being evaluated, the Level 1 or 2 evaluation criteria,
weights, utility functions, values, and scores is shown in Attachments 2 through 4.
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6.7 Sensitivity Analysis

A sensitivity analysis seeks to determine if small changes (+10%) in criteria weighting have a
significant affect on the numerical scores calculated for each idea. Potential uncertainty and
bias in assigning criteria weights can result based on the engineering judgements used to
determine them.

If significant changes in idea ranking occur as a result of small changes in criteria weighting,
then the criteria need to be re-evaluated/weighted to produce insensitive results.
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Figure 1: Definition and Use of Weighted Evaluation Criteria
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7.0 Records

Documented results produced as a result of implementing this desktop procedure will be included in the

Team's Final Report.

8.0 References
1. DTP-003, "Desktop Procedure for the Application Of Screening Criteria”®

2. DTP-001, "Desktop Procedure For the Development, Approval And Control Of Desktop
Procedures” '
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ATTACHMENT 1
HLW Tank 18 Waste Removal Technology Team
Evaluation Criteria Definitions, Weights & Bases
Identification Form

Level 1 Criterion Title:

Criterion Number: X.0

Criterion Definition:

Weight Assigned: 0.

Basis:

Level 2 Subcriterion Title:

Subcriterion Number: X.1
Subcriterion Definition:

Weight Assigned: 0.
Basis:

Level 2 Suberiterion Title:
) ‘ Subcriterion Number: X.1

Subcriterion Definition:

Weight Assigned: 0.

Basis:

For additiona!- Level 2 criterion, foilow the same format as above.
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Attachment 2
HLW Tank 18 Waste Removal Technology Team

Level 1 Evaluation Criteria Assessment Form

Strategy/Idea Number: Strategy/ldea Title
Date:
A. Evaluation Criterion Title:

Evaluation Criterion Description:

B. Evaluation Criterion 1D #:

(Note 1)

C. Evaluation Criterion Weighied Value: W1 - 0 00

D. Utility Functions:
Utility Function (UF} Value (V) = T Level 2 Criterion Weighted Score {(WS)
(Note 2) ' ’

E. UF Value Formula: V=

~ (Note 3)

F. Evaluation Criterion weighted score for the W) x V) = Weighted Score . _0.00 x_0

= _00.0

Alternative:
Explanatory Notes for Weighted Score:

Notes:

1. For Level 1 Evaluation Criterion, the ID# is described by X.0, where X = 1, 2, 3,etc. For Level 2 Evaluation
Criterion, the ID# is described by X.1, X.2, X.3, etc. where ‘X’ is the Level I Evaluation Criterion ID#.

2. Utility Function values range from 0 (least desirable) to 100 (most desirable).

3. If Level 2 Criterion are used, the sum of the Level 2 “Weighted Scores” must be multiplied by the Level

Weight to determine the Level 1 Weighted Score.
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Attachment 3
HLW Tank 18 Waste Removal Technology Team
Level 1 Evaluation Criteria Assessment Form

Strategy/ldea Number: Strategy/ltem Title
Date:
A. Evaluation Criterion Title:

Evaluation Criterion Description:

B. Evaluation Criterion 1D #:

(Note 1)
C. Evaluation Criterion Weighted Value: W‘| = 0.00
E.  Utlity Functions: ' UF Value
. {Note 2)
Utility Function (UF) Description:
UF.1 0.0
UF.2 0.0
UF.3 : 0.0
UF.4 - _ 0.0
UF.5 0.0
UF Value:
E. V1 - 0
Explanatory Notes for UF Selected:
F. Evaluation Criterion weighted score (WS) for the W, x Vi=WS . _000 x_0 = _ 000
Alternative:
Notes:

1. For Level 1 Evaluation Criterion, the ID# is described by X.0, where X = 1, 2, 3,etc. For Level 2 Evaluation
Criterion, the ID# is described by X.1, X.2, X.3, etc. where ‘X’ is the Level 1 Evaluation Criterion ID#.

2. Utility Function values range from 0 {least desirable) to 100 (most desirable).

3. If Level 2 Criterion are used, the sum of the Level 2 “Weighted Scores” must be multiplied by the Level 1
Weight 1o determine the Level 1 Weighted Score
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Attachment 4
HLW Tank 18 Waste Removal Technology Team

Level 2 Evaluation Criteria Assessment Form

Strategy/ldea Number: Strategy/ldea Title
Date:
A. Evaluation Criterion Title:

Evaluation Criterion Description:

B. Evaluation Criterion ID #:

(Note 1)

C. Evaluation Criterion Weighted Value: W2 = 0_00

F.  Utility Functions: UF Value

(Note 2)
Utility Function (UF) Description:

UF.1 0.0

UF.2 0.0

UF.3 0.0

- UF.4 0.0

UE.5 0.0

E. UF Value: : V') - 0
Explanatory Notes for UF Selected:

F. Evaluation Criterion weighted score (WS) for the Wyx Vo=WS o _000 x_0 = __ 000
Alternative:

Notes:

I. For Level 1 Evaluation Criterion, the ID# is described by X.0, where X = 1, 2, 3, etc.
For Level 2 Evaluation Criterion, the ID# is described by X.1, X.2, X.3, etc. where
‘X" is the Level I Evaluation Criterion ID#.

2. Utility Function values range from 0 (least desirable) to 100 (most desirable).

3. If Level 2 Criterion are used, the sum of the Level 2 “Weighted Scores” must be
multiplied by the Level I Weight 10 determine the Level 1 Weighted Score.
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DTP-006

Revision 0

SAVANNAH RIVER SITE
HIGH LEVEL WASTE

TANK 18 WASTE REMOVAL TECHNOLOGY TEAM

DESKTOP PROCEDURE

FOR THE

TANK 18 WASTE REMOVAL STRATEGY SELECTION PROCESS

APPROVED: DATE:
Neil Davis
Tank 18 Waste Removal Technology Team Leader
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HLW Tank 18 Waste Removal Systems Engineering Evaluation
Final Report

1.0 Purpose

This desktop procedure provides the methodology for the HLW Tank 18 Waste Removal
Technology Team (Team) to select a recommended Waste Removal (preparation/transfer)
Strategy from the list of submitted ideas.

2.0 Scope

This procedure shall be used by the Team to select the recommended strategy based on
stakeholder and SME input, advantages, disadvantages, risks, weighted evaluation criteria, and
modeling (as needed). Team judgement and expertise will be used to make the final selection.

3.0 Definitions

ldea: A concept which , if implemented, would satisfy some or all of the
Tank 18 Waste Removal System functions and/or requirements.

Ranking: The ordering of ideas and/or strategies based on the numerical
scores (high to low) resulting from the application of weighted
evaluation criteria

Risk: An issue that may cause an uncertainty.

Risk Level: The significance of the identified risk based on probabiiity and
conseguence considerations.

Short List: The list of the final (~5) Strategies to be evaluated by the Team
from which the recommended Strategy will be selected.

Stakeholders: Individuals or organizations potentially impacted by the
recommended strategy(s).

Strategy: An idea or combination of ideas that will satisfy the functions and
requirements of the Tank 18 Waste Removal Program.

Subject Matter Expert Individuals recognized by the Team as experts ina

(SMEs): particular field(s).

Weighted Evaluation Key attributes (and their relative importance to each other)

Criteria: considered in the evaluation of ideas. Attributes have the

following characteristics:
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1. Independence from each other.

2. Address all necessary and sufficient functions and
requirements.

Universally understood by evaluators.
Differentiate meaningfully among alternatives without bias.

Be guantifiable (e.g., analysis, subject matter expertise, Team
judgement)

Waste Removal: The preparation and transfer of high level waste (e.g., sludge, salt,
supernate, zeolite) from a waste tank to another waste tank.
Waste removal may consist of "bulk waste removal® and "heel
removal”.

4.0 Responsibilities

The Team is responsible for review and approval of this desktop procedure. The Team
approval of this desktop procedure shall be documented by the signature of the Team Leader in
the approval block of the procedure.

The Team Leader is responsible for the implementing this procedure.

The Team is responsible for performing the selection of a recommended HLW Tank 18 Waste
Removal Strategy. .

5.0 Discussion

The Team was formed to identify, evaluate, and select an integrated system (including
technology) to remove and transfer HLW from Tank 18 to another HLW tank. The activities
prescribed in this procedure use a systematic approach to facilitate the completion of the Team
activities.

Ideas were solicited for each of the four major functions to be performed, i.e., bulk waste
preparation, bulk waste transfer, heel preparation, and heel transfer. Approximately 150 ideas
were submitted to, or identified by, the Team for possible use in waste/heel preparation and/or
transfer. These ideas were screened and further developed for clarity and understanding by the
Team.

Application of the selection process defined in this procedure will result in the recommendation
of an overall strategy for Tank 18 waste removal which is manageable, technically achievable,
and implementable.
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Process

The overall process of selecting the Tank 18 waste removal strategy is depicted in Figure 1.
Due to the large number (~150) ideas submitted, the Team has defined a “down selection

6.1

6.2

6.3

6.4

6.5

Preliminary Screening Criteria

Each individual idea or strategy will be evaluated against the "five point" screening
criteria”’. Those which pass are carried forward for further consideration. Those that fail
are identified in the Final Report.

Idea Ranking

The individual ideas will be scored against Weighted Evaluation Criteria® and ranked
numerically. This will provide the Team some insight as to the overall vaiue of each idea
when compared to the evaluation criteria.

Strategy Development

The higher scoring ideas in each of the four functional areas (bulk waste preparation,
bulk waste transfer, heel preparation, heel transfer) shall be reviewed and combined, as
appropriate, by the Team (and SMEs as needed) into unique strategies to satisfy the
waste removal from Tank 18. Lower scoring ideas may also be incorporated into the
strategies if, in the Team's judgement, there is value added in doing so, e.g., synergy
eftects. :

Risk Analysis

The Team shall determine if any strategies have high risks for which no reasonable risk
handling strategy can be identified. Strategies falling into this category shall be
eliminated from further consideration and identified in the Final Report. The remaining
strategies are carried forward for further consideration.

Strategy Ranking

The result of combining ideas into a strategy may affect how well the composite
strategy meets the weighted criteria. As such, the strategies will be scored against

the Weighted Evaluation Criteria ® and ranked numerically. This will provide the Team
some insight as to the overall value of each strategy when compared to the evaluation
criteria. The Team will select a Short List of the most viable strategies for further
consideration in the downselect process. .
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" Strategy Selection

The Team will review the information developed on the Short List with Subiect Matter
Experts and Stakeholders, as necessary, and begin a detailed comparison and selection
of the preferred strategy. Enhancements of strategies will also be considered at this time.
The relative importance of factors considered, by the Team, to make its selection, shall
be consistent with predecessor activities. Additional factors (e.g., schedule, costs, total
risk level, ease of implementation, portability, integration) should be considered if not
done so previously. The Team’s proposed recommended Strategy will be compared to
the

numerical rank within the Short List. 1f the proposed recommended Strategy is
inconsistent with the ranking then a justification or reconciliation is required.
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7.0 References
1. DTP-003, "Desktop Procedure for the Application of Screening Criteria”
2. DTP-004, "Desktop Procedure for the Risk Analysis"

3. DTP-005, "Desktop Procedure for the Application of Weighted Evaluation
Criteria” _

4, DTP-001, "Desktop Procedure for the Development, Approval and Control of
Desktop Procedures”
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ATTACHMENT 3

IDENTIFICATION OF IDEAS BRIEFING PACKAGE
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SAVANNAH RIVER SITE

HIGH LEVEL WASTE

TANK 18 WASTE REMOVAL TECHNOLOGY

Identification of ldeas Briefing Package

Approved:

Neil Davis: HLW Tank 18 Waste Removal Technology Team Leader
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Introduction

The Waste Removal Project, S-W 183, is required to provide equipment and facilities
necessary for the removal of radioactive salt and sludge waste from existing storage
tanks in the F-Area and H-Area Tank Farms. The Tank 18 Waste Removal Technology
Team has been formed with the charter to identify and select a preferred alternative for
removing approximately 75,000 gallons of sludge from the tank. The term “removal” as
defined by the Team includes both preparation and transter of waste.

The Team has put this briefing package together to facilitate the solicitation of ideas
and/or concepts which will be reviewed for viability and future consideration.

The contents of this package include:

1. A Problem Definition Statement

2. The Mission Need Statement

3. The top level functions and associated requirements wh|ch must be satisfied by any
proposed idea

4. A simplified Tank 18 system boundary mode!

5. References used by the Team

6. Definitions

An |dea description form (Pro-Forma) and instructions for completing

These items are intended to provide only general guidance to prospective participants
who wish to submit ideas on the Pro-Forma description form. Anyone needing more
detailed information should contact a member of the Tank 18 Waste Removal

* Technology Team.
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Problem Statement

It is not known if the Tank 18 baseline waste removal method and system will perform as
required.

Basis:

o Three standard 150 hp slurry pumps mounted in the three available risers were
used to remove siudge from Tank 18 in the mid-1980’s. The pumps were
irregularly spaced in the east, west and northwest risers. An estimated 42,000
galions of sludge remained after a prolonged studge removal campaign. The
pumps were unable to develop the required effective cieaning radius (ECR) in
this orientation. The suspended sludge settied in the quiescent zones in the
tank. The Tank 19 hee! removal demonstration will add an estimated 33,000
gallons of sludge to Tank 18 in FYO1.

» The baseline calls for refurbishing three standard sturry pumps and installing
them in the same risers. This baseline was chosen as a financial “placeholder”
in full recognition that it is not a viable means to remove the remaining sludge.

« Cognizant engineers associated with the waste removal project assumed that a
standard slurry pump with a single discharge could be used to increase the ECR.
This pump was tested at TNX and demonstrated to have a 40' ECR. The
required ECR is 57 to reach the most remote part of the tank.

« Alternate sludge mobilization technologies (Flygt mixers) were demonstrated in
Tanks 17 and 20 with marginal success on small volumes of sludge. Improved
versions of these mixers will be deployed in Tank 19 during 9/00; however, much
more development is required to remove the estimated 75,000 gallons that will
be in Tank 18.

IMPACTS:

Tank 18 must be closed by March 2004. Failure to do so will result in a violation of the
Federal Facilities Agreement. SCDHEC could levy fines and penaities.

Mission Need

Move HLW from Tank 18 to another HLW Tank.
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HLW TANK 18
WASTE REMOVAL TECHNOLOGY

MISSION FUNCTION LEVEL 1

F-1: Move HLW from Tank 18 to another HLW Tank

MISSION REQUIREMENTS LEVEL 1

R-1-1:  Shall meet the requirements of Site Standards.

R-1-2:  Shall meet the requirements of the General Tank Closure
Plan such as Performance Assessments, Residual
Amounts, efc.

R-1-3:  Shall meet the requirements of the FPR Rev. 0.
R-1-4:  Shall meet the requirements of the FDC Rev. 2.

R-1-5:  Shall meet the requirements of the Waste Water
Operating Permit.

R-1-6:  Shall meet the requirements of the Waste Acceptance Criteria
(Downstream). ‘-

R-1-7: Shaii meet ine requirei‘neﬁts of the Authorization Bases
such as Tank Top Loading, Structural Integrity Data
Base, Corrosion Control, etc.
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REFERENCES

A.

Project Technical Baseline Documents
B-1 G-FPR-G-00019, Rev. 0

G-FDC-G-00029, Rev. 2, and amendments

G-TRT-G-000086, “Interim Functional Classification of SSCs for Liquid
Radioactive Facilities”.

Project Cost Baseline

B-1. F&H Area Tank Farm Reconfiguration, Project # - 5-183, Tank # 18
Reconfigured, 4/14/2000.

Project Schedule Baseline :
C-1. HLW-2000-00019, Rev. 11, SRS HLW System Plan

Authorization Basis

D-1. WSRC-SA-33, “LRWHF Safety Analysis Report”

D-2. WSRC-TS-96-14, “Technical Safety Requirements for F-Area Tank
Farm”.

D-3. WSRC-TR-99-00205, “CST/WPT Facilities Justification for
Continued Operation”.

D-4. G-TRT-G-00003, “TSR Administrative Contro! Compliance
Requirements”.

“Regulatory Requirements

E-1. Industrial Wastewater Closure Plan for F- and H-Area High-Level
Waste Tank Systems, July 10, 1996

E-2. Federal Facility Agreement for the Savannah River Site, August 16,

1993
Lessons Learned
F-1. Savannan River Site — High Level Waste Tank Closure Lessons

Learned, April 29-30, 1998, Atlanta, Georgia
F-2. Waste Removal Lessons Learned, N. Davis, February 3, 2000
F-3. Tank 8 Lessons Learned, draft
F-4 Hanford Tank 101-AZ Mixer Pump Lessons Learned, draft
F-5 Tank 19 Lessons Learned, draft
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Definitions

Validation — provides the opportunity for stakeholder input and feedback at key points
during the execution of the Systems Engineering Evaluation process.

Waste Removal — the preparation and remova! of high level waste (e.g., sludge, salt,
supernate, zeolite) from a waste tank to another location. Waste removal may consist of
“bulk waste removal” and “heel removal”.

Bulk Waste Removal — is defined as removing the first 99% of the original volume of
waste which typically means leaving no more than 10,000 gallons of waste in the tank at
the completion of bulk waste removal. This operation is typically done with slurry
pumps.

Heel Removal — the purpose of heel removal is to remove as much of the remaining
waste as required to enable the tank to pass a Performance Assessment indicating that
the tank is ready to close. Preliminary calculations indicate that Tank 18 must have no
more that 1,000 gallons of sludge remaining at the time of closure. Heel removal on
Tanks 16, 17, and 20 employed several different techniques in addition to slurry pumps.

Decision-Makers — the HLW Program Board consisting of the Level 1 and 2 Managers
in the HLW Division and matrixed support managers.

Baseline Technology — the waste removal technology for Tank 18 identified in project
documentation (e.g., Functional Performance Requirements, Functional Design Criteria)
. which includes 3 standard slurry pumps and 1 telescoping transfer pump.

Stakeholders — Individuals or organizations potentially impacted by the recommended
alternative(s). :

Subject Matter Experts — SMEs are individuals recognized by the Team as expertsin a
particular field(s). . :

Idea — A concept, which if implemented would satisfy some or all of the Tank 18 Waste
Removal system functions and/or requirements.
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Attachment 1
HLW Tank 18 Waste Removal System
Pro-Forma Form

Idea #: Sponsor: Date:

Originator: Phone #:
Title:

Description:

Technical Maturity:

Safety Issues:

Advantages:

Disadvantages:
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Attachment 1 (cont’d)

Explanatory Notes for “ldea Pro-Forma”

Idea — To be inserted by the Team, or designee.

Sponsor - the originator, a suitable “champion” or a Team member.
Date - Date submitted.

Originator - name and phone number needed for follow-up purposes.
Title - should capture the key unit operations of the proposed idea.

Description - should be a single paragraph technical description of the steps involved in
the proposed idea, clearly identifying where use is made of existing HL.W
processes/facilities or other process/facilities at the SRS.

Technical Maturity - a key criterion for screening ideas. Define the current
development status of the process, (e.g., theoretical idea, chemistry proven in lab, fully
commercialized for non-nuclear applications, full nuclear operation).

Safety Issues - a key criterion for screening ideas. What significant safety issues would
_have to be tackled on the proposed idea (e.g., hazardous chemicals, risk of explosion,
high temp, pressure, etc.)? )

Advantages and Disadvantages - apart from safety and technical maturity, what are
the other principal advantages and disadvantages of the proposed idea, e.g., simplicity,
cost, operability, use of existing facilities, etc., as compared to the baseline technoiogy.

Process Diagram (Optional) - If you can, sketch the principal steps of the process,
showing interaction with existing facilities, on the back of the sheet.

Completed Forms - Returned to Jim Menghi, either by E-mail or hard copy to 241-
109F, or FAX 2-3780. Otherwise, return to another member of the Team: Gary
Abell, Tommy Caldwell, Neil Davis, Nader Elraheb, Ed (Max) Howard, Bob Leishear,
John McCullough, or Dave Stefanko.
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ATTACHMENT 4

RESULTS OF THE IDEA SCREENING
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Alternative  Utility

A-d
A-l

A-70
A-T3
A-T2
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A-74
A-12
A-d
A-53
A-46
A-44
A-66
A-35
A-3

A-32
A-2

A-6

A-51
A-52
A-50
A-68
A-15
A-45
A-36
A-69
A-18
A-33
A-28
A-26
A-22
A-34
A-37

£9.52
88.94
87.74
84.72
84.23
83.61
§2.61
82.03
80.51
79.48
79.30
78.85
77.20
76.40
75.92
75.33
74.40
71.79
70.26
69.51
65.25
60.69
54.07
53.30
51.82
50.48
49.88
48.13
45.05
41.40
38.66
38.30
30.41
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Attachment 6; Strategy Scoring
Table IV Listing of Strategies
Strat No Type Strategy Description F1 F2 PM F2 RT F3 F3A F4

1 S1 Pump |Advanced Design Mixer Pump _ |ADMP TTP TK1 Tie-In ADMP None Same as F2

2 S2 Pump |Advanced Design Mixer Pump _ JADMP TTP TK1 Tie-In ADMP ARD Same as F2

3 S3 Pump _|Advanced Design Mixer Pump |ADMP TiP TK1 Tie-In ADMP Chem Same as F2

4 S4 Pump _|Advanced Design Mixer Fump  |ADMP TTP TK1 Tie-In ADMP Sluicer Same as F2

5 S5 Pump |Advanced Design Mixer Pump _ |ADMP TTP Hose-in-Hose |ADMP None Same as F2

5] S6 Pump |Advanced Design Mixer Pump _ |[ADMP TTP Hose-in-Hose |[ADMP ARD Same as F2

7 57 Pump lAdvanced Design Mixer Pump _ADMP TTP Hose-in-Hose [ADMP Chem Same as F2

8 S8 Pump JAdvanced Design Mixer Pump |ADMP TTP Hose-in-Hose [ADMP Sluicer Same as F2

9 S8 Pump |Advanced Design Mixer Pump  |ADMP BIBO TK1 Tie-In ADMP None Same as F2
101 S10 Pump |Advanced Design Mixer Pump  |ADMP BIBO TK1 Tie-in ADMP ARD Same as F2
11 S Pump |Advanced Design Mixer Pump |ADMP BIBO TK1 Tie-In ADMP Chem Same as F2
12| 812 Pump [Advanced Design Mixer Pump _ JADMP BIBO TK1 Tie-In ADMP Sluicer Sameg as F2
13 S13 Pump JAdvanced Design Mixer Pump _ |ADMP BIBO Hose-in-Hose |ADMP None Same as F2
14 S14 Pump |Advanced Design Mixer Pump |ADMP BIBO Hose-in-Hose |ADMP ARD Same as F2
15 S15 Pump |Advanced Design Mixer Pump _ |ADMP BIBO Hose-in-Hose |ADMP Chem Same as F2
16| S16 Pump |Advanced Design Mixer Pump __ |ADMP BIBO Hose-in-Hose |ADMP Sluicer Same as F2
17 S17 Pump |Advanced Design Mixer Pump |ADMP Diode TK1 Tie-In ADMP None Same as F2
18] S18 Pump {Advanced Design Mixer Pump |ADMP Diode TK1 Tie-in ADMP ARD Same as F2
19 S19 Pump |Advanced Design Mixer Pump  JADMP Diode TK1 Tie-In ADMP Chem Same as F2
20 S20 Pump |Advanced Design Mixer Pump _JADMP Diode TK1 Tie-In ADMP Sluicer Same as F2
21 s21 Pump [Advanced Design Mixer Pump _ |ADMP [Diode Hose-in-Hose JADMP None Same as F2
22| S22 Pump tAdvanced Design Mixer Pump |ADMP Diode Hose-in-Hose |JADMP ARD Same as F2
23] 8§23 Pump |Advanced Design Mixer Pump |ADMP Diode Hose-in-Hose |ADMP Chem Same as F2
24| S24 Pump |Advanced Design Mixer Pump __|ADMP Diode Hose-in-Hose |ADMP Sluicer Same as F2
25} 825 Pump |Quad Volute Slurry Pump QvVsP TTP TK1 Tie-In QVSP None Same as F2
28] S26 Pump [Quad Volute Slurry Pump QVSP TTP TK1 Tie-in QVSP ARD Same as F2
27| S27 Pump [CQuad Volute Slurry Pump QVSP TTP TK1 Tie-In QVSP Chem Same as F2
28] S28 Pump {Quad Volute Slurry Pump QVsSP TTP TK1 Tie-In QVSP Sluicer Same as F2
29] S29 Pump |Quad Volute Slurry Pump QVSP TTP Hose-in-Hose |QVSP None Same as F2
39| 830 Pump |Quad Volute Slurry Pump QVSP TTP Hose-in-Hose [QVSP ARD Same as F2
a 531 Pump |Quad Volute Slurry Pump QVSP TP Hose-in-Hose |JQVSP Chem Same as F2
32| 832 Pump [Quad Volute Slurry Pump QVSP TTP Hose-in-Hose |QVSP Sluicer Same as F2
33 533 Pump |Quad Volute Slurry Pump QVSP BIBO TK1 Tie-ln QVSP None Same as F2
341 834 Pump |Quad Volute Slurry Pump QVSP BiBO TK1 Tie-In QVSP ARD Same as F2
35| 8§35 Pump |Quad Volute Slurry Pump QVSP BIBO TK1 Tie-In QVSP Chem Same as F2
36| S36 Pump jCuad Volute Slurry Pump QVsP BIBO TK1 Tie-In QVSP Sluicer Same as F2
37 837 Pump [Quad Volute Slurry Pump QVSP BIBO Hose-in-Hose |QVSP None Same as F2
38| S8 Pump |Quad Volute Slurry Pump QVSP BIBO Hose-in-Hose [QVSP ARD Same as F2
39| 839 Pump |Quad Volute Slurry Pump QVSP BIBO Hose-in-Hose |QVSP Chem Same as F2
40| 840 Pump [Quad Volute Slurry Pump QVSP BIBO Hose-in-Hose |QVSP Sluicer Same as F2
41 541 Pump |Quad Volutg Slurry Pump Qvsp Dicde TK1 Tie-in QVSP Nong Same as F2
42| S42 Pump _|Quad Volute Slurry Pump QVSP Diode TK1 Tie-In QVSP ARD Same as F2
43] S43 Pump {Quad Volute Slurry Pump QVSP |Diode TK1 Tie-In QVSP Chem Same as F2
44| S44 Pump__ |Quad Volute Slurry Pump QVSP Diode TK1 Tie-tn Qvse Sluicer Same as F2
45] S45 Pump [Quad Volute Slurry Pump QVSP Diode " |Hose-in-Hose [QVSP None Same as F2
46| S46 Pump |Quad Volute Slurry Pump QvspP Diode |Hose-in-Hose jQVSP ARD Same as F2
47| 547 Pump |Quad Volute Slurry Pump QVSP Diode Hose-in-Hose |QVSP Chem Same as F2
48| 548 Pump [Quad Volute Slurry Pump QVSP Diode Hose-in-Hose |QVSP Sluicer Same as F2
49] S49 Pump |[Modified QVSP/ADMP Modified TTP TK1 Tie-In Modified None Same as F2
50| S50 Pump (Modified QVSP/ADMP Modified TTP TK1 Tie-In Modified ARD Same as F2
51 S$51 Pump {Modifiegd QVSP/ADMP Modified TTP TK1 Tie-in Modified Chem Same as F2
52] S52 Pump |Moditied QVSP/ADMP Moditied TTP TK1 Tie-In _ |Moditied Sluicer Same as F2
531 553 Pump |Modified QVSP/ADMP Modified TTP TK1 Tie-In Modified Arm Same as F2
54| S54 Pump |Modified QVSP/ADMP Modified TTP Hose-in-Hose |Modified None Same as F2
55| S55 Pump [Modified QVSP/ADMP Modified TTP Hose-in-Hose |Modified ARD Same as F2
56] S56 Pump |Modified QVSP/ADMP Modified TTP Hose-in-Hose {Maodified Chem Same as F2
57| S57 Pump |[Modified QVSP/ADMP Modified TIP Hose-in-Hose |Modified Sluicer Same as F2
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Strat No Type Stralegy_Description F1 F2 PM F2RT F3 F3A F4
58 S58 Pump tModified QVSP/ADMP Modified TTP Hose-in-Hose |Modified Armm Same as F2
59 559 Pump [Mcdified QVSP/ADMP Modified BIBO TK1 Tie-In Moditied None Same as F2
60 S60 Pump [Modified QVSP/ADMP Modified BIBO TK1 Tie-In Moditied ARD Same as F2
61 S61 Pump [Mcdified QVSP/ADMP Modified BIBO TK1 Tig-In Modified Chem Same as F2
52 562 Pump IMcdified QVSP/ADMP Modified BIBO TK1 Tie-In Modified Sluicer Same as F2
83 S63 Pump  IMedified QVSP/ADMP Modified BIBO TK1 Tie-In Modified Arm Same as F2
64] S64 Pump [Mcdified QVSP/ADMP Modified BIBO Hose-in-Hose |Modified None Same as F2
65 565 Pump |Modified QVSP/ADMP Modified BIBO Hose-in-Hose |Modified ARD Same as F2
66| S66 Pump [Modified QVSP/ADMP Modified BIBO Hose-in-Hose |Modified Chem Same as F2
67 S67 Pump  |Modified QVSP/ADMP Modified BI1BO Hose-in-Hose |Modified Sluicer Same as F2
58 S$68 Pump |Modified QVSP/ADMP Moedified BIBO Hose-in-Hose |Modified Arm Same as F2
69 S69 Pump |Modified QVSP/ADMP Modified Biode TK1 Tie-In Modified None Same as F2
70 S70 Pump |Modified QVSP/ADMP Modified Diode TK1 Tie-In Modified ARD Same as F2
71 S71 Pump |Modified QVSP/ADMP Modified Diode . TK1 Tie-In Modified Chern Same as F2
72 872 Pump |Moditied QVSP/ADMP Modified Diode TK1 Tie-In Moditied Sluicer Same as F2
73 S73 Pump |Modified QVSP/ADMP Modified Diode TK1 Tie-In Modified Arm Same as F2
74 574 Pump [Modified QVSP/ADMP Moditied |Diode Hose-in-Hose |Modified |None Same as F2
75 8§75 Pump [Modified QVSP/ADMP Moditied Diode Hose-in-Hose |Modified ARD Same as F2
76| 8&76 Pump [Modified QVSP/ADMP - Modified Diode Hose-in-Hose |Modified Chem Same as F2
77 S77 Pump |[Moditied QVSP/ADMP Modified Diode Hose-in-Hose |Moditied Sluicer Same as F2
78] §78 Pump {Modified QVSP/ADMP Modified Diode Hose-in-Hose |Modified Arm Same as F2
79| 8§79 Pump {Slurry Pumps 45Ps C|TTP TK1 Tie-In 45Ps None Same as F2
80} S8o0 Pump {Slurry Pumps 45Ps TTP TK1 Tie-In 45Ps ARD Same as F2
81 S81 Pump  [Slurry Pumps 45Ps TP TK1 Tie-In 45Ps Chem Same as F2
82| 882 Pump  [Slurry Pumps 45Ps TTP TK1 Tie-In 45Ps Sluicer Same as F2
83| SB3 Pump  [Slurry Pumps 45Ps TTP TK1 Tie-In 45Ps Am Same as F2
84| SB4 Pump  [Slurry Pumps 4SPs TTP Hose-in-Hose |45Ps None Same as F2
85 585 Pump |Slurry Pumps 4SPs TTP Hose-in-Hose |45Ps ARD Same as F2
86| S86 Pump {Slurry Pumps 45Ps TTP Hose-in-Hose |45Ps Chem Same as F2
87| S87 Pump  {Slurry Pumps 45Ps TTP Hose-in-Hose [4SPs Sluicer Same as F2
88{ 588 ° Pump |Slurry Pumps 45Ps TTP Hose-in-Hose |45Ps Arm Same as F2
B9; S89 Pump  |Slurry Pumps 4SPs BIBO TK1 Tie-In 43Ps None Same as F2
90 890 Pump  |Sturry Pumps 45Ps BIBO -|TK1 Tig-In 4SPs ARD Same as F2
91 $91 Pump  |Sturry Pumps 45Ps BIBO TK1 Tie-In 4SPs Chem Same as F2
92 592 Pump  |Slurry Pumps 45Ps 8iBO TK1 Tie-In 45Ps Sluicer Same as F2
93] §93 Pump [Slurry Pumps 45Ps 8I1BO TK1 Tie-In 48Ps Arm Same as F2
94 594 Pump Slurry Pumps 45Ps BIBO Hose-in-Hose |4SPs None Same as F2
95| S85 Pump |Slurry Pumps 45Ps BIBO Hose-in-Hose |45Ps ARD Same as F2
96] S96 Pump  [Slurry Pumps 45Ps BIBO Hose-in-Hose [4SPs Chem Same as F2
97| S97 Pump  [Slurry Pumps 48Ps BIBO Hose-in-Hose |4SPs Sluicer Same as F2
98] S98 Pump  [Slurry Pumps 45Ps BIBO Hose-in-Hose |45Ps Arm Same as F2
99| 889 Pump  [Slurry Pumps 45Ps Diode TK1 Tie-In 45Ps None Same as F2
100] Si100 Pump  |Slurry Pumps 4SPs Diode TK1 Tie-tn 45Ps ARD Same as F2
101 S$101 Pump  |Slurry Pumps 48Ps Diode TK1 Tie-in 45Ps Chem Same as F2
102} S102 Pumg  |Slurry Pumps 4SPs Diode TK1 Tie-In 45Ps Sluicer Same as F2
103] S103 Pump  |Slurry Pumps 45Ps Diode TK1 Tie-In 4SPs Arm Same as F2
104] S104 Pump |Slutry Pumps 45Ps Diode Hose-in-Hose |45Ps None Same as F2
105] 3105 Pump |Slurry Pumps 45Ps Diode Hose-in-Hose |4SPs ARD Same as F2
106] $106 Pump |Slurry Pumps 45Ps Diode Hose-in-Hose |4SPs Chem Same as F2
107] $107 Pump {Slurry Pumps 45Ps Diode Hose-in-Hose |4SPs Sluicer Same as F2
108] S108 Puymp {Slurry Pumps 45Ps Diode Hose-in-Hose [4SPs Am Same as F2
109] S109 Robatics |ARD ARD ARD TK1 Tie-Iln ARD None Same as F2
110 S110 Robotics |ARD ARD ARD Hose-in-Hose |ARD None Same as F2
111 Si11 Robaotics |Houdin/CSEE Houdini Houdini TK1 Tie-In Houdini None Same as F2
112 S§112 Robotics |Houdini/CSEE Houdini Houdini Hose-in-Hose |Houdini None Same as F2
113] S113 Arm Am/CSEE Arm Am ITK1 Tie-In Am None Same as F2
114]  S114 Arm _ [Am/CSEE Arm Arm |Hose-in-Hose |Am |None Same as F2
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Effectiveness F H K L N
N=F".4+H*.1+L"5
Strat No Type Strategy Description F1 Effect F2 PM |Etfect F2 AT Effect F3 Eftect Overz
Scor

1 S1 Pump |Advanced Design Mixer Pump |ADMP__ {93 TTP 93 TKA Tig-In 100 None 85 89

2 S2 Pump |Advanced Design Mixer Pump |ADMP 193 TP 93 TK1 Tie-in 100 ARD 95 94
3 S3 Pump jAdvanced Design Mixer Pump {ADMP 193 TTP 93 TK1 Tie-In 100 Chem |98 95.5
4 54 Pump__{Advanced Design Mixer Pump JADMP__ |93 TTP 93 TK1 Tie-In 100 Sluicer |90 91.5

5 55 Pump  [Advanced Design Mixer Pump |ADMP_ |93 TTP 93 Hose-in-Hose | 100 None 85 B9

6] S6 Pump _ |[Advanced Design Mixer Pump |ADMP__ {93 TP 193 Hose-in-Hose [100 ARD 95 94
7 57 Pump _ [Advanced Design Mixer Pump |ADMP 193 TTP 93 Hose-in-Hose {100 Chem |98 95.5
8 58 Pump _|Advanced Design Mixer Pump . |ADMP 93 TP 93 Hose-in-Hose [100 Sluicer 190 g91.5
9 59 Pump [Advanced Design Mixer Pump __ |JADMP 193 BIBO |95 TK1 Tie-In 100 Ncne 85 89.2
10y  S10 Pump _|Advanced Design Mixer Pump |ADMP _ 193 BIBO {95 TK1 Tie-in 100 ARD 95 94.2
11 511 Pump |Advanced Design Mixer Pump |ADMP 193 BIBO |85 TK1 Tie-In 100 Chem |98 95.7
12] 812 Pump__|Advanced Design Mixer Pump JADMP 193 BIBO |95 TK1 Tie-In 100 Sluicer |90 91.7
13| 813 Pump |Advanced Design Mixer Pump _ |ADMP 193 BIBO |95 Hose-in-Hose |100 None B5 89.2
14 S14 Pump |Advanced Design Mixer Pump |ADMP__ |93 BIBO |95 Hose-in-Hose |100 ARD a5 94.2
15 815 Pump lAdvanced Design Mixer Pump |ADMP__ {93 BIBO {95 Hose-in-Hose 100 Chem 98 95.7
16 S$18 Pump |Advanced Design Mixer Pump |ADMP (93 BIBO |95 Hose-in-Hose {100 Sluicer 90 N7
17| 8§17 Pump _ [Advanced Design Mixer Pump _ [ADMP |93 Diode (99 TK1 Tie-In 100 None 85 89.6
18| 518 Pump |Advanced Design Mixer Pump  |ADMP__ 193 Diode [99 TK1 Tie-In 100 ARD g5 94.6
19|  S19 Pump _|Advanced Design Mixer Pump |ADMP |93 Diode {99 TK1 Tie-in 100 Chem |98 96.1
20 520 Pump |Advanced Design Mixer Pump |ADMP |93 Diode |99 TK1 Tie-In 100 Sluicer |90 92.1
21 s21 Pump__|Advanced Design Mixer Pump ADMP |93 Diode |99 Hose-in-Hose 100 None B5 B89.6
22 g22 Pump |Advanced Design Mixer Pump _ |JADMP__ |93 Diode |99 Hose-in-Hose | 100 ARD 95 94.6
23] 823 Pump |Advanced Design Mixer Pump |ADMP__ [93 Diode |99 Hose-in-Hose [100 Chem |98 96.1
241 S24 Pump __|Advanced Design Mixer Pump  [ADMP__ 193 Diode 199 Hose-in-Hose {100 Slyicer |80 921
25| 825 Pump [Quad Volute Slurry Pump QVSP |83 TTP 93 TK1 Tie-In 100 None 80 825
27|  S27 Pump |Quad Volute Slurry Pump QVSP |83 TP 93 TK1 Tie-In 100 Chem 198 91.5
28 §28 Pump [Quad Volute Slurry Pump QVSP |83 TP 93 TK1 Tie-In 100 Sluicer |80 a7.5
29 529 Pump [Quad Volute Slurry Pump QVSP |83 TTP 93 Hose-in-Hose [100 None 80 825

30| S30 Pump |Quad Volute Slurry Pump QVSP |83 TP 93 Hose-in-Hose |100 ARD 95 90
N 531 Pump |Quad Volute Slurry Pump QVSP 183 TTP 93 Hose-in-Hose [ 100 Chem |98 91.5
32| 832 Pump [Quad Volute Siurry Pump QVSP |83 TTP 93 Hose-in-Hose 1100 Sluicer |90 87.5
33 833 Pump |Quad Volute Slurry Pump QVSP |83 BIBO |95 |TK1 Tie-In 100 None 80 82.7
34 S34 Pump |Quad Volute Slurry Pump QvVSP |83 BIBO . |95 TK1 Tie-In 100 ARD 95 90.2
351 835 Pump |Quad Volute Siurry Pump QVSP |83 BIBO |95 TK1 Tie-In 100 Chem |98 91.7
36| S36 Pump |Quad Volute Slurry Pump QVSP |83 BIBO [95 TK1 Tie-In 100 Sluicer |80 87.7
37 537 Pump [Quad Voluts Sturry Pump QVSP |83 BIBO [95 Hose-in-Hose {100 None 80 B82.7
38| S38 Pump |Quad Volute Slurry Pump QVSP 183 BIBO |95 Hose-in-Hose {100 ARD 95 90.2
39| S39 Pump |Quad Volute Slurry Pump QVSP |83 BiBO_ |95 Hose-in-Hose | 100 Chem |98 91.7
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40] S40 Pump |Quad Volute Slurry Pump QVSP 183 BIBO |95 Hose-in-Hose 100 Sluicer {90 87.7
41 sS4 Pump |Quad Volute Slurry Pump QVSP |83 Diode |99 TK1 Tie-tn 100 None a0 83.1
42| S42 Pump |Quad Volute Slurry Pump QvsP |83 Diode |99 TK1 Tie-In 100 ARD 95 80.6
43| 843 Pump [Quad Volute Slurry Pump QVSP |83 Diode |99 TK1 Tie-In 100 Chem |98 g92.1
44| S44 Pump  |Quad Volute Slurry Pump QvsP |83 Diode |89 TK1 Tig-In 100 Sluicer |90 88.1
45 S45 Pump |Quad Volute Slurry Pump QVSP |83 Diode |89 Hose-in-Hose |100 None 80 83.1
46| 546 Pump |Quad Volute Slurry Pump QvsSP  [83 Diode 199 Hose-in-Hose (100 ARD 95 90.6
47] 847 Pump  |Quad Volute Slurry Pump QvsP (83 Diode 199 Hose-in-Hose 100 Chem {98 921
48 S48 Pump |Quad Volute Slurry Pump QVSP |83 Diode 199 Hose-in-Hose [100 Stuicer |90 88.1
49| 549 Pump |Modified ADMP Modified {89 TP 93 TK1 Tie-In 100 None 50 69.9
50| S50 Pump  |Modified ADMP Modified |89 TIP 93 TK1 Tie-In 100 ARD 95 92.4
51 S51 Pump  |Modified ADMP Moditied j89 TIP 93 TK1 Tie-tn 100 Chem |98 93.9
52| S52 Pump  |Modified ADMP Modified {89 TIP 93 TK1 Tie-tn 100 Sluicer |90 89.9
53] S53 Pump  |Modified ADMP Modified |89 TP 93 TK1 Tie-in 100 Am 95 92.4
54 554 Pump |Modified ADMP Modified |89 TTP 93 Hose-in-Hose 100 None 50 69.9
55| S55 Pump  |Modified ADMP Modified |89 TTP 93 Hose-in-Hose [100 ARD 95 92.4
56 556 Pump |Modified ADMP Modified |89 TTP 93 Hose-ir-Hose 100 Chem 98 93.9
57| 857 Pump-  |Modified ADMP Modified |89 TTP 93 Hose-in-Hose |100 Sluicer [90 89.9
58] S58 Pump |Moditied ADMP Modified |89 TTP 93 Hose-in-Hose [100 Amm 95 92.4
59| 859 Pump  |Modified ADMP Modified |89 BIBO [95 TK1 Tie-In 100 None 50 701
60| S60 Pump  |Modified ADMP Modified |89 BIBO [95 TK1 Tie-In 100 ARD g5 92.6
61 561 Pump  |Modified ADMP : Madified |89 BIBO [95 TK1 Tie-In 100 Chem |98 94.1
62] 862 Pump |Modified ADMP Modified |89 BIBO [95 TK1 Tie-In 100 Sluicer |90 90.1
63] S63 Pump |Moditied ADMP Moditied |89 BIBO [95 TK1 Tie-In 100 Arm g5 92.6
64| S64 Pump |Moditied ADMP [Modified |89 BIBO [85 Hose-in-Hose 100 None 50 70.1
65| S65 Pump  |Moditied ADMP Modified |89 BIBO [395 Hose-in-Hose [100 ARD 95 92.6
66 S66 Pump |Moditied ADMP Modified [89 BIBO |95 Hose-in-Hose [100 Chem 98 94.1
&7 S67 Pump [Moditied ADMP Modified 189 BIBO g5 Hose-in-Hose [100 Sluicer |90 90.1
68] S68 Pump |Modified ADMP Medified |89 BIBO |95 Hose-in-Hose [100 Arm 95 92.6
69| 569 Pump |Moditied ADMP Mcdified |89 Diode 199 TK1 Tie-In 100 None 50 70.5
70| S70- Pump |Modilied ADMP Modified [89 Diode |99 TK1.Tie-In 100 ARD 95 93

71 S71 Pump |Modified ADMP Modified [89 Diode |99 TK1 Tie-In 100 Chem |98 94.5
72| 872 Pump {Modified ADMP Modified [89 Diode |99 TK1 Tie-in 100 Sluicer |90 90.5
73| S73 Pump jModified ADMP Modified (89 Diode |99 TK1 Tie-In 100 Armn 95 93

74] S74 Pump _ |Modified ADMP Modified (89 Diode |98 Hose-in-Hose | 100 None 50 70.5
75] S75 Pump _jModified ADMP Modified [B9 Diode |98 Hose-in-Hose [100 ARD 95 93

76 576 Pump IModified ADMP Modified |89 Diode |99 Hose-in-Hose 100 Chem 98 94.5
77| 8§77 Pump [Modilied ADMP Modified {89 Diode |99 Hose-in-Hose |100 Sluicer |90 20.5
78] S78 Pump |Moditied ADMP Moditied |89 Diode |99 Hose-in-Hose [100 Am 95 93

79{ 879 Pump  |Slurry Pumps 45Ps 92 TP 93 TK1 Tie-In 100 None 85 B8.6
80] S8BO Pump  |Slurry Pumps 45Ps g2 TTP 83 TK1 Tie-In 100 ARD 95 93.6
81 SB1 Pump |Slurry Pumps 45Ps g2 TIP 93 TK1 Tie-In 100 Chem |98 95.1
82| S8z Pump  |Slurry Pumps 45Ps a2 TTP 93 TK1 Tie-In 100 Sluicer |90 911
B3| S83 Pump  |Slurry Pumps 4SPs 92 TTP 93 TK1 Tie-tn 100 Ammn 95 93.6
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84| SB4 Pump  [Slurry Pumps 45Ps 92 TTP 93 |Hose-in-Hose 100 None 85 88.6
85 585 Pump |Slurry Pumps 45Ps 92 TTP 93 |Hose-in-Hose |100 ARD 95 93.6
86 SB86 Pump |Slurry Pumps 45Ps 92 TTP 93 |Hosa-in-Hose {100 Chem 98 95.1
87| &87 Pump _|Slurry Purmps 45Ps 92 TP 93 [Hosa-in-Hose [100 Sluicer |80 911
88| S88 Pump |Sturry Pumps 4SPs 92 TTP 93 |Hose-in-Hose |100 Arm 95 93.6
89| 889 Pump {Slurry Pumps 45Ps 92 B8IBO g5 |TK1 Tie-In 100 None 85 88.8
o)) SS90 Pump |Slurry Pumps 4SPs 92 BIBO 95 |TK1 Tie-In 100 ARD 95 93.8
91 $91 Pump [Slurry Pumps 4SPs 92 BIBO g5 {TK1 Tie-In 100 Chem |98 95.3
g2| S92 Pump [Slurry Pumps 4SPs 92 BIBO 95 |TK1 Tie-In 100 Sluicer |80 91.3
g3] S83 Pump |Slurry Pumps 45Ps 92 BIBO 95 |TK1 Tie-In 100 Arm 95 93.8
94] 594 Pump |Slurry Pumps 4SPs 82 BIBO 95 IHose-in-Hose {100 None 85 88.8
95 $95 Pump |Slurry Pumps 45Ps 92 B1BO 95 |Hose-in-Hose |100 ARD 95 93.8
96| 896 Pump |Slurry Pumps 45Ps g2 BIBO 95 |Hose-in-Hose |100 Chem |98 95.3
97{- S97 Pump |Slurry Pumps 4SPs g2 BIBO 95 |Hose-in-Hose [100 Sluicer {90 1.3
08| S98 Pump |Slurry Pumps 45Ps 92 |8IBO 95  [Hose-in-Hose [100 Arm 95 93.8
g9 5898 Pump  Slurry Pumps 45Ps 92 Diode |99 [TK1 Tie-In 100 None a5 89.2
100] S$100 Pump [Slurry Pumps 45Ps 92 Diode [99 [TK1 Tie-in 100 ARD 95 4.2
101] S11 Pump [Slurry Pumps 4SPs 92 Diode 99  |TK1 Tie-In 100 Chem |98 95.7
102] S102 Pump |Slurry Pumps 45Ps 92 Diode 99 |TK1 Tig-In 100 Sluiger 90 91.7
103] S103 Pump |Slurry Pumps 4SPs 92 Diode 99 |TK1 Tig-In 100 Arm 95 94.2
104] S104 Pump |Sturry Pumps 45Ps 92 Diode |89 |Hose-in-Hose |100 None 85 89.2
106( 3105 Pump |Slurry Pumps 45Ps 92 Diode 99 |Hose-in-Hose [100 ARD 95 094.2
106] S106 Pump 1Slurry Pumps 4SPs g2 Diode 99 |Hose-in-Hose |100 Chem |98 95.7
107] S107 Pump |[Slurry Pumps 45Ps 92 Diode 99 |Hose-in-Hose {100 Sluicer {90 91,7
108] S108 Pump |Slurry Pumps 45Ps 92 Diode 99 |Hose-in-Hose |[100 Am 895 94,2
108 5109 Robotics |ARD ARD 85 ARD 70 |TK1 Tie-in 100 None 95 88.5
110] $110 Robotics jARD ARD 85 ARD 70 JHose-in-Hose |100 None 95 88.5
111] 8111 Robotics |Houdin/CSEE Houdini |75 Houdini |70 |TK1 Tie-In 100 None 895 84.5
112{ S112 Robotics [Houdini/CSEE Houdini |75 Houdini |70 [Hose-in-Hose 1100 None 95 84.5
113] S113 Arm Armm/CSEE Arm 88 Arm 70 |TK1 Tie-In 100 None 95 89.7
114] S114 Amm_ JAm/CSEE Amm 88 Amm 70 |Hose-in-Hose [100 None 95 BY.7
115 Effectiveness F H K L N
N=F*.4+H".1+L°5
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Table V.4 Complexity Scores
Complexity F H J L N
N=F*.4+H".054J".15+L".4
Strat Type Strategy Description F1 Complex| F2 PM | Complex F2RT Complex F3 Complex |Overal
No Score
11 S1 Pump |Advanced Design Mixer Pump  |ADMP 187 TTP 90 TK1 Tie-In 86 None |98 91.4
2| S2 Pump |Advanced Design Mixer Pump  |ADMP__ 187 TTP 90 TK1 Tie-In 86 ARD |80 84.2
3] S3 Pump [Advanced Design Mixer Pump  JADMP__ {87 TTP 90 TK1 Tie-In a6 Chem |71 80.6
4| S4a Pump |Advanced Design Mixer Pump {ADMP __ |B7 TTP 90 TK1 Tie-In 86 Sluicer {70 BO.2
5 85 Pump |Advanced Design Mixer Pump  |ADMP__ 187 TTP 80 Hose-in-Hose |83 None |98 90.95
6| S6 Pump |Advanced Design Mixer Pump  |ADMP__ |87 TTP ad Hose-in-Hose |83 ARD 8O 83.75
7| 87 Pump |Advanced Design Mixer Pump _ |ADMP__ |87 TTP a0 Hose-in-Hose |83 Chem |71 80.15
Bl S8 Pump__jAdvanced Design Mixer Pump [ADMP__ (87 TTP 90 Hose-in-Hose |83 Sluicer |70 79.75
9] 89 Pump jAdvanced Design Mixer Pump |ADMP |87 BIBO 86 TK1 Tie-In___ [86 None |98 91.2
10| S10 Pump |Advanced Design Mixer Pump {ADMP_ {87 BIBO 86 TK1 Tie-In 86 ARD {84 85.6
11] 811 Pump |Advanced Design Mixer Pump _ |JADMP |87 BIBO B6 TK1 Tie-in 86 Chem |71 80.4
12| 812 Pump |Advanced Design Mixer Pump  |ADMP |87 BIBO 86 TK1 Tie-In 86 Sluicer |70 80
3] $13 Pump |Advanced Design Mixer Pump |ADMP |87 BIBO 86 Hose-in-Hose |83 None |98 80.75
i4] S14 Pump |Advanced Design Mixer Pump  |ADMP__ |87 BIBO 86 Hose-in‘Hose |83 ARD |84 B5.15
15| 515 Pump__lAdvanced Design Mixer Pump |ADMP {87 BIBO 86 Hose-in-Hose |83 Chem |71 79.95
16 S16 Pump |Advanced Design Mixer Pump {ADMP |87 BIBO |86 Hose-in-Hose |83 Sluicer {70 79.55
17| S17 Pump |Advanced Design Mixer Pump  |ADMP |87 Diode |87 TK1 Tie-In 86 None |98 91.25
18| S18 Pump |Advanced Design Mixer Pump |ADMP |87 Diode 87 TK1 Tie-in 86 ARD BO 84.05
19| 819 Pump |Advanced Design Mixer Pump _ |ADMP |87 Dicde {87 TK1 Tie-In 86 Chem |71 80.45
20| S20 Pump |Advanced Design Mixer Pump |ADMP |87 Dicde 87 TK1 Tie-In 86 Sluicer |70 80.05
21| 821 Pump |Advanced Design Mixer Pump |ADMP {87 Diocde 87 Hose-in-Hose |83 None 198 90.8
22| S22 Pump |Advanced Design Mixer Pump JADMP 187 Diode B7 Hose-in-Hose |83 ARD |80 83.6
23] 823 Pump |}Advanced Design Mixer Pump _ |ADMP__ |87 Dicde 87 Hose-in-Hose |83 Chem |71 B0
24} S24 Pump |Advanced Design Mixer Pump  |ADMP |87 Diode |87 Hose-in-Hose |83 Sluicer |70 79.6
25| 825 Pump |Quad Volute Slurry Pump QVSP |85 TTP 90 TK1 Tie-In 86 None {89 91
26| S26 Pump |Quad Volute Siurry Pump QVSP |85 TP 90 TK1 Tie-In 86 ARD {80 83.4
27] s27 -{ Pump |Quad Volute Slurry Pump QVSP |85 TP S0 TK1 Tie-In 86 Chem {71 79.8
28| S28 Pump |Quad Volute Slurry Pump QVSP |85 TTP . |90 TK1 Tie-In 86 Sluicer {70 79.4
29| 529 Pump |Quad Volute Slurry Pump QVSP |85 TP 90 Hose-in-Hose |83 None {99 90.55
30f S30 Pump |Quad Volute Slurry Pump QVSP |85 TTP 90 Hose-in-Hose |83 ARD 80 8§2.95
31| 831 Pump |Quad Volute Slurry Pump QVEP |85 TTP 190 Hose-in-Hose 183 Chem |71 79.35
32| 532 Pump |Quad Volute Slurry Pump QVSP {85 TP |80 Hose-in-Hose |83 Sluicer |70 78.95
33| §33 Pump [Quad Volute Slurry Pump QVSP |85 BIBO 86 TK1 Tie-In 86 None |99 90.8
34| S34 Pump  |Quad Volute Slurry Pump QVSP |85 - |BIBO 86 TK1 Tie-In 86 ARD |84 84.8
35 835 Pump |Quad Volute Slurry Pump QVSP |85 BIBO. |86 TK1 Tie-In 86 Chem |71 79.6
36] S36 Pump |Quad Volute Slurry Pump QvSP 185 88O 86 TK1 Tie-In 86 Sluicer |70 79.2
37| S37 Pump |Quad Volute Slurry Pump QVSP |85 BIBO 86 Hose-in-Hose |B3 Nope |99 90.35
38| Sas Pump |Quad Volute Slurry Pump QVSP |85 BIBO 86 Hose-in-Hose |83 ARD |84 84.35
39] §39 Pump |Quad Volute Slurry Pump QVSP |85 BIBO 86 Hose-in-Hose |83 Chem 71 79.15
40] 840 Pump |Quad Velute Slurry Pump QVSP |85 BIBO 86 Hose-in-Hose |83 Sluicer {70 78.75
41| S41 Pump |[Quad Volute Slurry Pump QVSP |85 Dicde 87 TK1 Tig-In 86 None |99 90.85
42| S42 Pump [Quad Volute Slurry Pump QVSP |85 Dicde 87 TK1 Tie-In 86 ARD 80 83.25
43| 543 Pump |Quad Volute Slurry Pump QVsSP |85 Dicde |87 TK1.Tie-In 86 Chem |71 79.65
44! S44 Pump |Quad Volute Slurry Pump QVSP |85 Diode |87 TK1 Tie-In 86 Sluicer |70 79.25
45| S45 Pump |Quad Volute Slurry Pump QVSP {85 Diode  |B7 Hose-in-Hose 183 Neone |99 190.4
46| 546 Pump |Quad Volute Slurry Pump QVSP |85 Diode [87 Hose-in-Hose |83 ARD 180 82.8
47| 547 Pump [Quad Volute Slurry Pump QVSP |85 Diode  [87 Hose-in-Hose |83 Chem |71 79.2
48] S48 Pump |Quad Volute Slurry Pump QVSP |85 Diode 87 Hose-in-Hose 183 Sluicer |70 78.8
49] S49 Pump [Modified ADMP |Modified {77 TTP 90 TK1 Tie-In 86 MNone |98 87.4
50| S50 Pump |Modified ADMP |Modified |77 TTP 90 TK1 Tie-In 86 ARD |80 80.2
51| S51 Pump |Modified ADMP Modified |77 TTP 90 TK1 Tie-In™  [86 Chem {71 76.6
52| &52 Pump [Moditied ADMP Moditied |77 TTP S0 TK1 Tig-In 186 Sluicer |70 76.2
53] S863 Pump |Modified ADMP Modified |77 TP 90 TK1 Tie-In 86 Amm 74 77.8
54| 554 Pump |Modified ADMP Modified |77 TTP 90 Hose-in-Hose |83 None |98 86.95
55| S55 Pump [Modified ADMP Modified |77 TTP S0 Hose-in-Hose |83 ARD |80 79.75
58| S56 Pump {Modified ADMP Modified |77 TTP S0 Hose-in-Hose |83 Chem |71 76.15
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57| 857 Pump [Modified ADMP Maodified |77 TTP 90 Hose-in-Hose |83 Sluicer |70 75.75
58| 558 Pump [Modilied ADMP Modified {77 TTP 90 Hose-in-Hose |83 Am . |74 77.35
59| S59. Pump |Mcdified ADMP Modified |77 BIBO 86 TK1 Tie-In 85 Nong |98 87.2
60| S60 Pump [Medified ADMP _ [Moditied |77 BIBO 86 TK1 Tie-In 86 ARD |84 81.6
61| 561 Pump [Modified ADMP Maodified |77 BIBO 86 TK1 Tie-in 88 Chem |71 76.4
62{ 562 Pump [Modified ADMP Modified |77 BIBO B6 TK1 Tie-In B6 Sluicer [70 76
63] 563 Pump |Modified ADMP Modified |77 BIBO 86 TK1 Tie-In 86 Am 74 77.6
64| S64 Pump |Modified ADMP Mcdified |77 BiBO 86 Hose-in-Hose 183 None |98 86.75
65| 8§65 Pump |Modified ADMP Moditied |77 BIBC 86 Hose-in-Hose {83 ARD 84 81.15
66| S66 Pump |Modified ADMP Modified {77 BIBO 86 Hose-in-Hose |83 Chem |71 75.95
67| S67 Pump |Modified ADMP Modified |77 BIBO 88 Hose-in-Hose [83 Sluicer |70 75.55
68] 568 Pump [Modified ADMP Modified |77 BIBO 86 Hose-in-Hose (83 Amm 74 77.15
69| 869 Pump |Mcdified ADMP Modified [77 Diode 87 TK1 Tie-In 86 None |98 87.25
70|l S70 Pump [Mcdified ADMP Modified {77 Diode 87 TK1 Tig-In 86 ARD 80 80.05
71] S71 Pump [Modified ADMP Modified |77 Diode {87 TK1 Tie-In 86 Chem |71 76.45
72y 872 Pump [Modified ADMP Modified |77 Dicde 87 TK1 Tie-in 86 Sluicer |70 76.05
73| S73 Pump |[Modified ADMP Modified |77 Diode 87 TK1 Tie-In 86 Amn 74 77.65
74| S74 Pump |Moditied ADMP Modified |77 Diode {87 Hose-in-Hose |83 None 198 86.8
75| S75 Pump |Modified ADMP Modified |77 Diode |87 Hose-in-Hose |83 ARD 180 79.6
76] S76 Pump |Modified ADMP Modified |77 Diode |87 Hose-in-Hose 183 Chem |71 76
77| 877 Pump {Medified ADMP Modified |77 Diode 87 Hose-in-Hose {83 Sluicer |70 756
78] 578 Pump [Modified ADMP Modified |77 Diode 87 Hose-in-Hose |83 Amm 74 77.2
79| 579 Pump |Slurry Pumps 4SPs 70 TTP 90 TK1 Tie-In 86 None |98 84.6
80} S80 Pump  §Slurry Pumps 45Ps 70 TTP 90 TK1 Tie-in 86 ARD |80 77.4
81| S81 Pump |Siurry Purmnps 45Ps 70 TTP a0 TK1 Tie-In 86 Chem |71 73.8
82| 582 Pump |Slurry Pumps 45Ps 70 TTP S0 TK1 Tie-In 86 Sluicer }70 73.4
83| 883 Pump |Slurry Pumps 45Ps 70 TP o0 TK1 Tie-in 86 Armn 74 75
84 S84 Pump  {Slurry Pumps 45Ps 70 TTP 90 Hose-in-Hose [83 Neone |98 84.15
85| 585 Pump |Slurry Pumps : 45Ps 70 TTP 90 Hose-in-Hose |83 ARD {80 76.95
86| S86 Pump [Slurry Pumps - 45Ps 70 TTP 90 Hose-in-Hose 83 Chem |71 73.35
B7} 587 Pump  |Slurry Pumps 45Ps 70 TTP 90 Hose-in-Hose |83 Sluicer |70 72.95
88| 588 Pump  |Slurry Pumps 45Ps 70 TTP 90 Hose-in-Hose |83 Am 74 74.55
89] 589 | Pump |Slurry Pumps 4A5Ps 70 BIBO 86 TK1 Tie-In 86 None |98 B84.4
90| S90 Pump __|Slurry Pumps 45Ps 70 8IBO |86 TK1 Tie-In 86 ARD {84 78.8
911 S91 Pump |Slurry Pumps 45Ps 70 BIBO 86 TK1 Tie-In 86 Chem |71 73.6
92| S92 Pump |Slurmry Pumps 45Ps 70 BiBO 86 TK1 Tie-In 86 Sluicer |70 73.2
93] 593 Pump  [Slurry Pumps 4SPs 70 BIBO 86 TK1 Tie-In 86 Arm 74 74.8
94 594 Pump  |Slurry Pumps 45Ps 70 BIBO 86 Hose-in-Hose 183 None . |98 83.95
95| 895 Pump  |Slurry Pumps 48Ps 70 B!BO 86 Hose-in-Hose |83 ARD |84 78.35
06| S$96 Pump |Slurry Pumps 4SPs 70 BIBO 86 Hose-in-Hose {83 Chem |71 73.15
97| 897 Pump {Siurry Pumps 45Ps 70 |8IBO 86 Hose-in-Hose 183 Sluicer |70 72.75
98] S98 Pump |Slurry Pumps 45Ps 70 BIBO B6 Hose-in-Hose |83 Amn 74 74.35
Q9| S99 Pump  |Slurry Pumps 45Ps 70 Diode 87 TK1 Tie-In 86 None |98 84.45
100] §100 Pump §Slurry Pumps 45Ps 70 Diode |87 TK1 Tie-In 86 ARD |80 77.25
101] S101 Pump  |Shurry Pumps 45Ps 70 Diode |87 TK1 Tie-In 86 Chem |71 73.65
102| 5102 Pump |Slurry Pumps 45Ps 70 Diode |87 TK1 Tie-In 86 Sluicer |70 73.25
103{ S103 Pump |Slurry Pumps 45Ps 70 Diode |87 TK1 Tie-in 86 Arm 74 74.85
104j S104 Pump {Slurry Pumps 45Ps 70 Diode 87 Hose-in-Hose |83 None |98 84
105] 3105 Pump |Slurry Pumps 45Ps 70 Diode 87 Hose-in-Hose |83 ARD |80 76.8
106] S106 Pump |Slurry Pumps 45Ps 70 Diode 87 Hose-in-Hose |83 Chem |71 73.2
107{ 5107 Pump  |Slurry Pumps 45Ps 70 Diode 87 Hose-in-Hose |83 Sluicer |70 72.8
108 S$108 Pump |Slurry Pumps 45Ps 70 Diode a7 Hose-in-Hose |83 Ammn 74 74.4
109] S109 | Robotics |ARD ARD 82 ARD 82 TK1 Tie-In 86 [None {93 87
110 S$110 | Robotics |ARD ARD 82 ARD 82 Hose-in-Hose 183 None |93 86.55
111] 5111 | Robotics [Houdini/CSEE Houdini |74 Houdini {74 TK1 Tie-In 86 None |94 83.8
112] S112 | Robotics |Houdini"CSEE Houdini |74 Houdini |74 Hose-in-Hose {83 None 194 83.35
113] 5113 Am  JAm/CSEE Am 74 Am 74 TK1 Tie-In 86 None [93 83.4
114] S114 Am  |Am/CSEE Am 74 Am 74 Hose-in-Hose |83 [None |93 82.95
115 Complexity F H J L N
N=F*.4+H"*.05+J".15+L.".4
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AB Impacts F H J L N
N=F*.1+H*.15+J*.44L".35 _
Strat No Type Strategy Description F1 AB F2 PM AB F2RT AB F3 AB Qverall
Score
1 S1 Pump {Advanced Design Mixer Pump ADMP |86 TTP 100 TK1 Tig-In 89 None |100 94.2
2 s2 Pump |Advanced Design Mixer Pump ADMP 186 TTP 100 TK1 Tie-In B9 ARD |81 87.55
3 53 Pump |Advanced Design Mixer Pump ADMP |86 TTP 100 TK1 Tie-In 89 Chem |35 71.45
4 S4 Pump |Advanced Design Mixer Pump ADMP |86 TTP 100 TK1 Tie-ln 89 Sluicer |78 86.5
5 S5 Pump |Advanced Design Mixer Pump ADMP |86 TTP 100 Hose-in-Hose |58 None [100 81.8
6 S6 Pump {Advanced Design Mixer Pump ADMP |86 TTP 100 Hose-in-Hose |58 ARD |81 7515
7 S7 Pump |Advanced Design Mixer Pump ADMP |86 TTP 100 Hose-in-Hose |58 Chem |35 59.05
8 S8 Pump |Advanced Design Mixer Pump ADMP |86 TTP 100 Hose-in-Hose |58 Sluicer |78 74.1
9 59 Pump__|Advanced Design Mixer Pump ADMP |86 BIBO 100 TK1 Tie-In BY None {100 94.2
10l 8510 Pump {Advanced Design Mixer Pump ADMP |86 BIBO 100 TK1 Tie-In 89 ARD |81 87.55
11 S11 Pump JAdvanced Design Mixer Pump ADMP |86 BIBO 100 TK1 Tie-In 89 Chem |35 71.45
12| 812 Pump _|Advanced Design Mixer Pump ADMP__ |86 BIBO 100 TK1 Tie-In___ |89 Sluicer 178 86.5
13| S13 Pump__|Advanced Design Mixer Pump ADMP |86 BIBO 100 Hose-in-Hose |58 Neng {100 81.8
14| S14 Pump |Advanced Design Mixer Pump ADMP |86 BIBO 100 Hose-in-Hose |58 ARD |81 75.15
151 515 Pump {Advanced Design Mixer Pump ADMP |86 BIBO 100 Hose-in-Hose {58 Chem |35 59.05
16 516 Pump__|Advanced Design Mixer Pump ADMP |86 BIBO 100 Hose-in-Hose |58 Sluicer |78 74.1
17] §17 Pump _[Advanced Design Mixer Pump ADMP__ |86 Diode 90 TK1 Tie-In__ |88 None |100 92.7
18] S18 Pump _|Advanced Design Mixer Pump ADMP__ |86 Diode 90 TK1 Tie-In 89 ARD |81 86.05
197 S19 Pump _ |Advanced Design Mixer Pump ADMP |86 Diode 90 TK1 Tie-In 89 Chem |35 69.95
20 520 Pump |Advanced Design Mixer Pump ADMP |86 Diode 90 TK1 Tie-In 89 Sluicer |78 85
21 S21 Pump |Advanced Design Mixer Pump ADMP |86 Diode 30 Hose-in-Hose |58 None 1100 80.3
22| S22 Pump |Advanced Design Mixer Pump ADMP |86 Dicde 90 Hose-in-Hose |58 ARD 81 73.65
23 523 Pump _lAdvanced Design Mixer Pump ADMP 186 Diode 90 Hose-in-Hose |58 Chem [35 57.55
24| S24 Pump _|Advanced Design Mixer Pump ADMP |86 Diode 90 Hose-in-Hose [58 Sluicer {78 72.6
25] 8256 Pump [Quad Volute Sturry Pump QVSP |91 TTP 100 TK1 Tie-In 89 None |100 94.7
26| S26 Pump [Quad Volute Slurry Pump QVSP |91 TTP 100 TK1 Tie-In 89 ARD |81 B88.05
27| S27 Pump }Quad Volute Slurry Pump QVSP |9 TTP 100 TK1 Tie-In 89 Chem |35 71.95
28| S28 Pump |Quad Volute Slurry Pump QVSP |91 TTP 100 TK1 Tie-In 89 Sluicer {78 87
29! 829 Pump [Quad Volute Siurry Pump QVSP |91 TTP 100 Hose-in-Hose |58 None |100 82.3
30, 830 Pump |Quad Volute Slurry Pump QVSP |91 TP 100 Hose-in-Hose 158 ARD 81 75.65
N X)) Pump [Quad Volute Slurry Pump QVSP 1N TTP 100 Hose-in-Hose {58 Chem |35 59.55
32] 832 Pump _[Quad Volute Sturry Pump QVSP |9 TTP 100 Hose-in-Hose |58 Sluicer |78 74.6
33 S33 Pump  |Quad Volute Slurry Pump QVSP |9 BIBO 100 TK1 Tie-in 89 None (100 94.7
34] S34 Pump |Quad Volute Sturry Pump QVSP 91 BIBO 100 TK1 Tie-In 89 ARD 181 88.05
35| S35 Pump |Quad Voiute Slurry Pump QVSP |91 BIBO 100 TK1 Tie-In 89 Chem [35 71.95
36| S36 Pump |Quad Volute Slurry Pump QVSP |91 BIBO 100 TK1 Tie-in 89 Sluicer [78 87
37| 837 Pump |Quad Volute Slurry Purmnp QvsSP |91 BIBO 100 Hose-in-Hose |58 None |100 82.3
38 S38 Pump !Quad Volute Slurry Pump QVSP |91 BiBO 100 Hose-in-Hose 158 ARD |81 75.65
39] 839 Pump [Quad Volute Slurry Pump QVSP !N BIBO 100 Hose-in-Hose |58 Chem |35 59.55
40| 840 Pump |Quad Volute Slurry Pump Qvspe (91 BIBO 100 Hose-in-Hose [58 Sluicer |78 74.6
a1 S41 Pump__ Quad Volute Slurry Pump QVSP__ |91 Diode =~ |90 TK1 Tie-In 89 None [100 93.2
42| S42 Pump |Quad Volute Slurry Pump QVSP_ |94 Diode 80 TK1 Tie-In 89 ARD |81 86.55
43] S43 Pump [Quad Volute Slurry Pump QVSP  |o1 Diode 20 TK1 Tie-In 89 Chem (35 70.45
44; S4 Pump {Quad Volute Slurry Pump QVSP | Diode 90 TK3 Tie-In___ |89 Sluicer {78 85.5
45 545 Pump |Quad Volute Slurry Pump QVSP |91 Diode a0 Hose-in-Hose {58 None [100 80.8
46] 846 Pump |Quad Volute Slurry Pump QVSP |91 Diode 80 Hose-in-Hose |58 ARD |81 74.15
471 847 Pump jQuad Volute Slurry Pump QVSP |91 Diode 80 Hose-in-Hose |58 Chem {35 58.05
48 S48 Pump |Quad Volute Slurry Pump QvsP |91 Diode 90 Hose-in-Hose |58 Sluicer |78 731
49| 549 Pump |Modified ADMP Modified [86 TP 100 TK1 Tie-tn 89 |None  [100 94.2
50§ S50 Pump [Modified ADMP Modified |86 TTP 100 TK1 Tie-In B9 ARD |81 87.55
51 551 Pump ~ {Modified ADMP Modified 186 TTP 1100 TK1 Tie-In 189 Chem: |35 71.45
52| Sbh2 Pump [Modified ADMP Modified |86 TP 100 TK1 Tie-In 89 Slyicer |78 86.5
53| S53 Pump [Modified ADMP Modified |86 TTP 100 TK1 Tie-In 89 Amm 78 86.5
54] S54 Pump |Modified ADMP Modified [86 TTP 100 Hose-in-Hose |58 None {100 81.8
551 855 Pump [Modified ADMP Modified {86 TIP 100 Hose-in-Hose |58 ARD |81 75.15
56/ S56 Pump |Modified ADMP Modified |86 TTP 100 Hose-in-Hose {58 Chem |35 59.05
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57 857 Pump [Modified ADMP Modified |86 TTP 100 Hose-in-Hose |58 Sluicer |78 74.1
58 558 Pump [Modified ADMP Modified |86 TTP 100 Hose-in-Hose |58 Am 78 741
59| S59 Pump |Modified ADMP Modified 186 BIBO 100 TK1 Tie-In 89 None {100 94.2
60 S60 Pump [Modified ADMP Modified |86 BiBO 100 TK1 Tie-In 89 ARD 81 87.55
61 S61 Pump |[Moditied ADMP Modified |86 BIBO 100 TK1 Tie-In BY Chem (35 71.45
62 562 Pump [Modified ADMP Modified |86 BIBO 100 TK1 Tie-In 89 Sluicer |78 86.5
63| S63 Pump |Modified ADMP Modified |86 BIBO 100 TK1 Tie-In 89 Arm 78 86.5
64] S64 Pump [Moditied ADMP Modified {86 BIBO 100 Hose-in-Hose 158 None  [100 81.8
65| 565 Pump [Modified ADMP Modified {86 BIBO 100 Hose-in-Hose |58 ARD |81 75.15
66 S66 Pump [Modified ADMP Modified |86 BIBO 100 Hose-in-Hose |58 Chem |35 59.05
67 567 Pump [Modified ADMP Moditied |86 |BIBC 100 Hose-in-Hose |58 Sluicer |78 741
68] S68 Pump [Modified ADMP Modified |86 BIBO 100 Hose-in-Hose {58 Am 78 74.1
69] S69 Pump [Modilied ADMP Modified {86 Diode 90 TK1 Tie-In 89 None [100 92.7
70 570 Pump [Modified ADMP Modified |86 Diode 90 TK1 Tle-in 89 ARD 81 86.05
71 $71 Pump Modified ADMP Modified |86 Diode 30 TK1 Tie-In 89 Chem (35 69.95
72 S72 Pump [Modified ADMP Modified |86 Diode 90 TK1 Tie-In 89 Sluicer |78 85
73 S73 Pump |Modified ADMP Modified |86 Dicde 90 TK1 Tie-In 89 Am 78 85
74] §&74 Pump |Modified ADMP Modified |86 Diode 90 Hose-in-Hose 158 None |100 80.3
75| S75 Pump [Modified ADMP Modified |86 Dicde 90 Hose-in-Hose |58 ARD  |B1 73.65
76| 8576 Pump |Medified ADMP Modified |86 Diode S0 Hose-in-Hose |58 Chem |35 57.55
77| 8§77 Pump IModified ADMP Modified |86 Diode 90 Hose-in-Hose |58 Sluicer 178 72.6
78| 878 Pump |Modified ADMP Modified |86 Diode 80 Hose-in-Hose |58 Amm 78 72.6
79| S79 Pump [Slurry Pumps 45Ps 89 l‘l_TP 100 TK1 Tie-In 89 None [100 94.5
80 SB80 Pump [Slurry _Pgmps 4SPs 89 TP 100 TK1 Tie-In 89 ARD 81 87.85
81 581 Pump  [Slurry Pumps 45Ps 89 TTP 100 TK1 Tie-tn a9 Chem [35 71.75
82 582 Pump  [Slurry Pumps 45Ps 89 TTP 100 TK1 Tie-in 89 Sluicer |78 86.8
83 $83 Pump  [Slurry Pumps 4S5Ps 89 TTP 100 TK1 Tie-In 89 Armm 78 86.8
B4] S84 Pump  [Slurry Pumps 45Ps 89 TTP 100 Hose-in-Hose {58 None |100 82.1
85 S85 Pump |Slurry Pumps 45Ps 89 TTP 100 Hose-in-Hose 158 ARD |81 75.45
86 586 Pump  |Slurry Pumps 45Ps 89 TTP 100 Hose-in-Hose |58 Chem |35 59.35
87{ 587 Pump  |Slurry Pumps 45Ps 89 TTP 100 Hose-in-Hose |58 Sluicer {78 74.4
88 S88 Pump  |Slury Pumps 45Ps 89 TTP 100 Hose-in-Hose |58 . Amm 78 74.4
89| S89° Pump Slurry Pumps 45Ps 89 BIBO 100 TK1. Tie-In 89 None (100 94.5
90 $90 Pump |[Shurry fgmps 45Ps 89 BIBO 100 TK1 Tie-In 89 ARD 81 87.85
g1 g Pump [Slurry Pumps 45Ps 89 BIBO 100 TK1 Tie-In 89 Chem |35 71.75
92f S92 Pump |Slurry Pumps 4SPs 89 BIBO 100 TK1 Tie-In 89 Sluicer |78 86.8
93] 593 Pump [Slury Pumps 4SPs 89 BIBO 100 TK1 Tie-In 89 Ammn 78 86.8
94 594 Pump  {Slurry Pumps 45Ps 89 BIBO 100 Hose-in-Hose {58 Nonge {100 821
95] 895 Pump |Slury Pumps 45Ps 89 BIBO 100 Hose-in-Hose |58 ARD {81 75.45
96 596 Pump |Slurry Pumps 4SPs 89 BIBO 100 Hose-in-Hose 158 Chem |35 59.35
a7 8§97 Pump |Slurry Pumps 45Ps 89 |BIBO 100 Hose-in-Hose |58 Siuicer |78 74.4
g8] <Se8 Pump [Slurry Pumps 45Ps |89 IsIBO 100 Hose-in-Hose |58 Am |78 74.4
99 S99 Pump |Slurry Pumps 45Ps 89 Diode 90 TK1 Tie-In 89 None [100 93
100] S100 Pump  {Slurry Pumps 45Ps 89 Diode 90 TK1 Tie-In 89 ARD |81 86.35
101] S101 Pump  |Slurry Pumps 45Ps 89 Diode 90 TK1 Tie-In 89 Chem |35 70.25
102] S102 Pump _ |Slurry Pumps 4SPs 89 Diode 90 TK1 Tie-in 89 Sluicer {78 85.3
103] S103 Pump Slurry_fu_mps 4SPs 89 Diode 90 TK1 Tie-In 89 Arm 78 85.3
104] S104 Pump |Slurry Pumps 45Ps 8g Diode 90 Hose-in-Hose [58 None 1100 80.6
105] 3105 Pump |Slurry Pumps 45Ps 89 Diode 90 Hose-in-Hose 158 ARD 181 73.85
106] $S106 Pump  |Slurry Pumps 45Ps 89 {Diode S0 Hose-in-Hose |58 Chem |35 57.85
107] S107 Pump |Slurry Pumps 4SPs 89 Diode 90 Hose-in-Hose |58 Stuicer [78 72.9
108] S108 Pump |Slurry Pumps 4SPs 89 Diode 80 Hose-in-Hose |58 Armm 78 72.9
109 $S109 Robotics JARD ARD 81 ARD 81 TK1 Tie-In 89 None [100 90.85
110 8110 Robotics |ARD ARD 81 ARD 81 Hose-in-Hose |58 None |100 78.45
111] 8111 Robotics |Houdin/CSEE Houdini |82 Houdini {82 TK1 Tie-In 89 Nong 100 91.1
112 8§12 Robotics |HoudinV/CSEE Houdiri {82 Houdini |82 Hose-in-Hose |58 None {100 78.7
113] S$113 Am  JAm/CSEE Am 78 Anmn 78 TK1 Tie-In B9 None [100 90.1
14| S114 Am  |Am/CSEE Amm 78 Arm 78 |Hose-in-Hose |58 None [100 77.7
115 AB Impacts F H J L N
N=F*.14H".15+J".4+L".35
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Table V.6 Strategy Unweighted Score Summary
Taken From: TAB TAB [TABIV.3|[TABIV.AN [TABIV.5
v.2v |iv.2 [N N
w
Formula: J K L M N JHK+L+
M+N
Strat] Type Strategy Description 1 F2 PM F2RT F3 Cost | LCC |Effectiv | Complexity AB Raw
No o Cost ] eness Impacts Score
Deploy
1| S1 |Pump |Advanced Design Mixer ADMP [TTP |TK1 Tie-In None 0 0 0 0 0 0
Pump
2| 82 |[Pump |Advanced Design Mixer ADMP |TTP |TK1 Tie-In ARD 6775 |3 94 84.2 87.55 334
Pump
3| S3 | Pump |Advanced Design Mixer ADMP  |TTP |TK1 Tie-in Chem |[|48.5 15 95.5 B0.6 7145 297
Pump
4{ S4 |Pump |Advanced Design Mixer ADMP |TTP |TK1 Tie-In Sluicer | |76.5 675 |91.5 B0.2 88.5 335
Pump
5| S5 | Pump |Advancad Design Mixer ADMP [TTP |Hose-in-Hose |None 0 0 0 0 0 o
Pump
6] S6 |Pump |Advanced Design Mixer ADMP |TTP |Hose-in-Hose |ARD 6775 |5 94 83.75 75.15 321
Pump
7| §7 |Pump |Advanced Design Mixer ADMP |TTP |Hose-in-Hose |[Chem 50.5 17 95.5 80.15 59.05 285,
Pump i
8] SB |Pump |Advanced Design Mixer ADMP ITTP |Hose-in-Hose |Sluicer | [77.5 875 |[915 79.75 74.1 323
Pump !
9} S9 |Pump |Advanced Design Mixer ADMP {BIBO |TK1 Tie-In None 0 0 0 0 ¢ 0
Pump
10| 810 | Pump |Advanced Design Mixer ADMP |BIBO [TK1 Tie-tn ARD 7275 15 94.2 85.6 B7.55 340
Pump
11| 11 | Pump |Advanced Design Mixer ADMP  |BIBO (TK1 Tie-In Chem |[55.5 27 95.7 80.4 71.45 303
Pump
12| 512 | Pump [Advanced Design Mixer ADMP |BIBO |TK1 Tie-In Sluicer §182.5 18.75 [91.7 80 865 3414
Pump ' i
13| 513 | Pump |Advanced Design Mixer ADMP |BIBO |Hose-in-Hose |None 0 0 0 0 0 0
' Pump : !
14| S14 | Pump |Advanced Design Mixer ADMP |BIBO |Hose-in-Hose |ARD 73.75 |17 94.2 85.15 75.15 328!
Pump ]
15| 815 | Pump |Advanced Design Mixer ADMP  |BIBO |Hose-in-Hose |Chem 56.5 29 95.7 79.95 58.05 291
Pump 1
16| 516 | Pump |Advanced Design Mixer ADMP |BIBO |Hose-in-Hose |Sluicer | |83.5 20.75 |91.7 79.55 741 329,
Pump ‘
17| $17 | Pump |Advanced Design Mixer ADMP |Dicde |TK1 Tie-In None 0 {0 0 0 0 0
Pump o
18| S18 | Pump |Advanced Design Mixer ADMP  [Diode {TK1 Tie-In  JARD 65.25 |9 94.6 84.05 B6.05 330°
Pump
19| 519 | Pump {Advanced Design Mixer ADMP |Diode [TK1 Tie-In Chem ||48 21 96.1 80.45 69.95 295
Pump '
20| S20 | Pump |Advanced Design Mixer ADMP |Diode [TK1 Tie-In Sluicer | {75 12.75 |92.1 80.05 85 332
Pump
211 §21 | Pump |Advanced Design Mixer ADMP |Diode |Hose-in-Hose {None 0 H] 0 0 0 0
Pump
22| 5§22 | Pump [Advanced Design Mixer ADMP |Diode jHose-in-Hose |ARD 66.25 |11 94.6 83.6 73.85 318
Pump
23| 523 | Pump |Advanced Design Mixer ADMP  |Dicde |Hose-in-Hose |[Chem | |49 23 96.1 80 57.55 283
Pump
24| S24 | Pump |Advanced Design Mixer ADMP  |Dicde |Hose-in-Hose |Shuicer ({76 1475 {921 79.6 72.6 320
Pump
25| 525 { Pump |Quad Volute Slurry Pump QVSP |TTP |TK1 Tig-In None |0 . |O 0 0 0 _0
26§ 826 | Pump |Quad Volute Slurry Pump QVSP  |TTP |TK1 Tie-In ARD 58.5 3 80 83.4 88.05 320
27{ §27 | Pump {Quad Volute Slurry Pump QVSP |TTP {TK1 Tie-In Chem |]41.25 |15 91.5 79.8 71.95 285
28] 828 | Pump jQuad Volute Slurry Pump QVSP |TTP [TK1 Tie-In Sluicer | 168.25 |6.75 [87.5 79.4 87 322
29| 528 | Pump |Quad Volute Slurry Pump QVSP |TTP [Hose-in-Hose |[None 0 0 0 0 0 0
30| 530 | Pump |Quad Volute Slurry Pump QVSP |TTP |Hose-in-Hose |ARD 59.5 5 90 82.95 75.65 308
31| §31 } Pump |Quad Volute Slurry Pump QVSP |TTP [Hose-in-Hose {Chem | [42.25 |17 91.5 79.35 59.55 273
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32| 832 | Pump |[Quad Volute Slurry Pump QVSP |TTP |Hose-in-Hose [Stuicer | [69.26 [8.75 187.5 78.95 74.6 310
33| 533 | Pump [Quad Volute Slurry Pump QVSP _ |BIBO |TK1 Tie-In None 0 Y] 0 0 0 0
34| 834 | Pump [Quad Volute Sturry Pump QVSP  |BIBO |TK1 Tie-In ARD 64.5 15 90.2 84.8 88.05 328
35| 835 | Pump |Quad Volute Slurry Pump QVSP BIBO |TK1 Tie-In Chemn 47.25 |27 91.7 79.6 71.95 291
361 S36 | Pump JQuad Volute Slurry Pump QVSP |BIBO |TK1 Tie-in Sluicer | |74.25 [18.75 [87.7 79.2 87 328
37| §37 | Pump |Quad Volute Slurry Pump QVSP IBIBO |Hose-in-Hose |[None 0 0 0 0 0 0
38| 538 | Pump |Quad Volute Slurry Pump QVSP |BIBO |Hose-in-Hose [ARD 65.5 17 80.2 84.35 75.65 316
a9[ 539 | Pump |Quad Volute Siurry Pump avsP |BIBO |Hose-in-Hose |Chem | 148.25 |29 91.7 79.15 559.565 279
40[ 840 {Pump |Quad Volute Slurry Pump QVSP |BIBO {Hose-in-Hose |Siuicer | |75.25 |20.75 |187.7 78.75 74.6 316
41] S41 | Pump |Quad Volutg Sturry Pump QVSP  |Dicde [TK1 Tie-in None 0 4] 0 0 0 0
42| S42 | Pump |Quad Volute Slurry Pump QVSP |Diode |TK1 Tie-In ARD 57 9 80.6 83.25 86.55 37
431 543 | Pump |Quad Volute Slurry Pump QvVSP  |Diode [TK1 Tie-In Chem {[39.75 [21 92.1 79.65 70.45 282
44] 544 | Pump [Quad Volute Slurry Pump QVSP  |Diode (TK1 Tie-In Sluicer | [66.75 |12.75 |188.1 79.25 85.5 320
45| 845 | Pump [Quad Volute Slurry Pump QVSP |Diode |Hose-in-Hose [None 0 0 0 0 0 0
46| 546 | Pump [Quad Volute Slurry Pump QVSP |Diode |Hose-in-Hose |ARD 58 1 90.6 82.8 74.15 306
47| 547 | Pump [Quad Volute Slurry Pump QVSP |Diode |Hose-in-Hose [Chem [{40.75 |23 92.1 79.2 58.05 270
48| S48 | Pump |Quad Velute Sturry Pump QVSP {Diode |Hose-in-Hose |Sluicer | [67.75 ]14.75 |88.1 78.8 73.1 308
49| $49 | Pump |Moditied ADMP Modified [TTP |TK1 Tie-In None 0 0 0 0 0 0
50| §50 | Pump |Moditied ADMP Modified [TTP  {TK1 Tie-In ARD 72 60 92.4 80.2 87.55 332
51| §51 | Pump [Modified ADMP Modified |[TTP _|TK1 Tie-In Chem |[53.25 |72 93.9 76.6 71.45 295
52| 852 | Pump |Modified ADMP Modified [TTP  |[TK1 Tie-In Sluicer |81 63.75 189.9 76.2 86.5 334
53| $53 | Pump |Modified ADMP Modified |TTP  |TK1 Tie-In Arm 39.75 |60 92.4 77.8 86.5 296
54| 554 | Pump [Modified ADMP Modified |TTP _ jHose-in-Hose |None 0 0 0 0 0 0
55| 855 | Pump {Modified ADMP Modified |TTP  |Hose-in-Hose |ARD 73 82 92.4 79.75 75.15 320
56} S56 | Pump {Modified ADMP Modified |TTP  |Hose-in-Hose [Chem 54.25 |74 93.9 76.15 59.05 283
571 857 | Pump [Modified ADMP Modified ITTP  |Hose-in-Hose |Sluicer | |82 65,75 |89.9 75.75 74.1 322
58| 558 | Pump |Modified ADMP Modified |TTP |Hose-in-Hose JAm 40.75 |62 92.4 77.35 74.1 285
59| 859 | Pump |Modified ADMP Modified |BIBO ]TK1 Tie-In None 0 0 0 0 0 0
60| $60 | Pump |Modified ADMP Moditied |BIBO [TK1 Tie-in ARD 78 72 92.6 81.6 87.55 340
61| 861 | Pump |Moditied ADMP - Modified |BIBO |TK1 Tie-In Chem 58.25 |84 941 76.4 71.45 o
62| 562 | Pump |Modified ADMP Modified |B!IBO |TK1 Tie-In Sluicer |87 75.75 |90.1 76 B6.5 340
63| $63 | Pump |Modified ADMP |Modified |BIBO JTK1 Tie-In Amn 4575 |72 92.6 77.6 B6.5 302
64] 564 ] Pump |Modified ADMP Modified |BIBO |Hose-in-Hose [None 0 0 0 0 0 0
65| $65 | Pump |Modified ADMP Modified |BIBO |Hose-in-Hose |ARD 79 74 92.6 81.15 75.15 328
66] S66 | Pump [Modified ADMP Modified |BIBQ |Hose-in-Hose [Chemn - | |680.25 |86 941 75.95 59.05 289
67| 867 | Pump [Modified ADMP Modified |BIBO [Hose-in-Hose [Sluicer | {88 77.75 1901 75.55 74.1 328
68| 568 | Pump [Modified ADMP Modified |BIBO |Hose-in-Hose |Arm 46.75 174 92.6 77.15 74.1 291!
69| 569 | Pump [Modified ADMP Moditied |Dicde [TK1 Tie-In None 0 0 0 0 0 o
70| §70 | Pump |Modified ADMP Modified |Diode |TK1 Tie-In ARD 70.5 66 23 80.05 86.05 330
711 $71 | Pump |Moditied ADMP Modified |Diode TK1l'ie-ln Chem 5175 |78 94.5 76.45 69.95 293
72| $72 | Pump [Modified ADMP Modified |Diode |TK1 Tie-In Sluicer | ]79.5 69.75 |90.5 76.05 85 a3
73| S73 | Pump [Modified ADMP |Modified |[Diode |TK1 Tie-In Arm 38.25 |66 93 77.65 85 294
74| S74 | Pump {Modified ADMP Modified |Diode |Hose-in-Hose |[None 0 0 0 0 0 0
75! 875 | Pump |Modified ADMP Modified |Diode |Hose-in-Hose |ARD 71.5 658 a3 79.6 73.65 318
76| 576 | Pump [Mcdified ADMP Moditied {Diode {Hose-in-Hose [Chem | 152.75 |80 04.5 76 57.55 281
77| 877 | Pump [Modified ADMP Moditied |Dipde [Hose-in-Hose |Sluicer | |B0.5 71.75 190.5 75.6 72.6 319
78| 578 | Pump |Modified ADMP Modified |Diode |Hose-in-Hose |Am 39.25 |68 93 77.2 72.6 . 282
79 879 | Pump |Slurry Pumps 45Ps TTP |TK1 Tie-In None 0 0 0 0 0 9}
80| S80 | Pump |Slurry Pumps 45Ps TTP |TK1 Tie-In ARD 45 & 93.6 77.4 87.85 304
81| $81 | Pump |Slurry Pumps 45Ps TTP |TK1 Tie-In Chem 28.5 12 95.1 73.8 71.75 269
82| s82 | Pump |Slurry Pumps 48Ps TTP |TK1 Tie-In Sluicer |]55.5 75 |91 73.4 86.8 307
83} 583 | Pump [Siurry Pumps 4SPs TTP TK1 Tie-In Arm 13.5 0 93.6 75 86.8 269
84| S84 | Pump [Slurry Pumps 45Ps TTP |Hose-in-Hose |[None 0 0 0 0 0 0
85| 585 | Pump [Slurry Pumps 4SPs TTP |Hose-in-Hose |ARD 46 2 93.6 76.95 75.45 292
86| 586 | Pump |Slurry Pumps 4SPs _ |TTP_ [Hose-in-Hose |[Chem {[285 (14 [951 73.35 50.35 257
87| 887 | Pump |Slurry Pumps 45Ps TTP |Hose-in-Hose |Stuicer | [56.5 575 1911 72.95 74.4 295
88| $88 | Pump |Slurry Pumps 45Ps TTP |Hose-in-Hose {Am 14.5 2 93.6 74.55 74.4 257
89| S$89 | Pump }Slurry Pumps 4SPs BIBO |TK1 Tie-In None 0 0 0 0 0 0
80| S90 | Pump |Slurry Pumps 45Ps BIBO |TK1 Tie-ln ARD 51 12 93.8 78.8 87.85 311
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91| 591 | Pump [Slurry Pumps 45Ps BIBC ITK1 Tie-In Chem 34.5 24 953 73.6 71.75 275
92| 592.{ Pump |Slurry Pumps 45Ps BIBO |TK1 Tie-In Sluicer | 161.5 15.75 |91.3 73.2 86.8 313
93| $83 { Pump |Slurry Pumps 45Ps BIBO |TK1 Tie-In Arm 19.5 12 93.8 74.8 86.8 275
94| 594 | Pump |Slurry Pumps 45Ps BIBO |Hose-in-Hose |None 0 0 0 0 0 0
95| 595 | Pump [Slurry Pumps 4SPs BIBO |Hose-in-Hose |ARD 52 14 93.8 78.35 75.45 300
96| 896 | Pump |Slurry Pumps 45Ps BIBO |Hose-in-Hose |Chem | ]35.5 26 95.3 73.15 59.35 283
97} 597 | Pump {Slurry Pumps 45Ps BIBO [Hose-in-Hose |Sluicer | 162.5 17.75 [91.3 72.75 74.4 301
98} §98 | Pump }Sturry Pumps 4SPs BIBO jHose-in-Hose jAmm 20.5 14 93.8 74.35 74.4 263
93] 599 | Pump |Slurry Pumps 45Ps Diode |TK1 Tie-In None 0 0 0 0 0 0
100|S100 | Pump |Slurry Pumps 45Ps Diode |TK1 Tie-In ARD 43.5 =] 94.2 77.25 86.35 - 301
1015101 | Pump |Slurry Pumps 45Ps Diode |[TK1 Tie-in Chem 27 18 95.7 73.65 70.25 267
102|5102 | Pump |Slurry Pumps 48Ps Dipde |TK1 Tie-in Sluicer | [54 9.75 |91.7 73.25 85.3 304
103[S103 | Pump |Slurry Pumps 45Ps Diode [TK1 Tie-In Amm 12 6 94.2 74.85 85.3 266
104[5104 [ Pump |Slurry Pumps 48Ps Diode |Hose-in-Hose |None 0 0 o] 8] 0 ’ 0
105( 3105 [ Pump |Slurry Pumps 45Ps Diode jHose-in-Hose ARD 44.5 8 94.2 76.8 73.95 289
106[8106 { Pump | Slurry Pumps 45Ps Diode |Hose-in-Hose |[Chem | {28 20 95.7 73.2 57.85 255
107|S107 | Pump iShurry Pumps 45Ps Diode |Hose-in-Hose [Sluicer | |55 11.75 {91.7 72.8 72.9 292
108} S108 | Pump |Slurry Pumps 4SPs Diode |Hose-in-Hose JArm 13 8 94.2 74.4 72.9 255
109| 5109 |Roboti |[ARD ARD ARD |TK1 Tie-In None 96 30 88.5 87 90.85 362
cs
1110|5110 |Robott |ARD ARD ARD |Hose-in-Hose |None 97 32 88.5 86.55 78.45 351
cs
1111|5111 |Roboti [Houdini/CSEE Houdini |Houdi [TK1 Tie-In None 8475 |30 84.5 838 91.1 344
cs ll
1112|5112 |Roboti |Houdini/CSEE Houdini |Houdi |Hose-in-Hose [None 85.75 |32 84.5 83.35 78.7 332
cs ni
113{8113] Am (AM/CSEE Arm Amm  |TK1 Tie-In None 60.75 |30 89.7 83.4 90.1 324
114|S114| Am |Amn/CSEE - |Arm Ammn  |Hose-in-Hose |[None 61.75 |32 89.7 82.95 77.7 312
115 TAB TAB |TABIV.3|TABIVAN [TABIV.S
wv.a2v |Iv.2 [N N
W
116 J K L M N J+K+L+
‘ M+N
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Description Initia) Cost to Deploy Score | Life Cycle Cost Score
Fl
ADMP TEC= 3M-1I(TFA)=2M 50 Ok for 18 5
0 (ADMP)+0.04 (Flygt)+X{Mods)-X(TFA)=0.04M Use with 11 and 4 center riser, but requires steel
Deployment: modify existing steel modification
Relocate H&V Not able to reuse
1 new drive
new turntable
no new riser
QVSP TEC=2.8M-0(TFA)=2.8M 25 Ok for 18 5
0.25 (QVSP)+0.04 {Flygt)+0.1(Mods)- Use with 11 and 4 center riser, but requires steel
O0(TFA)=0.39M modification
Deptoyment: modify existing steel Not able to reuse
Relocate H&V
1 new drive
no new riser
Modified TEC=2.0M-0.5M(TFA)=1.5M 60 All tanks 100
ADMP 0.75 (Mod)+0({Mods)-0.375(TFA)=0.375M No additional steel work
Deployment: D&R | SP 3pumps would save ~15SM over the Baseline for
. 2 new drives this period
4 SPs TEC=4M-0M=4M 0 All tanks; equal to the baseline 0
1.0 (Mod)+0.25(Mods)-0(TFA)=1.25M Unable to reuse due to limited pump life
Deployment: D&R 2 SP
New S riser
New platform
4 new drives
ARD TEC=1M 100 Reuse everything but robot 0
Specifications 50K Does not work in Type L, 11, 1II tanks due to
Procurement 150K cooling coiis
Design & Install 250K Could be reused in Type [V tanks 21-24 after 8
Riser yr LCC period
Power Supply
Housing for equipment
Conirol Console
TFA ~150K
Houdini/CSE | TEC=315M 60 Does not work in Type 1, 1, III tanks due to 0
E Move TTP to west riser cooling coils
Put into NE riser Could be reused in Type IV tanks 21-24 after 8
Steel modifications yr LCC period
Power to skids
Tether management
Electronic console
Interface with equipment
Arm/CSEE TEC=%3.0M 20 Does not work in Type 1, 11, 1II 1anks due to 0

Same as Houdini only harder to deploy
Move TTP to wesl riser

Put into NE riser

Steel medifications

Power to skids

Tether management

Electronic console

Interface with equipment

cooling coils
Could be reused in Type IV tanks 21-24 after 8
yr LCC period

F2 PM
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Description Initial Cost to Deploy Score | Life Cycle Cost Score
TTP Procure and deploy = 350K 50 Baseline 0
Deployment: D&R 1 TTP 1.400 - 1,400 =0K
Replace drive; cable
BIBO Procure and deploy = 100K 90 Lower up front costs 80
Deployment: D&R 1 TTP 1,400 - 400 = 1,000K
Diode Procure and deploy = 750-375(TFA)=375K 40 Reuse, cost to move in 2 more tanks 40
Deployment: D&R | TTP 1,400 — 1,150 = 250K
F2 RT
Tki Tie-In Shallow excavation 60 No savings, can only be used on Tk 18 0
Interferences
No transfer concerns
2 hot tie-ins initial
1 hot tie-in at end
Cost = 150K>x>350K
Hose in Hose | Shallow excavation (much longer) 70 AB 20
up rock bank; w/CLSM CGD Hose
No transfer concerns Route
2 hot tie-ins initial Design for Tie-ins
2 hot dis-connections at end Not reuse of hose
ALLARA Concerns The need for the dedicated transfer routes for the
D&R of hose Tanks within our plan do not exist.
Cost = $400/ft (X ft) - 400K(TFA) = 0K Tank 18 is not appropriate;
Tank 4 already has a good route to
FDB-2;
Tank 11 has work underway to
compete its transfer route (tie in with
new TTP);
Tank 26 is a Type III tank and has a
good transfer route;
Tank 15 is a high heat waste tank with
~15 leaks, the Hose-In-Hose may not
be the tank to do this for the first time
due to high Ci content.
F3
ARD Specifications 50K 75 Reuse everything but robot 0
Procurement 150K Does not work in Type L, IL, 11 tanks due to
Design & Install 250K cooling coils
Riser Could be reused in Type IV tanks 21-24 after 8
Power Supply yr LCC period
Housing for equipment
Control Console
TFA-150
Total = 300K
Chemical R&D 10 Reuse as long as pump tank or agitated tank 80
Cleaning Tank Chemistry: TK18, TK7, DWPF available in route
Design & Install; Metering system Raw material is the only major new cost
Raw Materials
Total = 2,500K
Sluicer Sluicer Procurement 90 Reuse in remaining tanks 25

Nozzles
Streamline
Spray wash Tank use

Commandeer inspection portnew hole as
needed
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Tank 18 SEE Strateqy Scoring Notes
Description Initial Cost to Deploy Score | Life Cycle Cost Score

Total = 100K
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ATTACHMENT 1 - HLW Tank 18 Waste Remova! Teamn

Risk Screening Criteria

idea # A-1 Function F-1

Rev. 11/8/00

Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.

Risk Screening Criteria Potential for Risk?
No ‘ Low I Yes

A. TECHNQLOGY

1. New technology? X

2. Unknown or unclear technology? X

3. New application of existing technology? Longer Shaft use X

4. Modemized/advanced technology in existing application? X

B. INTERFACES )

1. Muttiple system interfaces (e.g., canyons, transfer routes) an issue? X

2. Multiple technical agencies an issue? X

3. interfaces with operating SSCs during constructionfinstallation present issues? X

4. interfaces with operating S5Cs including testing present issues? X

5. Involves co-occupancy issues? X

6. H&V/Negative pressure loss issues? | X

7. Multiple Project/Facility interfaces cause issues? X

C. SAFETY

1, Criticality potential? X

2. Significant exposure/contamination potential? X

3. Any significant impact or chaltenge to the Facility's Authorization Basis? X

4. Hazardous material issues? X

5. Process hazard potential? X

6. Will hazardous materials inventories exceed the OSHA or Radiation Management Plan total quantities? X

D. REGULATORY/ENVIRONMENTAL

1. Environmental agsessmentimpact statement issues? X

2. Additional releases? X

3. Undefined disposal methods? X

4. Requires substantial equipment D&R? X

5. Emergency transfers needed? X

6. Political vulnerabilities {DOE, Congress, local government) create significant issues? X

E. DESIGN

1. Undefined, incomplete or unclear functiona! requirements? X

2. Undefined, incomplete or unclear design criteria? X

3. Complex design features (e.g., controls, seismic, compatibility)? X

4. Difficult to perform functional test? TEST AT 55' LENGTH X

5. Issuas with-the content, number or clarity of assumptions? X

6. Precludes porability of infrastructure? . X

7. RAMI issues? X
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria
Rev. 11/8/00
Idea # _A-1 Function F.1

Risk Screening Criteria : Potential for Risk?
No | Low | Yes

F. RESOURCES/CONDITIONS

1 Are adequate and timely resources, material, or equipment a concern? X

2. Specialty resource reguirements create concems? X

3. Are existing utility locations a concern (above/below ground)? X

4. Are geological conditions a concern? X

5. Is weather a concem? X

6. Are critical lifts a concem? TYPE IV TANK/DROPPED PUMP IN TANK X
7. Is there insufficient experience with the O&M of the proposed system? - X

G. SCHEDULE

1. Project Schedule uncertainties or restraints that may impact project completion or milestone dates? X

2. Fast track critical needs issues? X

H. PROCUREMENT
1. Long lead items that may affect critical path? 6-7 MONTH PROCUREMENT X
2. Potential unavailable qualified vendors or contractors?

3. Is the procurement strategy inadegquate?

4. Is it a first-use subcontractorfvendor that presents issues?
5. Do vendor support issues exist?

I. OTHER

1. Contract issues?

2. Direct hire/subcontract issues?

3. Systems startup concems? ‘ X
4. ECR Adeguate X

A PR R

>

>
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ATTACHMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria

Idea # _A-3 {Modified) Function

Rev. 11/8/00

Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.

Risk Screening Criteria

Potential for Risk?

No | Low I Yes

A. TECHNOLOGY

1. New technology? 4

X

2. Unknown or unclear technology?

X

3. New application of existing technology?

X

4. Modemized/advanced technology in existing application? R & D New wet end of pump

B. INTERFACES

. Multiple system interfaces (e.g., canyons, transfer routes) an issue?

. Muttiple technical agencies an issue?

. Interfaces with operating SSCs during construction/installation present issues?

. Interfaces with operating SSCs including testing present issues?

. Involves co-occupancy issues?

. H&V/Negative pressure loss issues?

. Multiple Project/Facility interfaces cause issues?

A e o D g

. SAFETY

. Criticality potential?

. Significant exposure/contamination potential?

. Any significant impact or challenge to the Facility’s Authorization Basis?

. Hazardous material issues?

WX IX

. Process hazard potential? Compressed gas issue

. Will hazardous materials inventories exceed the OSHA or Radiation Management Plan total quantities?

. Environmental assessment/impact statement issues?

. Additional releases?

. Undefined disposal methods?

. Requires substantial equipment D&R? Movement of SP

. Emergency transfers needed?

. Political vulnerabilities (DOE, Congress, local government) create significant issues?

»

. DESIGN’

. Undefined, incomplete or unclear functional requirements?

. Undefined, incomplete or unclear design criteria?

. Complex design features (e.g., controls, seismic, compatibility)?

. Difficut to perform functional test?

. Issues with the content, number or clarity of assumptions?

. Precludes portability of infrastructure?

1
2
3
4
5
6
7
C
1
2
3
4
5
6
D. REGULATORY/ENVIRONMENTAL
1
2
3
4
5
6
E
1
2
a
4
5
6
7

. RAMI issues?

R R A R A R oA Bl B B
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team
Risk Screening Criteria
Rev. 11/8/00
Idea # _A-3(Moditied) Function F.1

’

Risk Screening Criteria Potential for Risk?
No | Low [ Yes

F. RESOURCES/CONDITIONS

1 Are adequate and timely resources, material, or equipment a concern?
2. Specialty resource requirements create concems?

3. Are existing utility locations a concern {above/below ground)? R & D
4. Are geological conditions a concern?

5. Is weather a concem?

6. Are critical lifts a concem? ) X
7. Is there insufficient experience with the O&M of the proposed system? X
G. SCHEDULE
1. Project Schedule uncertainties or restraints that may impact project completion or milestone dates? X
2. Fast track critical needs issues?
H. PROCUREMENT

1. Long lead items that may affect critical path? NEW PUMP X
2. Potential unavailable qualified vendors or contractors?

3. Is the procurement strategy inadequate?

4. [5 it a first-use subcontractor/vendor that presents issues?
5. Do vendor support issues exist?

I. OTHER

1. Contract issues?

2. Direct hire/subcontract issues?

3. Systems startup concerns? X
4. ECR Adequate? X

W M)XK XK

>

X=X

x

>
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:___ H-1 Date: _1/11/01 Idea/Strategy Number:___A-3
Idea/Strategy Title: Modidied QVSP/ADMP

A. Statement of Risk (Whar are we concerned about?)
Time to develop and test new pump wet end may exceed allotted time

Basis for the nsk:

B. Probability (P) { What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: |() Very Likely @ Likely (O untikety () Very Unlikely
Basis for Probability of Occurrence:___ Previous experience w/ R&D Activities

C. Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, elc.)

Consequence Factor: |() Crisis @ Critcal () Significant () Marginal () Negligible
Basis for Consequence Factor (State consequences):Non-compliance with FFA

D. Risk Level (RL): @ =izh O Moderate (O Low

C. Handling Strategy (RHS):
_ Sole source R & D to ADMP vendor
_Fasttrack R&D
__Full Scale testing @ TNX

Estimated Cost: OSM $05M Estimated Schedule: __ 18 Months
D. Impact of Strategy on Risk Level (RLy):

New Probability (P): Basis:_Strong business growth potential.
(O veryLikely () Likely @) Unlikely (O Very Unlikely
New Consequence (Cy): Basis

O crisis @critical (significant () Marginal ()Negligible

Residual Risk Level (RLy)| () High @) Moderate ()Low () Eliminated
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ATTACHMENT | - HLW Tank 18 Waste Removal Team
Risk Screening Criteria

Rev. 11/8/00

Idea # _A-4 (ADMP) Function F.1
Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.
Risk Screening Criteria Potential for Risk?
No Low Yes
A. TECHNOLOGY
1. New technology? %
2. Unknown or unclear technology? X
3. Newapplication of existing technology?No Rad Experience - X
4. Modemized/advanced technology in existing application? X
B. INTERFACES X
1. Multiple systemn interfaces (e.g., canyons, transfer routes} an issug? X
2. Multiple technical agencies an issue? X
3. Interfaces with operating SSCs during construction/installation present issues? X
4. Interfaces with operating SSCs including testing present issues? X
5. Involves co-occupancy issues? X
6. H&V/Negative pressure loss issues? X
7. Multiple Project/Facility interfaces cause issues? X
C. SAFETY
1. Criticality potential? X
2. Significant exposure/contamination potential? X
3. Any significant impact or challenge to the Facility's Authorization Basis? X
4. Hazardous material issues? X
5. Process hazard potential?Compressed gas Issue X
6. Will hazardous materials inventories exceed the OSHA or Radiation Management Plan total quantities? X
D. REGULATORY/ENVIRONMENTAL
1. Environmental assessment/impact statement issues? X
2. Additional releases? X
3. Undefined disposal methods? X
4. Requires substantial equipment D&R?Move out of center run X
5. Emergency transfers needed?
6. Political vulnerabilities {DOE, Congress, local govemment) create significant issues? X
E. DESIGN
1. Undefined, incomplete or unclear functional requirements? - X
2. Undefined, incomplete or unclear design criteria? X
3. Complex design features (e.g., controls, seismic, compatibility)? . X
4. Difficult to perform functional test?Test at 55 length ' X
5. Issues with the content, number or clarity of assumptions? X
6. Precludes portability of infrastructure? X
7. RAM! issues?Run for 4,000 hrs of testing refurbished X
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team
Risk Screening Criteria
Rev. 11/8/00

idea # _A-4 (ADMP) Function F.1
Risk Screening Criteria Potential for Risk?
No | Low | Yes
F. RESOURCES/CONDITIONS
1 Are adequate and timely resources, material, or equipment a concern? X
2. Specialty resource requirements create concems? X
3. Are existing utility locations a concern (above/betow ground)? X
4. Are geological conditions a concern? X
5. Is weather a concem? X
6. Are critical lifts a concem?Type IV tank/dropped pump in Tank X
7. Is there insufficient experience with the O&M of the proposed system? )4
G. SCHEDULE
1. Project Schedule uncertainties or restraints that may impact project compietion or milestone dates? X
2. Fast track critical needs issues? ) X
H. PROCUREMENT )
1. Long lead items that may atfect critical path? X
2. Potential unavailable qualified vendors or contractors? X
3. Is the procurement strategy inadequate? X
4.ls it a first-use subcontractor/vendor that presents issues? X
5. Do vendor support issues exist? X
I. OTHER '
1. Contract issues? : X
2. Direct hire/subcontract issues? . X
3. Systems startup concerns? X
4. ECR adequate X
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:__ C5-1 Date:_ 1/11/01 Idea/Strategy Number:.___ A-4

Idea/Strategy Title: ADMP
A

o

. Risk Level (RL): O High . Moderate O Low

Statement of Risk (What are we concerned about?)
The pump column contains high pressure gas in a contaminated vapor space

Basis for the nisk:

Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely O Likely .Unlikely O Very Unlikely

Basis for Probability of Occurrence:__Engineered systems and passive controls exit to prevent the
occurrence.

Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, etc.)

Consequence Factor: OCTiSiS OCriIiCﬂl . Significant OMafginﬂl O Negligible

Basis for Consequence Factor (State consequences):_Release of airborne contamination to personnel &
environment .

Risk Handling Strategy (RHS): -
__Assembly specs for pump; special handling instr; leak check prior to installation

Estimated Cost: ' Estimated Schedule:
Impact of Strategy on Risk Level (RLy,):

New Probability (Py): Basis:
O Very Likely O Likely OUn]lke]y OVery Unlikely

New Consequence (Cy): Basis
O Crisis OCritical OSigniﬁcant O Marginal ONcgligible

Residual Risk Level (RLy): O High O Moderate OLow O Eliminated
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ATTACHMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria

ldea # _A-41 (Moditied ADMP) Function

Rev. 11/8/00

Screenings are performed 1o determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.

Risk Screening Criteria -

Potential for Risk?

No | Low I Yes,

A TECHNOLOGY

1

. New technology?

2

. Unknown or unclear technology?

3

. New application of existing technology?No Rad Experience

4

. Modemized/advanced technology in existing application?

B. INTERFACES

. Muttiple system interfaces (e.g., canyons, transfer routes) an issue?

. Muitiple technical agencies an issue?

. Interfaces with operating $SCs during construclion/installation present issugs?

. Interfaces with operating SSCs including testing present issues?

. Involves co-occupancy issues?

. H&V/Negative pressure loss issues?

oI XXX XXX

. SAFETY

. Criticality potential?

. Significant exposure/contamination potential?

. Any significant impact or challenge to the Facility'’s Authorization Basis?

1
2
3
4
5
6
7. Multiple ProjectFaciiity interfaces cause issues?
C
1
2
3
4

. Hazardous material issues?

. Process hazard potential?Compressed gas issue

. Will hazardous materials Inventories exceed the OSHA or Radiation Management Plan total quantities?

KX MK X[}

. REGULATORY/ENVIRONMENTAL

. Environmental assessment/impact statement issues?

. Additional releases?

. Undefined disposal methods?

. Requires substantial equipment D&R?Move cut of center run

. Emergency transfers needed?

. Palitical vulnerabilities (DOE, Congress, local government) create significant issues?

A R P e

. DESIGN

. Undefined, incomplete or unclear functional requirements?

. Undefined, incomplete or unclear design criteria?

. Complex design leatures (e.g., controls, seismic, compatibility)?

. Difficult 1o perform functional test?Test at 55’ length

. Issues with the content, number or dlarity of assumptions?

. Precludes portability of infrastructure?

w|lo|lo|s|lw|lw|(am]je || &I IRIO

. RAMI issues?Run for 4,000 hrs of testing returbished

SR XX KPR |X
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ATTACHEMENT 1 - HLW Tank 18 Wasile Removal Teamn
Risk Screening Criteria
Rev. 11/8/00

Idea # A-41 (Modified ADMP) Function F.1

Risk Screening Criteria Potential for Risk?
No Low Yes

F. RESOURCES/CONDITIONS

1 Are adequate and timely resources, material, or equipment a concem?
2. Specialty resource requirements create concems?

3. Are existing ultility locations a concemn (above/below ground)?

4, Are geological conditions a concern?

5. Is weather a concem?

6. Are critical lifts a concem?Type IV tank/dropped pump in Tank

7. Is there insufficient experience with the O&M of the proposed system?
G. SCHEDULE

1. Project Schedule uncertainties or restraints that may impact project completion or milestone dates? X
2. Fast track critical needs issues?

H. PROCUREMENT

1. Long tead items that may affect critical path?

2. Potential unavailable qualified vendors or contractors?

3. Is the procurement strategy inadequate?

4. Is it a first-use subcontractor/vendor that presents issues?
5. Do \}endor support issues exist?

I.LOTHER

1. Contract issues?

2. Direct hire/subcontract issues?

3. Systems startup concems?

4. ECR adequate

MM R IX

>

KX > |x]|X

R ||
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ATTACHMENT 2

HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment ldentification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:_ G1-1 Date:__ 1/11/01 Idea/Strategy Number:___ A-41
Idea/Strategy Title:___Modified ADMP

A. Statement of Risk (What are we concerned about?)
The vendor may take too long to develop the pump.

Basis for the risk: This is a completely new design that must be ready to install in 18 months.
B. Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely . Likely OUnlikely O Very Unlikely

Basis for Probability of Occurrence:__This is a very high capacity pump in a very small
package.

C. Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, etc.)

Consequence Factor: OCrisis OCritical . Significant OMarginal O NNegligible

Basis for Consequence Factor (State consequences)._FFA tank closure date could be
missed.

Risk Level (RL): @ nizh O Moderate () Low

Risk Handling Strategy (RHS):
__Provide $500,000 incentive to vendor to accelerate R & D, also, refurbish existing ADMP to
serve as backup.

&

g

Estimated Cost: _$500,000 Estimated Schedule: - N/A
F. Impact of Strategy on Risk Level (RLy):

New Probability (Pp): Basis: Existing ADMP should be ready if
O Very Likely O Likely OUnlike]y . Very Unlikely needed.

New Consequence (Ch): Basis: No change
O Crisis OCritical .Signiﬁcant O Marginal ONegligible

Residual Risk Level (RLy,): O High . Moderate OLow O Eliminated
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

PreeNr s e

el IUTEYNENTIr~ a3 © P g TR e S

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:_E7-1 Date:___1/11/01 Idea/Strategy Number: A-4
Idea/Strategy Title:

A. Statement of Risk (Whar are we concerned about?)
ADMP had bearing failure at 4,000 hrs of operation

Basis for the nsk:

B. Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely O Likely .Unlikely O Very Unlikely

Basis for Probability of Occurrence:__Inspected; and retest refurbished ADMP will be completed prior
to use for this application.

Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, elc.)

Consequence Factor: | () Crisis () Critical @) Significant () Marginal (O Negligible
Basis for Consequence Factor (State consequences)._ADMP fails before sludge removal complete

D. Risk Level (RL): _ O High . Moderate O Low

E. Risk Handling Strategy (RHS):
_Develop critical spare parts list
_Enhance heel removal
_Purchase Spare '

Estimated Cost: Estimated Schedule:
F. Impact of Strategy on Risk Level (RLy,):

New Probability (Py): Basis:
O Very Likely () Likely (Ounlikety () Very Unlikely

New Consequence (Cy): Basis
O Crisis Ocmical OSigniﬁcant O Marginal ONcgligiblc

Residual Risk Level (RL,,): O High O Moderate OLOW O Eliminated
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:__I4-1 Date:_1/11/01 Idea/Strategy Number: A4

Idea/Strategy Title:__ADMP
A.

SR

Statement of Risk (Whar are we concerned about?)
Excess solids may be left in tank if ADMP also used for heel removal

Basis for the risk:

Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely . Likely OUnhkcIy O Very Unlikely
Basis for Probability of Occurrence:Testing at TNX showed potential for leaving bathtub ring of solids

Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, eic. )

Consequence Factor: O Crisis .Crilica] O Significant O Marginal O Negligible
Basis for Consequence Factor (State consequences):_May not be able to get to 4,000 gal of residual sludge

Risk Level (RL): . High O Moderate O Low

Risk Handling Strategy (RHS):
Enhance mixing by adding additional mixer (0.2 m)
Provide contingency heel removal method and hardware (1.0 m)

Estimated Cost: Estimated Schedule: ___No extension
Impact of Strategy on Risk Level (RLy,):

New Probability (Py): Basis:_Backup methods provide assurance <
O Very Likely O Likely OUnhkcly . Very Unlikely 1,000 Gal can be achieved

New Consequence (Cy): Basis
(O crisis @critical Osignificant () Marginal (O Negligible

Residual Risk Level (RLy): O High O Moderate .Low O Eliminated
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Rev. 11/8/00

Idea # _A-43 (ARD) Function F.1
Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.
Risk Screening Criteria Potential for Risk?
No Low Yes
A. TECHNOLOGY
1. Naew technology? X
2. Unknown or unclear technology? X
3. New apptication of existing technology?No experience at SRS HLW tank X
4. Modemized/advanced technology in existing application? X
B. INTERFACES
1. Multiple system interfaces (e.g., canyons, transler routes) an.issue? X
2. Multiple technical agencies an issue? X
3. Interfaces with operating SSCs during constructiorvinstallation present issues? X
4. Interfaces with operating SSCs inctuding testing present issues? X
5. Involves co-occupancy issues? X
6. H&V/Negative pressure loss issues? X
7. Multiple Project/Facility interfaces cause issues? X
C. SAFETY
1. Criticality potential? X
2. Significant exposure/contamination potential? X
3. Any signiticant impact or challenge to the Facility's Authorization Basis? X
4, Hazardous material issues? X
5. Process hazard potential? X
6. Wili hazardous materials inventories exceed the OSHA or Radiation Management Plan total quantities? X
D. REGULATORY/ENVIRONMENTAL
1. Environmental assessment/impact statement issues? X
2. Additional refeases? X
3. Undefined disposal methods? X
4, Requires substantial equipment D&R? X
5. Emergency transfers needed? X
6. Political vulnerabilities (DOE, Congress, local govemment) create significant issues? X
E. DESIGN
1. Undefined, incomplete or unclear functional requirements? X
2. Undefined, incomplete or unclear design criteria? X
3. Complex design features (e.g., controls, seismic, compatibility) ?installation & tie-in to transfer system X
4, Difficult to perform functional test? X
5. Issues with the content, number or clarity of assumptions? X
6. Precludes portability of infrastructure? X
7. RAMI issues? X
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria
Rev. 11/8/00
Idea # _A-43  (ARD) Function F.1

Potential for Risk?

No I Low ] Yes

Risk Screening Criteria

F. RESOURCES/CONDITIONS

1 Are adequate and timely resources, material, or equipment a concern?
2. Specialty resource requirements create concems?

3. Are existing utility locations a concem (above/below ground)?

4. Are geological conditions a concemn?

6. 1s weather a concem?

6. Are critical lifts a concem?

7. Is there insufficient experience with the O&M of the proposed system? X
G. SCHEDULE
1. Project Schedule uncertainties or restraints that may impact project comptetion or milestone dates? X
2. Fast track critical needs issues? X
H. PROCUREMENT
1. Long lead items that may affect critical path?Sole Source X
2. Potential unavailable qualified vendors or contractors?

3. Is the procurement strategy inadequate?

4. Is it a first-use subcontractor/vendor that presents issues?
5. Do vendor support issues exist?

. OTHER

1. Contract issues?

2. Direct hire/subcontract issues?

3. Systems startup concemns?

4. ECR adequate?

5, Pump requirememnts? ‘ X
6. Tether management? X

HKIX ||| X

LA AR RS

||| x

-On board pump adequate to getto 7
-Footprint of the job
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ATTACHMENT 2

HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:__F7-1 Date:_1/11/01 Idea/Strategy Number:___A-43
Idea/Strategy Title: ARD

A. Statement of Risk (Whar are we concerned about?})
_SRS lacks robotic experience in HLW tank

Basis for the risk:
B. Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely | O Likely .Unlikely O Very Unlikely
Basis for Probability of Occurrence:__Training can be utilized

C. Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, etc.)

Consequence Factor: OCrisis .Critical O Significant OMarginaI O Negligible

Basis for Consequence Factor (State consequences):_ARD may not work in our application thus
jeopardizing FFA :

. Risk Level (RL): ‘ O High @ Moderate () Low
E. Risk Handling Strategy (RHS):

o

Estimated Cost: Estimated Schedule:
F. Impact of Strategy on Risk Level (RLy,):

New Probability (P},): Basis:
O Very Likely O Likely OUnlikely O Very Unlikely

New Consequence (Cy): Basis
O crisis Ogitical Osignificant () Marginat (O)Negligible

Residual Risk Level (RLx)Y| (O High () Moderate (OLow () Eliminated
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HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:__I5.1 Date: 1/11/01___  Idea/Strategy Number: A-43
Idea/Strategy Title:_ARD

A. Statement of Risk (What are we concerned about?)
Required on Board pump to pump sludge to Tk 7 may be too heavy for the robot

A Basis for the risk:
B. Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely . Likely OUnlikely O Very Unlikely
Basis for Probability of Occurrence:__off the shelf item

C. Consequence (C) (What is/are the consequences if the “unhandled" risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, etc.)

Consequence Factor: O Crisis .Critica] O Significant O Marginal O Negligible
Basis for Consequence Factor (State consequences)._Application may jeopardize FFA

Risk Level (RL): @ uigh O Moderate () Low

Risk Handling Strategy (RHS):
Determine rheology
Specs to vendor
Utilize booster

=

s

Estimated Cost: _Incr. < $100 k Estimated Schedule: None
F. Impact of Strategy on Risk Level (RLy):

New Probability (Py): Basis:___Leaveraging vendor experience
O Very Likely O Likely OUnlikely . Very Unlikely

New Consequence (Cp): Basis
O crisis @critical Osignificant () Marginal () Negligible

Residual Risk Level (RLy): O High O Moderate .Low O Eliminated
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:__16-1 Date:_1/11/01 Idea/Strategy Number:__A-43
Idea/Strategy Title:_ARD
A. Statement of Risk (What are we concerned about?)

= &

Cumbersome hose and cabling inhibit mobility of rebot

Basis for the nsk:

Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely O Likely .Unlikely O Very Unlikely
Basis for Probability of Occurrence:___Previous experience at other facility

Consequence (C) (What is/are the consequences if the “unhandled" risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements,.elc.)

Consequence Factor: OCrisiS .Crilical O Significant OMarginal O Negligible

Basis for Consequence Factor (State consequences).Cannot direct robot to all areas of tank in order to
Remove sludge will not meet FFA '

Risk Level (RL): O High . Moderate O Low
Risk Handling Strategy (RHS): ,

Estimated Cost: Estimated Schedule:
Impact of Strategy on Risk Level (RLy):

New Probability (Py): Basis:
O Very Likely O Likely OUnlikcly O Very Unlikely

New Consequence (Cy): Basis
(O crisis (critical O significant () Marginal (Negligible

Residual Risk Level (RLy)] () High () Moderate (JLow () Eliminated
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Risk Screening Criteria

Rev. 11/8/00

Idea # A-44  {Houdini) Function F.1
Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk 1o the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.
Risk Screening Criteria ‘ Potential for Risk?
. No Low Yes
A. TECHNOLCGY
1. New technology? X
2. Unknown or unclear technology? X
3. New application of existing technology? No experience in HLW tanks X
4. Modemized/advanced technology in existing application? X
B. INTERFACES
1. Multiple system interfaces (e.g., canyons, transfer routes) an issue? X
2. Multiple technical agencies an issue? X
3. Interfaces with operating SSCs during constructionf/installation present issues? X
4, Interfaces with operating SSCs including testing present issues? X
5. Involves co-occupancy issues? X
6. H&V/Negative pressure 0ss issues? X
7. Muttiple Project/Facility interfaces cause issues? X
C. SAFETY
1. Criticality potential? X
2. Significant exposure/contamination potential? X
3. Any significant impact or challenge to the Facility’s Authorization Basis? X
4, Hazardous material issues? X
5. Process hazard potential? X
6. Will hazardous materials inventories exceed the OSHA or Radiation Management Plan total quantities? X
D, REGULATORY/ENVIRONMENTAL
1. Environmental assessment/impact statement issues? X
2. Adgditional releases? X
3. Undefined disposal methods? X
4. Requires substantial equipment D&R? X
5. Emergency transfers needed? X
6. Political vulnerabilities (DOE, Congress, local government) create significant issues? ) 4
E. DESIGN
1. Undefined, incomplete or unclear functional requirements? X
2. Undefined, incomplete or unclear design criteria? . X
3. Complex design features (e.g., controls, seismic, compatibility) ?Installation & tie-in to transier system X
4. Difficult to perform functional test? X
5. 1ssues with the content, number or clarity of assumptions? X
6. Precludes portability of infrastructure? X
7. RAM) issues?Houidini already in use; can't decon/test X
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria

Idea # A-44 (Houdini) _ : Function FA

Rev. 11/8/00

Risk Screening Criteria

Potential for Risk?

No l Low ] Yes

F. RESOURCES/CONDITIONS

1 Are adequate and timely resources, material, or equipment a concem?

2. Specialty resource requirements create concems?

. Are existing utility locations a concerm (above/below ground)?

. Are geological conditions & concern?

. Are critical lifts a concem?

AR A R A A e B

3
4
5. |s weather a concem?
6
7

. ts there insufficiert experience with the O&M of the proposed system?(No new)

G. SCHEDULE

1. Project Schedule uncertainties or restraints that may impact project completion or mitestone dates?

x

2. Fast track critical needs issues?

>

H. PROCUREMENT

1. Long lead iterns that may affect critical path?

. Potential unavailable qualified vendors or contractors?

. Is it a first-use subcontractor/fvendor that presents issues?

2
3. Is the procurement strategy inadequate?
4
5

. Do vendor suppont issues exist?

A B o Do I

1. OTHER

1. Contract issues?

>

2, Direct hire/subcontract issues?

>

3. Systems startup concems?

4. ECR Adequate

5. Pump requirements

6. Tether management (No new)
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ATTACHMENT 2

HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number: E4-1 Date: _1/11/01__ Idea/Strategy Number:___A-44
Idea/Strategy Title: Houdini w/CSEE

A. Statement of Risk (What are we concerned about?)
_Houdini has significant operating hours; is contaminated and cannot be tested at TNX; reliability
_ is questionable

Basis for the risk:

B. Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely . Likely OUnlikely OVefy Unlikely
Basis for Probability of Occurrence:

C. Consequence (C) {What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, erc.)

Consequence Factor: | Crisis @ Critical () Significant () Marginal (O Negligible

Basis for Consequence Factor (State consequences)._ Untested system may not perform as required;
thereby missing- FFA :

D. Risk Level (RL): . High O Moderate O Low

. Risk Handling Strategy (RHS):
Buy new Houdini
Create testing area

=

Estimated Cost: ___ (.25 M Estimated Schedule: ___no impact
~F. Impact of Strategy on Risk Level (RL;):

New Probability (Py): Basis:_New equipment & tested
O Very Likely O Likely .Unlikcly O Very Unlikely

New Consequence (Cy): Basis
(O crisis @critical () significant () Marginai (Negligible

Residual Risk Level (RLy)| () High @ Moderate ()Low () Eliminated
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:_E7-2 Date: _1/12/01 IdeafStrategyANumber:__A-44
Idea/Strategy Title:__Houdini w/CSEE

A. Statement of Risk ( Whar are we concerned about?)
Due to extensive prior use, reliablility is questionable

Basis for the nisk: -

B. Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely . Likely OUnlikcIy O Very Unlikely
Basis for Probability of Occurrence: _Extensive prior use

C. Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, €Ic.)

Consequence Factor: O Crisis .C’i”ca' O Significant O Marginal O Negligible
Basis for Consequence Factor (State consequences)._Equipment may fail causing missed FFA commit-
ment.

D. Risk Level (RL): @ tigh O Moderate (O Low

Risk Handling Strategy (RHS):
_Procure additional Houdini (indulging supports/repair procedures)

b

- _Set up contaminated test area and conduct complete

Estimated Cost: __$500 K Estimated Schedule: None
F. Impact of Strategy on Risk Level (RLy):

New Probability (Py,): Basis:
O Very Likely O Likely OUn!ike]y O Very Unlikely

New Consequence {Cy): Basis
O Crisis OCritical OSigniﬁcant O Marginal ONegligiblc

Residual Risk Level (RL;): O High O Moderate OLow O Eliminated
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ATTACHMENT | - HLW Tank 18 Waste Removal Team
Risk Screening Criteria

Rev. 11/8/00
Idea # A-70 (4 SPs) Function F.1

Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.

Risk Screening Criteria Potential for Risk?
No I Low I Yes

A. TECHNOLOGY

1. New technology?

2. Unknown or unclear technology?

3. New application of existing technology?

4. Modemized/advanced technology in existing application?

B. INTERFACES

1. Muttiple system interfaces {e.g., canyons, transfer routes} an issue?
2. Multiple technical agencies an issue?

3. Interfaces with operating SSCs during construction/installation present issues?New hole in tank top X

K]

>

>

4. Interfaces with operating SSCs including testing present issues?

5. Involves co-occupancy issues?

6. H&V/Negative pressure loss issues?

LA Gl P o

7. Multiple ProjectFacility interfaces cause issues?
C. SAFETY

1. Criticality potential?

2. Significant exposure/contamination potential? X
3. Any significant impact or challenge to the Fagcility's Authorization Basis?

4. Hazardous material issues?

5. Process hazard potential?

6. Will hazardous materials inventories exceed the OSHA or Radiation Management Pian total quaniities?
D. REGULATORY/ENVIRONMENTAL '

1. Environmental assessment/impact statement issues?

2. Additional releases?

3. Undefined disposal methods? X
4. Requires substantial equipment D&R?2SP D& R X

x

K XXX

>

>

| 5. Emergency transters needed?

6. Political vulnerabilities (DOE, Congress, local government) create significant issues?
E. DESIGN

>

1. Undefined, incomplete or unclear functional requirerments?

2. Undefined, incomplete or unclear design criteria?

3. Complex design features (e.g., controls, seismic, compatibility)?
4. Difficult to perform functional test?
5
6
7

. Issues with the content, number or clarity of assumptions?

. Precludes pontability of infrastructure?

LA R R AR A Pl B

. RAMI issues?
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria
Rev, 11/8/00
Idea # _A-70 {4 SPs) Function F.1

Risk Screening Criteria Potential for Risk?
No I Low | Yes

F. RESOURCES/CONDITIONS
1 Are adequate and timely resources, material, or equipment a concem?
2. Specialty resource requirements create concems?
3. Are existing utility locations a concern (above/below ground)?
4. Are geological conditions a concern?
5. Is weather a concem?
6. Are critical lifts a concem? X
7. Is there insufficient experience with the O&M of the proposed system? X
G. SCHEDULE
1. Project Schedule uncertainties or restraints that may impact project completion or milestone dates?
2. Fast track critical needs issues?
'H. PROCUREMENT
1. Long lead items that may affect critical path?
2. Potential unavaitable qualified vendors or contractors?
3. Is the procurement strategy inadequate?
4, 15 it a first-use subcontractorfvendor that presents issues?
5. Do vendor support issues exist?
I. OTHER
1. Contract issues?
2. Direct hire/subcontract issues?
3. Systems startup concerns? X
4. ECR Adequate? X

KX ]|xX|>=

>

>

HKEM XK

o

x
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ATTACHMENT 2

HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:_B3-1 Date:_1/11/00 Idea/Strategy Number:___A-70
Idea/Strategy Title:___4 SPs

A. Statement of Risk (What are we concerned about?)
Installing new riser may compromise SS tank (Type IV) Structure

Basis for the risk:

B. Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely O Likely OUnlikcly . Very Unlikely
Basis for Probability of Occurrence:__Completed similar activities on TK 19

C. Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, elc.

Consequence Factor: O Crisis .Critical O Significant O Marginal O Negligible
Basis for Consequence Factor (State consequences)._Tank failure

Risk Level (RL): (O High O Moderate @ Low
Risk Handling Strategy (RHS):

=

=

Estimated Cost: Estimated Schedule:
F. Impact of Strategy on Risk Level (RLy):

New Probability (Py): Basis:
O Very Likely O Likely OUnhI\ely O Very Unlikely

New Consequence (Cp): Basis
O Crisis OCnucal OSigniﬁcanl O Marginal ONeg]igible

Residual Risk Level (RLy){ () High () Moderate (QLow (O) Eliminated
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:__D4-1 Date:__1/11/01 Idea/Strategy Number:___A-70

Idea/Strategy Title:__4 SPs
A.

S

Statement of Risk (What are we concerned about?)
D & R of 2 highly contaminated and very large SPs

Basis for the risk:
Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely . Likely OUnlikely O Very Unlikely
Basis for Probability of Occurrence:_Extensive experience of disposing of CLE

Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, elc. )

Consequence Factor: | (O Crisis  (Ocritica () Significant @) Marginal (O Negligibte

Basis for Consequence Factor (State consequences).__D & R may result in high exposure to personnel
and disposition issues with CLE

Risk Level (RL): O High . Moderate O Low
Risk Handling Strategy (RHS):

Estimated Cost: Estimated Schedule:
Impact of Strategy on Risk Level (RLy):
_ New Probability (Py): Basis:
O Very Likely O Likely OUnlikely OVery Unlikely
New Consequence (Cy): Basis
O crisis Ocritical (significant () Marginal () Negligible

Residual Risk Level (RLy)| () High () Moderate (OQLow (O) Eliminated
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ATTACHMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria

Rev. 11/8/00

Idea # A-74 (ARM w/CSEE) Function F.1
Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.
Risk Screening Criteria Potential for Risk?
No Low Yes
A. TECHNOLOGY .
1. New technology? X
2. Unknown or unclear technology? X
3. New appiication of existing technology?Not as SRS X
4. Modemized/advanced technology in existing application? X
B. INTERFACES
1. Multiple system interfaces (e.g., canyons, transfer routes) an issue? X
2. Multiple technical agencies an issue? X
3. Interfaces with operating SSCs during construction/installation present issues? X
4. Interfaces with operating SSCs including testing present issues? X
5. Involves co-occupancy issues? X
6. H&V/Negative pressure loss issues? X
7. Multiple Project/Facility interfaces cause issues?Huge Structure X
C. SAFETY
1. Criticality potential? X
2. Significant exposure/contamination potential? X
3. Any significant impact or challenge to the Facility's Authorization Basis? X
4, Hazardous material issues? X
5. Process hazard potential? X
6. Will hazardous materials inventories exceed the QSHA or Radiation Management Plan total guantities? X
D. REGULATORY/ENVIRONMENTAL
1. Environmental assessment/impact statement issues? X
2. Additional releases? X
3. Undefined disposal methods? X
4. Requires substantial equipment D&R? X
5. E-mergency transfers needed? X
6. Political vulnerabilities (DOE, Congress, local government) create significant issues? X
E. DESIGN
1. Undefined, incomplete or unclear functional requirements? X
2. Undefined, incomplete or unclear design criteria? X
3. Complex design features {e.g., contrals, seismic, compatibility}? I/l X
4. Difficult to perform functional test?Contaminated X
5. Issues with the content, number or clarity of assumptions? X
6. Precludes portability of infrastructure? X
7. RAMI issues? x
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team .

Risk Screening Criteria
Rev. 11/8/00
ldea # _A-74 (ARM w/CSEE) Function F.1

Risk Screening Criteria Potential for Risk?
No l Low ] Yes

F. RESOURCES/CONDITIONS

1 Are adequate and timely resources, material, or equipment a concem?
2. Specialty resource requirements create concems?

3. Are existing utility locations a concern {above/below ground)?

4. Are geological conditions a concern?

5. Is weather a concem?25 mph wind constraint X
6. Are critical lifts a concem?
7. Is there insufficient experience with the Q&M of the proposed system? X
G. SCHEDULE
1. Project Schedule uncertainties or restraints that may impact project completion or milestone dates? X
2. Fast track critical needs issues?
H. PROCUREMENT

1. Long lead items that may affect critical path?Fix of equip-long lead X
2. Potential unavailable quatified vendors or contractors? '
3. Is the procurement strategy inadequate?

4. is it a first-use subcontractor/vendor that presents issues?
5. Do vendor suppont issues-exist?

I. OTHER

1. Contract issues?

2. Direct hire/subcontract issues? X
3. Systems startup concerns? . X

K|

>

x

HKAIX XX

>
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ATTACHMENT 2

HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:__E7-3 Date:_ 1/11/01 Idea/Strategy Number:____A-74

Idea/Strategy Title:__ARM w/CSEE
A.

=

Statement of Risk (What are we concerned about?)
It is unknown if the equipment can be repaired in a timely manner

Basis for the risk:

Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely . Likely OUnIikely O Very Unlikely

Basis for Probability of Occurrence:_1. Extensive prior use 2. Currently broken;
3. Equipment design not understood by SRS

Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, etc.)

Consequence Factof: OCrisis .Critica] O Significant OMarginal O Negligible

Basis-for Consequence Factor (State consequences)._Equipment may fail causing missed FFA Commit-
ment

Risk Level (RL): . High O Moderate O Low

Risk Handling Strategy (RHS):
Procure parts ASAP (including spare/repair procedures
Subcontracting vendor to repair
Set up contaminated test area and conduct complete

Estimated Cost: $15M Estimated Schedule: _2 yrs (currently in schedule)-no float_

Impact of Strategy on Risk Level (RLy):

New Probability (Pg): Basis:_Up front work will be sufficient to elimi-
() veryLikety () Likely (Ounlikely @ Very Unlikely | Rate

New Consequence (Cp): Basis;
O crisis @criticat O significant () Marginat () Negligible

Residual Risk Level (RL;): O High O Moderate .Low O Eliminated
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Rev. 11/8/00

Idea # _B4M Hose in Hose Function F.3
Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determtning whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.
Risk Screening Criteria Potential for Risk?
No | Low I Yes
A. TECHNOLOGY
1. New technology? X
2. Unknown or unclear technology? X
3. New application of existing technology?Bigger/better hose X
4, Modemized/advanced technology in existing appfication? X
B. INTERFACES
1. Multiple system interfaces (e.g., canyons, transfer routes) an issuae? X
2. Multiple technical agencies an issue? X
3. Interfaces with operating SSCs during construction/installation present issues? X
4. Interfaces with operating SSCs including testing present issues? X
5. Involves co-occupancy issues?overanding route (CR in the way) X
6. H&V/Negative pressure loss issues? X
7. Multiple ProjectFacility interfaces cause issues?(SEE B5) X
C. SAFETY
1. Criticality potential? X
2. Significant exposure/contamination potential?{SEE B5/D4) X
3. Any significant impaict or challenge to the Facility’s Authorization Basis? X
4, Hazardous material issues? X
5. Process hazard potential? X
6. Will hazardous materials inventories exceed the OSHA or Radiation Management Plan total quantities? X
D. REGULATORY/ENVIRONMENTAL
1. Environmental assessment/impact statement issues? X
2. Additional releases? X
3. Undefined disposal methods? X
4. Requires substantial equipment D&R? D & R of hose in hose when comp. X
5. Emergency transfers needed? ' X
6. Political vulnerabilities (DOE, Congress, local government) create significant issues? X
E. DESIGN
1. Undetingd, incomplete or unclear functional requirements? X
2. Undefined, incomplete or unclear design crileria? X
3. Complex design features (e.g., controls, seismic, compatibility)? X
4. Difficult to perform functional test? X
5. Issues with the content, number or clarity of assumptions? X
6. Precluges pontability of infrastructure? X
7. RAMI issues? X
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria
’ Rev. 11/8/00

Idea # _B4M {Hose in Hose) Function F.3

Risk Screening Criteria Potential for Risk?
No I Low | Yes

F. RESOURCES/CONDITIONS

1 Are adequate and timely resources, material, or equipment a ¢concern? X

2. Specialty resource requiremnents create concems? X

3. Are existing utility focations a concem (above/below ground)? X

4. Are geologicat conditions a concem? X

5. Is weather a concem? X

6. Are critical lifts a concem? X

7. Is there insulficient experience with the O&M of the proposed system? X

G. SCHEDULE

1. Project Schedule uncertainties or restraints that may impact project completion or milestone dates? X

2. Fast track critical needs issues? X

H. PROCUREMENT )

1. Long lead items that may affect critical path? X

2. Potential unavailable qualified vendors or contractors? X

3. Is the procurement strategy inadequate? X

4. Is it a first-use subcontractor/vendor that presents issues?lsed at RL X

5. Do vendor support issues exist? X

1. OTHER )

1. Contract issues? b4

2. Direct hire/subcontract issues? X

3. Systems startup concems? . X
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ATTACHMENT 2

HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer ’

Risk Number:_B5-1 Date:__1/12/01 Idea/Strategy Number:___B4M_
Idea/Strategy Title;:_Hose in Hose

A. Statement of Risk (What are we concerned about?)
Co-occupancy issues to route hose such that other Tank Farm activities are minimally impacted
become difficult

Basis for the risk:
B. Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely . Likely OUnlikcly (O Very Unlikely
Basis for Probability of Occurrence:

C. Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, etc.}

Consequence Factor: OCrisis OCritical O Significant .Marginal O Negligible

Basis for Consequence Factor (State consequences)._Cost to route hose increases or Tk activities
Shutdown

=

. Risk Level (RL): O High . Moderate O Low

E. Risk Handling Strategy (RHS):
Develop route away from occupied areas
Intergrate xfer with other activities/outages to reduce impacts

- Additional shield up

Estimated Cost: __ 300K Estimated Schedule:
F. Impact of Strategy on Risk Level (RLy):

New Probability (Py): Basis:
O Very Likely O Likely OUn]ikf:]y . Very Unlikely

New Consequence {Cy): Basis:
O crisis Okeriticat O significant () Marginal () Negligible

Residual Risk Level (RLy){ (O High () Moderate ()Low () Eliminated
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Remeoval and Transfer

Risk Number:_D4-2 Date:_1/12/01 Idea/Strategy Number:_B4M
Idea/Strategy Title:_Hose in Hose

A. Statement of Risk (What are we concerned about?)
D & R of Hose may create radiological & disposal issues

Basis for the nisk:
B. Probability (P) (Whar is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: |() VeryLikely (@) Likely (O uniikely () Very Unlikely
Basis for Probability of Occurrence:

C. Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, eic.)

Consequence Factor:  |(O Crisis (Ocriveal () Significant @ Marginal () Negligible
Basis for Consequence Factor (State consequences):_Cost & schedule overruns;expend personnel__
resources to D & R

Risk Level (RL): (O nigh @ Moderae () Low

E. Risk Handling Strategy (RHS):
Develop D & R Plan Early
Dems/mockup D & R techniques
Leverage Hanford lessons learned & FFA §

S

Estimated Cost: ___ 100K Estimated Schedule:
F. Impact of Strategy on Risk Level (RLy):

New Probability (Py): Basis:
() Very Likely (O vikely @ untikety () Very Unlikely

New Consequence (Cy): Basis
O Crisis OCritical OSigniﬁcant . Marginal ONeingible

Residual Risk Level (RLy): O High O Moderate .Low O Eliminated
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ATTACHMENT | - HLW Tank 18 Waste Removal Team

Risk Screening Criteria

Idea # B-8 (Bibo) Function

Rev. 11/8/00

Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes®
response indicates the potential for risk. 1f any of the questions are answered as Yes, a Risk Analysis is required.

Risk Screening Criteria

Potential for Risk?

No I Low | Yes

A. TECHNOLOGY

1. New technology?

n

. Unknown or unclear technology?

w

. New application of existing technology?

P

. Modemized/advanced technology in existing application?

HX|XX

. INTERFACES

pry

. Multiple system interfaces (e.g., canyons, transfer routes} an issue?

. Multiple technical agencies an issug?

. Interfaces with operating SSCs during construction/installation present issues?

. Interfaces with operating SSCs inciuding testing present issues?

. involves co-occupancy issues?

. H&V/Negative pressure l0ss issues?

. Muftiple Project/Facility interfaces cause issues?

XX IX]X XXX

. SAFETY

. Criticality potential?

. Significant exposure/contamination potential?

. Any significant impact or challenge to the Facility's Authorization Basis?

. Hazardous material issues?

. Process hazard potential?

Wil hazardous materials inventories exceed the OSHA or Radiation Management Plan total quantities?

MEr ] x

. REGULATORY/ENVIRONMENTAL

. Environmental assessment/impact statemment issues?

x

. Additional releases?

>

. Undefined disposal methods?

. Requires substantial equipment D&R?

X Emergency transfers needed?

. Pofitical vulnerabilities (DOE, Congress, focal governmenit) create significant issues?

>,

. DESIGN

. Undefined, incomplete or unciear functional requirements?

. Undefined, incomplete or unclear design criteria?

Complex design teatures (e.g., controls, seismic, compatibility)?

. Difficult to perform functional test?

Issues with the content, number or clarity of assumptions?

. Precludes portability of infrastructure?

. RAMI issues?

b AR AR Bl B R ks
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria
Rev. 11/8/00

Idea # _B-8 {Bibo) Function F.2
Risk Screening Criteria Potential for Risk?
No Low Yes
F. RESOURCES/CONDITIONS .
1 Are adequate and timely resources, material, or equipment a concern? X
2. Specialty resource requirements create concems? X
3. Are existing utility locations a concem (above/below ground)? X
4. Are geological conditions a concem? X
5. Is weather a concem? X
6. Are critical lifts a concem? ) X
7. Is there insufficient experience with the O&M of the proposed system?Rad field use X
G. SCHEDULE
1. Project Schedule uncertainties or restraints that may impact project compietion or milestone dates? X
2. Fast track critical needs issues? X
H. PROCUREMENT
1. Long lead items that may affect critical path? X
2. Potential unavailable qualified vendors of contractors? X
3. Is the procurement strategy inadequate? X
4. Is it a first-use subcontractor/vendor that presents issues? X
5. Do vendor support issues exist? X
I. OTHER
1. Contract issues? X
2. Direct hire/subcontract issues? X
3. Systems startup concems? X
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ATTACHMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria

Rev. 11/8/00

Idea # _B-16 (Diode) Function F.2
Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes. a Risk Analysis is required.
Risk Screening Criteria Potential for Risk?
No | Low l Yes
A. TECHNOLOGY
1. New technology? X
2. Unknown or unclear technology? X
3. New application of existing technology?Not in US/Not in SRS X
4. Modemized/advanced technology in existing application? X
B. INTERFACES )
1. Multiple system interfaces (e.g., canyons, transfer routes) an issue? X
2. Multiple technical agencies an issue?(AEA) X
3. Interfaces with operating SSCs during construction/installation present issues? X
4. Interfaces with operating SSCs including testing present issues? X
5. Involves co-occupancy issues? X
6. H&V/Negative pressu-re loss issues? X
7. Multiple Project/Facility interfaces cause issues? X
C. SAFETY
1. Criticality potential? X
2. Significant exposure/contamination potential? X
3. Any significant impact or challenge to the Facility's Authorization Basis?Atomisation of waste (in AJ) X
4, Hazardous material issues? ' X
5. Process hazard potential? X
6. Will hazardous materials inventories exceed the OSHA or Radiation Management Plan total quantities? X
D. REGULATORY/ENVIRONMENTAL
1. Environmental assessment/impact statement issues? X
2. Additional releases? X
3. Undefined disposal methods? X
4, Requires substantial equipment D&R? x
5. Emergency transfers needed? X "
6. Political vulnerabilities (DOE, Congress, local government) create significant issues? X
E. DESIGN
1. Undefined, incomplete or unclear functionat requirements? X
2. Undefined, incomplete or unclear design criteria? X
3. Complex design features (e.g., controls, seismic, compatibility)? X
4. Difficult to perform functional test? X
5. Issues with the content, number or clarity of assumptions? X
6. Precludes portability of infrastructure? X
7. RAM! issues? X
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:_HI-2 Date: 1/12/01__ Idea/Strategy Number:___ B-16
Idea/Strategy Title:____Diode '

A. Statement of Risk ( What are we concerned about?)

Significant AB issue result in unknown costs and schedules to mitigate

Basis for the risk:
B. Probability (P) (What is the probability that the “unhandled” risk will come true 7}

Probability of Occurrence: O Very Likely O Likely OUnlikely . Very Unlikely

Basis for Probability of Occurrence:__Previous experience; similar equipment

C. Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, etc.)

Consequence Factor: O Crisis .Critic_al O Significant OMarginaI O Negligible
Basis for Consequence Factor (Staté consequences).___Missed FFA

D. Risk Level (RL): O High ) Moderate @ Low
E. Risk Handling Strategy (RHS):

Estimated Cost: Estimated Schedule:
F. Impact of Strategy on Risk Level (RLy):

New Probability (Pp): Basis:
(O very Likely () Likely (Qunlikely () Very Unlikely

New Consequence (Cy): Basis
OCrisis OCritical OSigniﬁcant O Marginal ONegligible

Residual Risk Level (RL;): O High O Moderate OLOW O Eliminated
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ATTACHMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria

Idea # B-38 (TTR} Function

Rev. 11/8/00

Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose Ne risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. 1f any of the questions are answered as Yes, a Risk Analysis is required.

Risk Screening Criteria

Potential for Risk?

No l iLow I Yes

A. TECHNOLOGY

1

. New technology?

2

. Unknown or unclear technology?

3

. New application of existing technology?

4

_ Modemized/advanced technology in existing application?

K|

B. INTERFACES

. Multiple system interfaces {e.g., canyons, transfer routes) an issue?

. Multiple technical agencies an issue?

_interfacas with operating SSCs during constructionvinstallation present issues?

. Interfaces with operating SSCs including testing present issues?

. Involves co-occupancy issues?

. H&V/Negative pressure loss issues?

. Multiple Project/Facility interfaces cause issues?

XXX XK X

. SAFETY

. Criticality potential?

>

. Significant exposure/contamination potential?D & B/ Refurbished

. Any significant impact or challenge to the Facility's Authorization Basis?

. Hazardous material issues?

. Process hazard potential?

Wil hazardous materials inventories exceed the QSHA or Radiation Management Plan total quantities?

AKX

. Environmental assessmentfimpact statement issues?

b4

. Additional releases?

>

. Undefined disposal methods?

. Requires substantial equipment D&R?

. Emergency-transiers needed?

_ Potitical vulnerabilities (DOE, Congress, local government) create significant issues?

>

. DESIGN

. Undefined, incomeplete or unclear functional requirements?

. Undefined, incomplete or unclear design criteria?

. Complex design features (e.g., controls, seismic, compatibility}?

. Difficutt to perform functional test?

. 1ssues with the content, number or clarity of assumptions?

. Precludes portability of infrastructure?

3
2
3
4
5
3]
7
C
1
2
3
4
5
8
D. REGULATORY/ENVIRONMENTAL
1
2
3
4
5
6
E
1
2
3
4
5
6
7

. RAM issues?

AR A R Pl Rl Rl B
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria
Rev. 11/8/00
Idea # _B-38 Function F2

Risk Screening Criteria Potential for Risk?
No I Low l Yes

F. RESOURCES/CONDITIONS

1 Are adequate and timely resources, material, or equipment a concern?

2. Specialty resource requirements create concems?

3. Are existing utility locations a concem (above/below ground)?

4. Are geological conditions a concemn?

5. Is weather a concem?

6. Are critical lifts a concem?

7. Is there insufficient experience wilh the O&M of the proposed system?

G. SCHEDULE

1. Project Schedule uncertainties or restraints that may impact project completion or milestone dates?
2, Fast track critical needs issues?

H. PROCUREMENT

1. Long lead items that may affect critical path? Refurbished 6-9m X
2. Potential unavailable qualified vendors or contractors? '
3. is the procurement strategy inadequate?

4. Is it a first-use subcontractor/vendor that presents issues?
5. Do vendor support issues exist?

1. OTHER

1. Contract issues?

2. Direct hire/subcontract issues?

3. Systems startup concermns?

A Rl el Bl B A B d Ba

>

>

W x| x

XXM
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Risk Screening Criteria

Rev. 11/8/00
Idea # B43M (Tk1 Tie-in} Function F.3

Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.

Risk Screening Criteria Potential for Risk?
No l Low i Yes

A TECHNOLOGY

1. New technology?

2. Unknown or unclear technotogy?

3. New application of existing technology?

4. Modemized/advanced technology in existing application?
B. INTERFACES

1. Multiple system interfaces {e.g., canyons, transter routes) an issue?Tk1 taken o/s:need to be returned X
2. Multiple technical agencies an issue?

3. Interfaces with operating SSCs during construction/installation present issues?

P M| XK

4. Interfaces with operating SSCs including testing present issues?

5. Involves co-occupancy issues?

LA A

6. H&V/Negative pressure loss issues?.

7. Multiple Project/Facility intertaces cause issues?Tk 7-on similar WR schedule X
C. SAFETY
1. Criticality potential?
. Significant exposure/contamination polential?
. Any significant impact or challenge to the Fagility's Authorization Basis?
. Hazardous material issues?
. Process hazard potential?
. Will hazardous materials inventories exceed the OSHA or Radiation Managemnent Plan total guantities?
. REGULATORY/ENVIRONMENTAL

A B A Pl P

. Environmental assessment/impact staterment issugs?
. Additional releases?
. Undefined disposal methods?

LA Bl Bl B

. Requires substantial equipment D&R?

. Political viinerabilities (DOE, Congress, local govemment) create significant issues? X

. DESIGN
. Undefined, incomplete or unclear functional requirements? X
. Undefined, incomplete or unclear design criteria? ’ X
. Complex design features (e.g., conirols, seismic, compatibility)? X
. Difficult to perform functional test?High pt vent;condition of otd line; to do flowing water test X
. Issues with the content, number or clarity of assumptions? X

. Precludes portability of infrastructure? X

2
3
4
5
6
D
1
2
3
4
5. Emergency transfers needed?Need plan on Tk1 Emerg xfer X
6
E
1
2
3
4
5
6
7

. RAMI issues? X
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria
. Rev. 11/8/00
idea # _B43 M (Tk 1 Tie-in) Function F.3

Risk Screening Criteria Potential for Risk?
No I Low l Yes

F. RESOURCES/CONDITIONS

1 Are adequate and timely resources, material, or equipment a concern?
2. Specialty resource requirements create concems?

3. Are existing utility locations a concern (above/below ground)?

4. Are geological conditions a concem?

S. Is weather a concem?

. Are crifical lifts a concem?

7. Is there insufficient experience with the O&M of the proposed system?
G. SCHEDULE

1. Project Schedule uncertainties or restraints thal may impact project completion or milestone dates?
2. Fast track critical needs issues?

H. PROCUREMENT

1. Long lead items that may affect critical path?

2. Potential unavailable qualified vendors or contractors?

3. Is the procurement strategy inadequate?

4_Is it a first-use subcontractor/vendor that presents issues?

5. Do vendor support issues exist?

. CTHER

1. Contract issues?

2. Direct hire/subcontract issues?

3. Systems slartup concerms?

PR M P P

x

b

AR R Ea S Bl

K| X
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ATTACHMENT 2

HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Number:___D5-1 Date:_1/12/01 Idea/Strategy Number:____B43M
Idea/Strategy Title: Tk 1 Tie-in :
A. Statement of Risk (What are we concerned about?}

o

. Risk Level {RL): O High O Moderate . Low

Risk Assessment ldentification Form
HLW Tank 18 Waste Removal and Transfer

Development and implementation of Emergency Transfer strategy during tie-in of Tk 18 transfer
line maybe
Difficult/expensive

Basis for the risk:

Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: (O VeryLikely () Likely @) Unlikely (C) Very Unlikely
Basis for Probability of Occurrence:_Needs to be sold to DOE

Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, eic.)

Consequence Factor: (O Crisis  (Ocritical () Significant (@) Marginal () Negligible
Basis for Consequence Factor (State consequences):_Drive up cost (selling a cost-effective solution)

Risk Handling Strategy (RHS):
Plan Tk 18-Tk7 Cut over as to minimize time Tk 18 is w/o transfer emergency
Cut Tk1 line first & test back to Tk 7; Have the spool piece fab’d ready or have qualified hose section
available; .
Cut Tk 18 to FDB-1 line and test back to Tk 18; Tie-in spool piece; in event of emergency retie
originial
Configuration, tie in spool or hose (depend on how far along tie-in mod is)

Estimated Cost: Estimated Schedule:
Impact of Strategy on Risk Level (RLy):

New Probability (Pp): Basis:
() veryLikety () Likely (uniikety () Very Unlikely

New Consequence (Cp): Basis
() crisis Ocriticat O significant () Marginal () Negligiblg

Residual Risk Level (RLy): O High O Moderate OLOW O Eliminated
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Number.__ E4-2 Date:_1/12/01 Idea/Strategy Number:___B43M
Idea/Strategy Title: Tk 1 Tie-in
A.

&

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Statement of Risk { What are we concerned about?)
Core Jacket pipe integrity may not be able to be proven adeq; has not been tested
recently '

Basis for the nisk:
Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely O Likely .Unlikcly OVery Unlikely
Basis for Probability of Occurrence: : '

Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, eic.)

Consequence Factor: OCrisis OCritical . Significant OMarginal O Negligible

Basis for Consequence Factor (State consequences)._Maybe come difficult to qualify lines and therefore
increase cost/schedule

Risk Level (RL): . O High . Moderate O Low

Risk Handling Strategy (RHS):
Do earlier in project schedule; Design tie-in to facilitate pressure or water test of jacket; Flowing
walter '
Test core early; Flowing water, pressure test or He test jacket early; Fix as needed

Estimated Cost: Estimated Schedule:
Impact of Strategy on Risk Level (RLyp):

New Probability (Py): Basis:
O Very Likely O Likely OUniikc]y .Vcry Unlikely

New Consequence (Cy): ' Basis
O Crisis OCrilical O Significant O Marginal O Negligible

Residual Risk Level (RLy): O High O Moderate OLOW O Eliminated
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ATTACHMENT | - HLW Tank 18 Waste Removal Team

Risk Screening Criteria

Idea # C-21 (Chemical) Function F.3

Rev. 11/8/00

Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk 10 the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes, a Risk Analysis is required.

Risk Screening Criteria

Potential for Risk?

No | Low l Yes

A. TECHNOLOGY

1

. New technology?

X

2

. Unknown or unciear technology?

X

3

. New application of existing technology?Chemical compatability w/ down stream process

4

. Modemized/advanced technology in existing application?

B. INTERFACES

. Multiple system interfaces (.g.. canyons, transfer routes) an issue?Need an area to neutralize (see A3)

. Multiple technical agencies an issue?

. Interfaces with operating SSCs during constructionfinstallation present issues?

. Interfaces with operating SSCs including testing present issues?

. Involves co-occupancy issues?

. H&V/Negative pressure loss issues?

. Multiple Project/Facility interfaces cause issues?DWPF glass issue (see A3)

bl Bl Bl R B Bl s

. SAFETY

. Criticality potential?

>

. Significant exposure/contamination potential?

. Any significant impact or challenge to the Facility’s Authorization Basis?

. Hazardous material issues?{Personnel)

>

. Process hazard potential?{Process)

. Will hazardous materials inventories exceed the OSHA or Radiation Management Plan total quantities?

. Environmental assessment/impact statement issues?

. Additional releases?

. Undefined disposal methods?

. Requires substantial equipment D&R?

. Emergency transfers needed?

. Political vulnerabilities (DOE, Congress, local government) create significant issues?

Mo M XXX

. DESIGN

. Undefined, incomptete or unclear functional requirements?

. Undefined, incomplete or unclear design criteria?

. Complex design features (e.g., controls, seismic, compatibility)?

. Difficult to perform functional test?

. Issues with the content, number or clarity of assumptions?

. Praciudes pontability of infrastructure?

1
2
3
4
5
6
7
C
1
2
3
4
5
6
D. REGULATORY/ENVIRONMENTAL
1
2
3
4
5
6
E
1
2
3
4
5
6.
7

. RAMI issues?

R A P
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening-Criteria
Rev. 11/8/00
Idea # _C-21 (Chemical) Function F.3

Risk Screening Criteria Potential for Risk?
No Low Yes

F. RESOURCES/CONDITIONS

1 Are adequate and timely resources, material, or equipment a concern?
2. Specialty resource requirements create concems?

3. Are existing utility locations a concem (above/below ground)?

4. Are geological conditions a concern?

5. Is weather a concem?

6. Are critical lifts a concem?

7. Is there insufficient experience with the O&M of the proposed system?
G. SCHEDULE R & D Process development

1. Project Schedule uncertainties or restraints that may impact project completion or milestone dates?(inA3) X
2. Fast track critical needs issues?

H. PROCUREMENT

1. Long lead items that may affect critical path?

2. Potential unavailable qualitied vendors or contractors?

3. Is the procurement strategy inadequate?

4. Is it a first-use subcontractor/vendor that presents issues?
5. Do vendor support issues exist?

. OTHER

1. Contract issues?

2. Direct hire/subcontract issues?

3. Systems startup concerns? X

Pl B A Bl R B R B

>

MIX|x]|X]|Xx

>

o
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ATTACHMENT 2

HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number: A3-2 Date:__1/12/01 Idea/Strategy Number:____C-21
Idea/Strategy Title: Chemical

A. Statement of Risk { What are we concerned about?)
Cost & Schedule to develop chemical cleaning process compatible w/downstream process is unknown

Basis for the risk:
B. Probability (P) (What is the probability that the “unhandled” risk will comé true?)

Probability of Occurrence: O Very Likely . Likely OUnlikcIy OVefy Unlikely
Basis for Probability of Occurrence:

C. Consequence (C) (What is/are the consequences if the “unhandled" risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, efc. )

Consequence Factor: OCTiSiS .Critical O Significant OMarginaI O Negligible

Basis for Consequence Factor (State consequences):__Doesn’t support WR in Tk 18 in Accordance
w/FFA. Significant. Cost Impact

Risk Lével (RL): . High O Moderate O Low

Risk Handling Strategy (RHS):
Commission dedicated team to develop process and facilities for neutralization; Conduct real waste
Testing on fast track (incremental cost of $500K) to fast track; Leverage TFA '
funding__

=

=

Estimated Cost: $500K Estimated Schedule:

F. Impact of Strategj on Risk Level (RLy):

New Probability (Pp): Basis:
O Very Likely O Likely .Unlikc]y O Very Unlikely

New Consequence (Cy): Basis
O Crisis .Crilicai OSigniﬁcant O Marginal ONegligible

Residual Risk Level (RLy): O High @ Moderate (QLow () Eliminated

Note: If Tk 18 schedule is removed from consequences residual risk would be lowered further
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:___ B1-1 Date:_1/12/01 Idea/Strategy Number:___ C-21
Idea/Strategy Title:__Chemical Cleaning

A. Statement of Risk (What are we concerned about?)
Need an area to neutralize (included in A3-2)

Basis for the risk:

B. Probability (P) (What is the probability that the “unhandled” risk will come true ?)

Probability of Occurrence: O Very Likely O Likely OUnlikcIy O Very Unlikely
Basis for Probability of Occurrence: ‘ _

C. Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, elc.)

Consequence Factor: O Crisis OC““C‘” O Significant O Marginal O Negligible
Basis for Consequence Factor (State consequences).

Risk Level (RL): ' O High O Moderate O Low
Risk Handling Strategy (RHS):

.U.

=

Estimated Cost: Estimated Schedule:

F. Impact of Strategy on Risk Level (RLy):

New Probability (Py): Basis:
O Very Likely O Likely OUnlikcly O Very Unlikely

New Consequence (Cp): Basis
O crisis Qcritical (significant () Marginal () Negligible

Residual Risk Level (RLy)| (O High () Moderate (QLow () Eliminated
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ATTACHMENT 2
HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:__ G1-1 Date:_1/12/01 Idea/Strategy Number: C-21
Idea/Strategy Title: Chemical '

A. Statement of Risk ( Whar are we concerned about?)
R & D and process development (included in A3-2)

Basis for the risk:

B. Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely O Likely OUnIikciy O Very Unlikely
Basis for Probability of Occurrence:

C. Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, etc.)

Consequence Factor: O cnsis  (Ocritical (O significant (O Marginal (O Negligible

Basis for Consequence Factor (State consequences):

D. Risk Level (RL): O High O Moderate O Low
Risk Handling Strategy (RHS): '

0

Estimated Cost: Estimated Schedule:

D. Impact of Strategy on Risk Level (RLy):

New Probability (Py): Basis:
O Very Likely O Likely OUnlikcly O Very Unlikely

New Consequence (Cy): Basis
O Crisis OCriticaI OSigniﬁcanI O Marginal ONegligiblc

Residual Risk Level (RL;): O High O Moderate OLow O Eliminated
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ATTACHMENT | - HLW Tank I8 Waste Removal Team

Risk Screening Criteria

Rev. 11/8/00

Idea # _C-56 (Sluicer) Function F.3
Screenings are performed to determine if the project or activity has the potential for risk. Judgement must be exercised
in determining whether the screening item results in a potential risk. Categories that pose No risk to the project are
identified as such. A Low risk is marked accordingly and should be justified under separate documentation. A Yes
response indicates the potential for risk. If any of the questions are answered as Yes. a Risk Analysis is required.
Risk Screening Criteria Potential for Risk?
No | Low I Yes
A. TECHNOLOGY
1. New technology? X
2. Unknown or unclear technology? X
3. New application of existing technology? X
4, Modemized/advanced technology in existing application? X
B. INTERFACES
1. Multiple system interfaces (e.g., canyons, transfer routes) an issue? X
2. Multiple technical agencies an issue? X
3. Interfaces with operating $SCs during construction/instaliation present issues? X
4. Intertaces with operating SSCs including testing present issues? X
5. Involves co-occupancy issues? X
6. H&V/Negative pressure loss issues? X
7. Multiple Project/Facility interfaces cause issues? X
C. SAFETY
1. Criticality potential? X
2. Significant exposure/contamination potential? X
3. Any significant impact or chailenge to the Facility's Authorization Basis? X
4, Hazardous material issues? X
5. Process hazard potential? X
6. Will hazardous materials inventories exceed the OSHA or Radiation Management Plan total quantities? X
D. REGULATORY/ENVIRONMENTAL ’
1. Environmental assessment/impact statement issues? X
2. Additional releases? X
3. Undefined disposal methods? X
4, Requires substantial equipment D&R? X
5. Emergency transters needed? ‘ X
6. Political vulnerabilities (DOE, Congress, local government) create significant issues? X
E. DESIGN
1. Undefined, incomplete or unclear functional requirements?
2. Undefined, incomplete or unctear design criteria? X
3. Complex design features (e.g., controls, sefsmic, compatibility)? X
4. Difficult to perform functional test? X
5. Issues with the content, number or clarity of assumptions? X
6. Precludes ponability of infrastructure? X )
7. RAMI issues? X
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ATTACHEMENT 1 - HLW Tank 18 Waste Removal Team

Risk Screening Criteria

Idea # _C-56 (Sluicer) Function F.3

Rev. 11/8/00

Risk Screening Criteria

Potential for Risk?

No i Low ] Yes

F. RESOURCES/CONDITIONS

1 Are adequate and timely resources, material, or equipment a concern?

2. Specialty resource requirements create concems?

3. Are existing utility locations a concern (above/below ground)?

4. Are geological conditions a concen’?

&. Is waather a concem?

6. Are critical lifts a concem?

7. Is there insufficient experience with the O&M of the proposed system?

AR S AR R B

G. SCHEDULE

1. Project Schedule uncertainties or restraints that may impact project completion or milestone dates?

b

2. Fast track critical needs issues?

x

H. PROCUREMENT

1. Long lead items that may atect critical path?

2 Potential unavailable qualified vendors or contractors?

3. Is the procurement strategy inadequate?

4. s it a first-use subcontractor/vendor that presents issues?

5. Do vendor suppert issues exist?

A A A S

I. OTHER

1. Contract issues?

x

2. Direct hire/subcontract issues?

>

3. Systems startup concerns?

Page 2 of 2
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ATTACHMENT 2

HLW TANK 18 WASTE REMOVAL AND TRANSFER RISK IDENTIFICATION FORM

Risk Assessment Identification Form
HLW Tank 18 Waste Removal and Transfer

Risk Number:_B7-1 Date:_1/12/01 Idea/Strategy Number: C-56
Idea/Strategy Title:___Sluicer

G. Statement of Risk (Whar are we concerned about?)
Amount of water required to remove residual sludge may exceed available receipt tank space

Basis for the risk:

H. Probability (P) (What is the probability that the “unhandled” risk will come true?)

Probability of Occurrence: O Very Likely O Likely .Unlikely O Very Unlikely
Basis for Probability of Occurrence: :

C. Consequence (C) (What is/are the consequences if the “unhandled” risk comes true? Examples are life-
threatening, property damage, schedule delays, noncompliance with regulations or site requirements, eic.)

Consequence Factor: |(O Crisis @ Crisicat (O Significant () Marginat () Negligible

Basis for Consequence Factor (State consequences)._May have to slow down sluicer to conserve receipt
Tank space thus jeop. FFA and impacting other key scope activities.

D. Risk Level (RL): O High @ Moderate () Low

I. Risk Handling Strategy (RHS): :
Develop enhanced sluicer nozzles ($100K); high press, low volume, focused spray pattern; Test, mock
Up demo ($100K) ]
Estimated Cost: __$200K Estimated Schc(;.lule:

J. Impact of Strategy on Risk Level (RL,):

New Probability (Pp): Basis:

O Very Likely O Likely OUnIikely . Very Unlikely
New Consequence (Cy): Basis
O Crisis .Critical OSigniﬁcanl O Marginal ONegligiblc

Residual Risk Level (RLy): O High O Moderate .Low O Eliminated
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STRATEGY SENSITIVITY ANALYSIS
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COST

0.320

INIT.
COST/DEPLOY

EFFECTIVENESS

0.280

COMPLEXITY

0.250

AB IMPACT

0.150

0.120

LIFE CYCLE
COST

0 200
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TANK 18: STRATEGY SCORING

TOTAL

STRATEGY | INITIAL COST LIFE EFFECTIVENESS . SCORE
TO DEPLOY CYCLE COST COMPLEXITY. | ABIMPACT WEIGHTED
(0.12) (0.20) (0.28) {0.25) (0.15) ‘
82 67.75 3 94 84.2 87.55 69.2
53 495 15 95.5 80.6 71.45 66.5
S4 76.5 6.75 915 80.2 86.5 69.2
S8 67.75 5 94 8375 75.15 67.7
S7 i 50.5 17 95.5 80.15 59.05 65.1
T . 775 875 91.5 79.75 74.1 67.7
510 7275 15 94.2 85.6 87.55 72.6
S11 - 55.5 27 95.7 80.4 71.45 69.7
S12 825 18.75 91.7 80 86.5 72.3
514 7375 ¢ 17 94.2 85.15 75.15 71.2
515 56.5 29 95.7 79.95 £0.05 68.2
516 83.5 20.75 91.7 79.55 74.1 70.8
S18 - 65.25 9 94.6 84.05 86.05 70.0
S19 48 21 96.1 B0.45 69.95 67.5
520 - - 75 12.75 92.1 80.05 B85 70.1
S22 66.25 11 94.6 83.6 73.65 68.6
S23 49 23 96.1 80 57.55 66.0
524 76 14.75 92.1 79.6 72.6 68.6
S26 58.5 3 90 83.4 88.05 66.9
S27 41.25 15 1.5 79.8 71.95 64.3
s28 . 68.25 6.75 87.5 79.4 87 66.9
S30 595 5 90 82.95 75.65 65.4
S31. 42.45 17 91.5 79.35 59.55 62.9
§32° 69.25 B.75 875 78.95 746 65.5
S$34 64.5 15 90.2 84.8 88.05 70.4
835 47.25 27 91.7 79.6 . 7195 67.4
S36 . - 7425 18.75 87.7 79.2 87 70.1
538 - . 65.5 17 90.2 84.35 75.65 69.0
S29 48.25 29 917 _ 79.15 59.55 66.0
S40 - - 75.25 20.75 87.7 78.75 74.6 68.6
S42 57 ) 90.6 83.25 86.55 67.8
843 ¢ 39.75 21 92.1 79.65 70.45 65.2
S44 . - 66.75 12,75 88.1 79.25 855 67.9
546 58 1 °0.6 82.8 74.15 66.4
s47. . . 40.75 23, 921 792 58.05 63.8
S48 67.75 14.75 88.1 78.8 73.1 66.4
S50 72 60 92.4 80.2 87.55 79.7
S51 - 53.25 72 93.9 76.6 71.45 76.9
52 81 63.75 89.9 76.2 86.5 79.7
553 39.75 80 92.4 77.8 86.5 75.1
S55 73 62 92.4 79.75 75.15 78.2
S56. - 54.25 74 93.9 76.15 59.05 75.5
S57° 82 65.75 89.9 75.75 74.1 78.2
S68 1 40.75 62 92.4 77.35 74.1 _ 73.6
S60 - - 78 72 926 81.6 87.55 83.2
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TANK 18: STRATEGY SCORING (Contd)

, sJ “TOTAL
STRATEGY | INMIAL COST LIFE EFFECTIVENE - . SCORE
) . TO DEPLOY | CYCLE COST COMPLEXITY AB IMPACT |.. WEIGHTED
i {012) . {0.20) (0.28) . (0.25) (0.15) L

S61 59.25 84 94.1 76.4 71.45 80.1
562 - 87 75.75 90.1 76 86.5 82.8
S63 45.75 72 92.6 77.6 86.5 78.2
565 79 74 92 6 81.15 75.15 81.8
S66 60.25 86 94.1 75.95 59.05 78.6
S67 88 77.75 90.1 75.55 74.1 81.3
S88 46.75 74 92.6 77.15 74.1 76.7
S70 70.5 66 93 80.05 86.05 80.6
S71. 51.75 78 945 76.45 69.95 77.9
S72 - 79.5 69.75 90.5 76.05 B5 80.6
S73 38.25 66 93 77.65 "~ 85 76.0
S75 71.5 68 93 79.6 73.65 79.2
76~ 52.75 80 94.5 76 57.55 76.4
S77 80.5 71.75 90.5 756 72.6 79.1
S78 39.25 68 93 77.2 72.6 74.5
S80 45 0 93.6 77.4 87.85 64.1
S81 28.5 12 95.1 73.8 71.75 61.7
582 55.5 3.75 91.1 73.4 86.8 64.3
S83 13.5 0 93.6 75 86.8 59.6
SB5 46 2 93.6 76.95 75.45 62.7
586 29.5 14 95.1 73.35 59.35 60.2
S87 56.5 5.75 91.1 72.95 74.4 62.8
* 1588 145 2 93.6 74.55 74.4 58.1
S90 51 12 93.8 78.8 87.85 67.7
S91 . 34.5 24 95.3 73.6 71.75 64.8
S92 61.5 15.75 91.3 73.2 86.8 67.4
S93 - 19.5 12 938 74.8 86.8 62.7
S95 . 52 14 93.8 78.35 75.45 66.2
896%,. . - 355 26 95.3 73.15 59.35 63.3
8§97 - . 62.5 17.75 91.3 7275 74.4 66.0
§98 .- . 20.5 14 93.8 74.35 74.4 61.3
S100 ' - 43.5 6 94 .2 77.25 86.35 65.1
S101 27 18 957 73.65 70.25 62.6
5102+ 54 9.75 N7 73.25 85.3 65.2
S$103 - 12 6 94.2 74.85 B5.3 60.5
S105- 445 8 94.2 76.8 73.95 63.6
S106 - 28 20 95.7 73.2 57.85 61.1
S107 55 11.75 91.7 72.8 729 63.8
$108 - - 13 8 94.2 74.4 72.9 59.1
8109 - < - 96 30 88.5 87 90.85 77.7
5110 - 97 32 88.5 86.55 78.45 76.2
S{11v-.- 84.75 30 84.5 83.8 91.1 74.4
S112 - ¢ 85.75 32 84.5 83.35 78.7 73.0
S113--- - 60.75 30 89.7 83.4 90.1 72.8
5114 61.75 32 89.7 82.95 77.7 71.3
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TANK 18: STRATEGY RANKING SCORE (Contd)

INITIAL COST LIFE TOTAL SCORE
STRATEGY | TODEPLOY |CYCLE COST| EFFECTIVENESS COMPLEXITY AB IMPACT WEIGHTED
(0.12) {0.20) (0.28) (0.25) {(0.15)
560 78 72 92.6 81.6 87.55 83.2
862 ‘ 87 75.75 90.1 75 B6.5 828
S65 78 74 92.6 81.15 75.15 81.8
S67 : 88 77.75 90.1 75.55 74.1 813
570 70.5 66 93 80.05 86.05 80.6
872 79.5 69.75 90.5 76.05 85 BO.6
561 59,25 84 94.1 76.4 71.45 80.1
850 72 60 92.4 80.2 87.55 79.7
552 81 63.75 59.9 76.2 86.5 79.7
575 715 68 93 79.6 73,65 79.2
S77 80.5 71.75 90.5 75.6 72.6 79.1
S66 60.25 86 94.1 75.95 59.05 78.6
855 73 62 92.4 79.75 - 75,15 78.2
S57 82 65.75 89.9 75.75 74.1 78.2
563 45.75 72 92.6 77.6 B6.5 78.2
s71 51.75 78 94.5 76.45 £69.95 77.9
$109 96 30 88.5 87 90,85 77.7
551 53.25 ' 72 93.9 76.6 71.45 76.9
568 46.75 74 926 77.15 74.1 76.7
S76 52.75 . 80 94.5 76 57.55 76.4
8119 97 32 88.5 86.55 78.45 76.2
573 38.25 66 93 77.65 85 76.0
S56 54.25 74 _93.9 76.15 59.05 75.5
553 39.75 60 92.4 77.8 86.5 75.1
578 39.25 68 83 77.2 72.6 74.5
S111 84 75 30 84.5 83.8 91,1 74.4
558 : 40.75 62 92.4 77.35 74.1 73.6
5112 85.75 32 B4.5 83.35 787 73.0
5113 60.75 30 89.7 83.4 90,1 72.8
S10 72.75 15 94.2 85.6 87.55 72.6
812 B2.5 18.75 91.7 80 86.5 72.3
S114 61.75 32 89.7 82.95 77.7 713
S14 73.75 17 94.2 8515 75.15 71.2
S16 83.5 20.75 91,7 79.55 741 70.8
534 64.5 15 90,2 84.8 88.05 70.4
S20 75 12.75 92.1 80.05 85 70.1
535 74.25 18.75 B7.7 79.2 87 70.1
S18 65.25 9 94 6 84.05 86.05 70.0
S1 555 27 957 80.4 71.45 69.7
s2 67.75 3 94 84.2 87.55 69.2
S4 76.5 6.75 91.5 80.2 86.5 £9.2
S38 §5.5 17 90.2 84.35 75.65 £9.0
522 66.25 11 94.6 83.6 73.65 68.6
S24 76 14.75 92.1 79.6 72.6 68.6
$40 75.25 20.75 87.7 78.75 74.6 6B.6
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TANK 18: STRATEGY RANKING SCORE (Contd)
LT INTIAL COST LFE .o : - |- - . ]TOTAL SCORE
‘STRATEGY TO DEPLOY | CYCLE COST EFFECTIVENESS COMPLEXITY AB IMPACT | WEIGHTED
o {0.12) {0.20) (028) {0.25) (0.15)
S15 56.5 29 957 79.95 59.05 68.2
S44 56.75 12.75 88.1 79.25 85.5 67.9
542 57 g 90.6 83.25 B6.55 . 67.8
S6 - - 67.75 5 94 83.75 75.15 67.7
S8 .- 77.5 8.75 915 79.75 74.1 67.7
890 -~ - - 51 12 93.8 78.8 87.85 67.7
S19 - - 48 21 96.1 80.45 §9.95 67.5
S35 - 47.25 27 91.7 79.6 71.95 67.4
S92 G- 61.5 15.75 91.3 732 86.8 67.4
526 - - 58.5 3 ) 83.4 88.05 66.9
528 £8.25 6.75 B7.5 79.4 87 66.9
s3 49.5 15 g95.5 80.6 71.45 66.5
S46 58 11 90.6 828 7415 66.4
848 67.75 14.75 88.1 78.8 73.1 66.4
595 - 52 14 93.8 78.35 75.45 66.2
23 49 23 96.1 80 57.55 £6.0
S39 48.25 29 91.7 79.15 59.55 66.0
597 625 17.75 91.3 72.75 74.4 66.0
S32 £9.25 B.75 87.5 78.95 74.6 65.5
$30 58.5 5 g0 8295 75.65 65.4
S$43 39.75 21 921 79.65 70.45 §5.2
5102 54 9.75 91.7 7325 85.3 65.2
S7 50.5 17 95.5 80.15 59.05 65,1
$100 43.5 6 94.2 77.25 86.35 65.1
al 34.5 24 95.3 73.6 71.75 64.8
‘\s27 41.25 15 915 79.8 71.95 64.3
[ssz 555 375 91.1 73.4 86.8 4.3
£$80 45 0 93.6 77.4 87.85 64.1
847 40.75 23 92.1 79.2 58.05 63.8
$107 55 11.75 _91.7 72.8 72.8 63.8
S105 44.5 8 94.2 76.8 73.95 63.6
s06 - - 355 26 953 73.15 59.35 63.3
S31 . 42.45 17 91.5 79.35 59.55 62.9
S87 - 56.5 5.75 91.1 72.95 74.4 62.8
S85 46 2 93.6 76.95 75.45 62.7
I 19.5 12 93.8 74.8 86.8 62.7
5101 - 27 18 957 73.85 70.25 62.6
881 - 285 12 95.1 73.8 71.75 61.7
598 - 20.5 14 93.8 74,35 74.4 61.3
§106 28 20 95.7 73.2 57.85 61.1
5103 - 12 [ 94.2 74.85 85.3 60.5
sS85 - 29.5 14 95.1 73.35 59.35 60.2
S83 13.5 0 93.6 75 86.8 59.6
S108 - 13 8 94.2 74.4 72.9 59 1
ls88- 14.5 2 936 74.55 74.4 58.1
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Alterhative
560
562
565
567
S70
572
561
550
552
575
s
Seo
$55
557
S63
R
s
§51
568
576
Si10
573
556
$53
578
sin
558
Shi2
si1
S10
511
S114
514
516
534
520
S36
$18
s
52
54
538
sS4
540
521
S15
S
542
S8
590

519
S35
§92
518
St
s3
548
546
595
523
539
597
512
530
543
5102
57
S$100
591
527
582
580
547
S107
5108
59
s31
587
593
585
S0k
S81
S98
5106
S0}
586
- 583
5108
588
Member

INIT. COST/DEPLOY
CYCLECOST
CTIVENESS
SOMPLENTTY

Uitiry
0837
0.828
0318
0.313
0.806
0 806
©.801
0197
0,797
0.792
0751
0786
Q.78
0.782
082
0.779
0777
0769
0767
G4
0.762
0.760
0755
0751
0745
0.744
0.736
0.730
0.728
0.726
0723
0.713
0.712
0.208
0
0.701
0.701
0700
0.697
0.6921
0.6%2
0.690
0.686
0.686
0.686
0682
06mM9
Q.678
0.677
0677
0.677
0.675
0674
0674
0.669
0.669
0.655
0.664
0.664
0.662
0.660
0.660
0.660
0.655
0654
0.652
0.652
0.651
0.651

|||||5

WSRC-RP-2001-00024

Revision O

Page 224 of 235

'i,

Tl

COST SENSITIVITY DECREASED BY 10%
Alermnative Utitin
560 0845
562 0332
565 032
S0 0.225
550 0x19
51 0816
567 0EI3
552 0811
5109 0.810
561 0809
575 0800
563 0.806
S558 0.50¢
577 0.7%7
51 0793
557 0792
5110 9.791
573 0.7%
Seb 07%)
551 0.787
568 0.736
§53 0781
s 0.780
S10 o
8§76 074
5613 07
5§18 o
556 0.768
s 0.767
S58 0.765
St 076!
Si4 0.760
518 0.759
5 0.758
S114 0755
s2 0754
520 0351
516 0748
536 0.746
sS4 0.745
511 07
522 074
538 0.739
§42 0733
590 0.737
S6 074
8§26 0712
524 07332
544 0730
518 0.72%
540 9.726
58 0.726
592 0.72%
S15 0725
528 0724
535 0723
53, 012
Sa6 0.71%
595 0718
S10¢ 0717
S30 0713
S48 0.711
SB0 D.711
S102 0709
823 0.709
543 o
597 0.706¢
§32 0.705
539 0704
§a2 0.703
57 0793
591 0.702
517 0.701
5105 698
593 0.695
385 0.652
5107 0.6%
547 0.688
S0k 0.686
587 0.684
596 0683
531 0632
S103 0682
S8 0.681
898 0.679
$83 0.676
S106 ' 0.667
S108 0.603
586 0601
SEE 0657
Member Weight
INIT. COST/DEPLOY 81
LIFECYCLECOST 138
EFFECTIVENESS 32
COMPLEXTTY 87
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COST SENSITWITY INCREASED BY 10%

AlcrRatize
562
560
567
565
5
S0l
5§10
s
Sbo
532
575
550
557
353
N
563
516
551
568
5109
550
SEHIG
573
878
5§33
St
538
5112
s
512
310
S114
Sli6
Sl
53
s

51
540
518
M
538
S13
54

522
52

58

544
535
Bl
s19

513

526
512
57
543
530
s102
591
547
527
5107
5100
59
582
33
sSI1gs

SBO |
5101
585
593
$106
81
593
3]
5103
5108
583
538

Mcmber

INIT COST/DEPLOY
LIFE CYCLE COST
EFFECTIVENESS
COMPLEXITY

AR IMPACT

Lhiliny
0824
0819
o811
[ R 1)
o795
aTed
0787
0785
0783
0783
oM
o178
0173
07635
0764
0758
0754
0752
B748
0743
0742
0733
a7
D70
0717
Q70%
o707
o699
Deil
0679
Q673
0672
0669
0863
0b56
assl|
0650
0650
0646
064>
o6l
(2]
0640
0638
0632
04631
0628
0627
0e6le
0623
Gell
o019
08l
o617
oelb
D&l
061
0613
a6l
0609
0608
0606
G605
D.60%
059
0.59%
Q595
03535
D394
(3.1
0 58S
0585
0.584
0.584
0582
0575
0.574
0572
asn
0568
0361
Q357
0555
0353
0.547
L2 k3
0528
0558
Q518
0500

Wesght

%3
8l
no
n:
128
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SENSITIVITY OF OVERALL RANKING

Allcrnative
560
562
565
567
510
572
561
550
552
575
577
So6b
555
557
56}
M
S0
551
568
576
s110
573
556
553
§12
s
S48
5112
5113
s10
s12
5114
514
Sie
534
S0
538
518
st
52
54
538
§24
S40
522
518
S44
842
5B
590
St
Si9
S8
5921
S8
526
53
548
546
595
§23
9
591
532
530
543
S102
§7
S100
591
Ly
382
SBO
S47
S1o7
S10%
596
in
587
593
SBS
5101
S8
598
$106
S0}
b1.0]
S8y -
Sio8
583
Member

INIT. COST/D
LIFECYCL
EFFRECTIVENESS
JOMPLEXITY
AHIMPACT

Liiliny
0.832
082
0BIE
0813
G800
G806
0.8G1
0797
07197
0792
079
0786
0782
0782
0782
0
a4
0.76%
0.767
0764
07862
0.T60
0.758
0.751
0.745
0.7H
0736
0.730
0.728
0.726
a7
9713
0712
0.708
0704
0701
701
0700
0697
0.692
.69
0.6%
0.686
0.686
0680
0.682
0.679
0678
0677
0677
0.677
0674
0674
G674
0.660
0.669
0.665
0.664
0.664
0.662
G660

I
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INIT. COST TO DEPLOY SENSITIVITY DECREASED BY 10%
Ahernative Uliry
560 0.838
sl 0821
562 0823
565 oe
563 0819
570 0818
571 0.808
512 0.607
s66 0.307
s67 ©.306
S50 0.806
573 0.803
568 0.801
575 0.800
s31 0.7%
582 0795
s76 0.791
553 0791
7 0790
585 0788
s78 0,786
556 0119
537 0178
558 0773
s109 0.156
51 0.741
S110 0739
si 0733
s10 07
si4 0714
st 0715
s 013
s12 0711
534 071l
5la 0.709
s18 0.706
535 0.697
s19 0697
s36 069
590 0.696
18 0.6%
520 0695
516 0.693
32 0.693
$3E 0.693
532 0.690
sz 0.689
53 0685
54 0.683
593 0682
543 0651
592 0.681
539 0680
St 0.680
$23 0630
sa0 0670
526 0678
595 0678
514 0.678
s6 0676
593 0676
s100 0.675
sS40 0.673
517 0.6¢9
528 0.663
87 0.668
s101 0.666
58 0.666
596 0,665
102 0.665
sa7 0663
597 0.664
s30 0.663
548 0.663
530 0.661
5103 0660
598 069
s104 0.658
3 0.684
542 0.6%3
531 0.652
s 0651
$106 0.649
331 0.648
si? 0.648
585 0.645
sios 0.64)
ste 0.637
87 0.63
H11] N T
Metnber Weight
[~e =]

INIT. COSTEPLOY 20 5

LIFECYCLECOST
EFFECTIVENESS
COMPLEXITY

AL ANALLYTT
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SENSITIVITY OF OVERALL RANKING

Alternative
S60
562
565
S67
S0
5§72
561
S50
552
8§75
s
S66
S5%
557
563
571
5109
551
S68
576
S0
573
S56
553
s718
S1H
558
s
sl

523
540
§22
S§5
S44
541
58
590
56
St
535
592
523
826
s3
548
546
595
513
539
597
532
530
S43
5102
57
5100
591
s
§82
580
547
5107
5105
596
b1
557
593
sS85
S101
§31
59%
S106
5103
S86
S8} T
5108

588
Membet

INIT. COSTDEPLOY
LIFECYCLECOST
EFFEC TIVENESS
COMPLEXITY

Al IMIPACT

Utitity
0832
0828
0818
ORI}
0.BOG
O R0
0801
2797
0.797
0.791
0.791
0.786
0.782
0.782
0.782
0779
o
o769
6.767
0.764
0.762
0760
0.755
0751
0745
0744
0736
4730
0.728
0.726
0.723
0.713
0.712
0.708
0704
0.7¢1
0.701
0700
0657
0.692
0.692
0.690
Q686
0686
0.686
0.632
0.67%
0678
12 v
G677
(X}
0675
0.674
0.674
0.64%
3.669
0.665
0.664
0.664
0.662
0.660
0.660
Q.660
0.655
D.654
0.652
0.651
Q.651
0651
0.648
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INIT. COST TO DEPLOY SENSITIVITY INCREASED BY 10%
Altemative Utilary
562 - D.833
560 0.826
567 081
So3 0.31%
5712 305
S5 0.798
SR 0798
s 0795
877 0.793
550 O TER
551 0786
5110 0.786
578 0.783
561 0777
555 0776
566 0.765
s 0756
57 0.749
563 0.74%
Sz 071
$51 0.743
576 0.737
SL2 0.738
568 0.733
$56 0.731
510 0727
516 0713
513 o7
SI4 0718
S 0734
553 ony
520 0.707
536 0.70%
578 0.70%
5114 0702
s 0.700
558 0.699
s34 0.697
5ig 0.695
5§22 0.695
540 0.691
52 0.691
58 0.688
538 0686
s 0683
54 0.68!
544 0.677
%6 0677
528 0.671
S15 0,669
892 0.667
§a2 0.666
$48 0.666
52 0.65%
53 0.659
590 0.658
597 0.656
546 0.6
519 0.653
838 .65t
530 0648
53 0.646
595 0.646
8§23 0.641
539 0.650
Si102 0.6039
57 0634
582 0633
5107 0.628
S100 0.626
543 0623
87 0.611
580 0.620
57 0617
S10% 0614
591 0.613
§47 06l
585 0608
51 0.606
596 0.602
5101 0.383
381 0.519
593 0.578
5106 0.574
536 0.567
593 0.568
S103 0.550
S83 054
5108 0.538
SEE. - 0332
Member Weight
INIT. COST/DEPLOY 1240
LIFECYCLECOST 7.2
EFFECTIVENESS 1%
COUMPLEXITY a2
AB IMPACY [ RR)

W
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SENSITIVITY OF OVERALL RANKING LIFE CYCLE COST SENSITIVITY DECREASED BY 10%
Altemative Utikty .
560 BEL Alrernalive Utilzey
562 0.828 Su,’ 083
Sos 0518 562 G837
So7 0313 sim Ga
$70 0.806 s ean
s1 0.806 e o
561 0.801 s:n oa
%0 0.797 51 o
p s osie
578 0.792 552 O'Eli
577 0791 : 578 : ::)0
566 0.786 y
558 0782 558 0303
557 o782 i o300
562 0782 Sio 0798
$71 01 587 0.798
S109 0777 el 0.7%
sat 0.769 i 019
568 0767 563 0790
576 0764 s113 078
site 0.762 e 0781
. 51 0.760 Sis 0750
556 0.75% ST 0779
S5 0.751 566 01
578 0735 sig 0177
s 0744 551 0176
558 0.736 50 0.77%
si2 0.730 s34 T
HIN 0718 s o
S10 072 1 07111
512 0B Sie 011
sS4 0.713 568 om
Si4 one 54 0170
516 0.708 513 0.770
534 0.704 36 0768
520 0.701 5114 0762
Sie 0.0 $16 0760
513 0.700 sz 0738
11 ] 0697 556 0 1‘57
52 . 0.692 s6 6.755
S4 0.692 538 0753
538 0.6% 5k 0.754
514 0686 5§78 0754
S0 0.686 S42 078
22 0.686 53 075
s18 0.682 553 0758
. S4d 0.679 s 03%0
s 0.676 5% 0149
S8 0.677 S41 0748
550 0.677 590 0.736
56 0.677 540 0.716
519 0.675 S 5. 0.74%
538 0674 | 592 0.739
592 0.674 ©os19 0733
518 0.669 Sap 0.733
S 0.669 515 0.731
51 0.665 53 0730
548 0.664 530 0.730
546 0664 S48 7
595 0662 595 31;
523 0.650 su aT1s
$39 0.660 538 0725
597 0.660 $100 0.724
532 0.65% 580 0722
530 0.654 S102 0721
543 0.652 591 0720
5102 0,652 582 0719
57 0.651 513 0713
$100 0.651 s7 o
591 0648 543 0708
527 0643 s39 0.706
582 0633 5105 0.706
SBO 0.641 . 5 0.70%
s47 0.638 S88 0103
S107 0.638 s107 0.703
SI0% 0.636 $87 0.700
596 0.613 59) 0.69
sH 0.629 593 0.491
S§7 0.628 547 0.639
593 0627 531 0.686
585 0.627 S 0,682
S101 0.626 596 0.680
SB1 0617 SE1 0679
5§98 o613 5103 0.673
5106 0.611 98 0.672
S103 0.60% 583 0.670
S84 0.602 5106 0.663
543 0.59 SRS 0640
$108 0.591 S108 0655
S88 0.581 ' 583 0.652
Member Weight Member Weght
INIT. COSTIDEPLOY 120 -_— IKIT. COST/DEPLOY s [
01730/01 LIFECYCLECOST 200 — LIFE CYCLE COS1 oo ]
EFFECTIVENESS o I EFFECTIVENESS s I
TOMPLEXITY 0 ] COMPLENTTY 2b.1 I
AR i [ AR IMPACT 169 [



HLW Tank 18 Waste Removal Systems Engineering Evaluation WSRC-RP-2001-00024

Final Report Revision 0
Page 229 of 235
SENSITIVITY OF OVERALL RANKING INIT. COST TO DEPLOY SENSITIVITY INCREASED BY 10%
Alternative Ul Aliemative Uuliry
S50 083 562 0.833
562 o S60 0.826
64 0814 567 0.821
61 P 563 0815
570 0806 572 0.80%
§1 506 si 0.798
561 801 s10% 0.79%
530 079t 570 0.795
s 0197 L33 0793
575 079 530 0.788
577 0.191 587 0.786
S66 0786 siio : 0.786
535 D782 578 0783
587 0782 561 -0777
563 078 S5 0176
STt 0779 S66 a.765
stos 0171 s 0.7%6
$s1 0768 s 0749
S68 0.787 563 0.745
s76 0768 sz 074
s110 0762 sH 0743
73 07860 576 0737
556 0.754 SE2 0.735
53 6751 568 0.133
578 074% 536 0731
s 074 s10 0713
Ss8 0136 Sts 8323
sIz 0730 573 o717
SLE 078 S14 0713
510 07126 5113 C.714
512 0723 583 o7l
Sii4 0713 50 0.707
Sid 0712 536 07058
S16 0.708 578 0.703
534 07 Si14 0.702
520 0.701 ' 54 0700
536 0.701 558 0.6%
S18 0700 53 0.6%7
sil 0.697 518 0.695
52 Q692 §la 0.69%
54 0692 540 0.694
538 0690 52 0.691
524 0.6%6 53 0.688
830 0636 533 0.636
522 0536 22 0.683
LR 0682 sn 0681
. 531 0679 544 0.677
’ §42 0.678 . 56 0677
58 06a17 528 0.671
590 0677 518 0.669
56 0.677 5§92 0.667
519 0.67% 541 0.666
535 0674 ' S48 0.666
592 0.674 526 0.659
528 0.669 532 0.659
520 0.669 590 0.658
53 0.663 597 0.656
§48 0.664 S48 N 0.654
546 0.664 519 0.653
595 0.682 538 0.651
§23 0.060 S30 0.648
539 0.660 53 0.646
597 0.660 595 0646
532 0.635 §23 0.641
530 0654 519 0.640
§43 0652 5102 0.639
5102 0.652 57 0.634
57 0.651 582 0.633
500 [T $100 0.628
s 0.648 5100 0.626
$27 [ T¥3] 543 062}
582 0643 587 0621
580 0.641 580 0.620
547 0.638 527 0.617
S107 0.638 sios " 0.615
$105 063 591 0.613
595 0.633 547 0612
s30 0.629 585 0.608
587 0.628 [3]] 0,606
593 0627 596 6602
588 0.627 $101 0385
s101 0.6 s81 05719
581 0617 593 0.578
598 0613 5106 0.574
S106 o6l SB6 0.567
5103 0.60% 598 0.566
586 0.602 ] 0.550
- L1.5) 0.5% 583 D544 .
1/30/01 5108 0.591 sto3 0.538
513 LA §38. . s
Wember Weight Member Weight
" E XS - o an T
INIT. COST/DEPLOY 120 [ INIT. COSTIDEPLGY 10 ]
LIFE CYCLE COST 00 [ ] 127 T
EFFECTIVENESS M0 R 13k ]
TOMPLEXITY no . COMPLEXITY 223 ]
AB IMPACT 156 | ] ABIMPACT 171 |
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SENSITIVITY OF OVERALL RANKING

Altemative
560
562
SE65
561
570
512
56t
550
552
575
577
S60
558
$57
563
571
S10%
551
S68
$i6
5110
573
856
553
578
s
558
§112
5113
S1¢
5§12
ST14
54
Sle
SH
520
336
518
s
3
54
538
5§24
540
§22
515
544
s92
58
590

sS1%
8358
582
518
S
85
548
546
595
§23
53¢
897
532
530
543
5102
57
5100
591
§17
SE2
580
S47
5107
slos
59¢
LE]
581
593
SES
S100
581
598
5106
s103
586
583
Stof
588

Member
'

INIT. COST/DRPLOY
LIFE CYCLECOST
EITECTIVENESS
COMPLEXITY

AR IMPACT

Utility
0.832
0.82%
0818
0.813
0.806
0806
0.801
0.7187
0.7%%
0.792
0.7%¢
0786
0.782
6.782
0782
Q779
0.7
0769
0167
0.764
0762
0.760
0.755
0.751
0.74%
074
0.736
0.730
0.728
0.726
0.713
073
0712
0.708
0.703
0.701

0701
0.700
0.697
0.692
9692
9.690
0.686
0.684
0.686
0.682
0.679
0678
0.677
0.677
0.677
0.625
0.674
0.674
0.669
0,664
0.665
0.6064
0.664
0.662
0.660
0.660
0.660
0.655
0684
0.652
0.652
0.651

0.65]

D648
D.643
0643
0.641

0.638
0.633
0.636
0.633
0.629
0.628
0.627
0.627
0.626
0.617
0.613
0.611

0.605
0.602
0.5%
0591

0.581

Weight

120
200
250
250
150

vl 4 4 MES e Aty

l|||||

Ahernative
560
s6r
565
67
572
570
552
Suol
S50
577
EFA]
557
566
538
563
S10e
571
551
$68
sS110
5%
§73
S
556
§53

Sit
$38
540
S

524
544
511
541

S5
592
S8
338
500
56
528
s19
548
$46
53
97
532
539
595
510
523
5102
543
S100
§7
s52
Sl
s
580
5107
547
5105
587
3
596
593
585
S5101
s8I
598
5106
5103
$86
583
$108
588,

Member

INIT, COSTEPLOY
LIFECYCLE COSY
EFFECTIVENESS
COMPLENITY

AR IMPACT

WSRC-RP-2001-00024

Revision 0
Page 230 of 235
EFFECTIVENESS SENSITIVITY DECREASED BY 10%

Luliny
0.819
Q818
0.803
0.801
0.792
0.749
0.782
0.781
©.779
0776
07172
0.766
0.765
0.743
0.762
0.761
0.756
0.746
0.145
0.745
0.73%
06.736
0.730
0.729
0127
0720
07114
0710
0.704
0.696
0.6%6
0.688
0.680
0.680
0.677
0.676
G670
0 666
D.661
D661
0.660
0660
0.658
J.654
0651
.650
0.646
0.644
0.644
0.641)
0.641
0.64]
0.640
0.640
0.637
0635
0634
0.630
0625
0614
0624
D624
0.624
0.620
0.618
0als
0615
0.6L0
0609
0.606
0.605
0.605
0.600
0599
059
G594
0589
0.589
0.589
0.584
0.584
0.580
0570
0.568
0563
0.558
0.554
0.549
0.542°
_0.532

Weight

137
228
180
2.5
131

I
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SENSITIVITY OF OVERALL RANKING

Alternative
S60
562
S65
567
§10
52
561
580
852
575
817
566
$55
557
563
L3
S109
s51
So8
576
S0
513
556
553
578
St
558
sz
5113
SLe
Sk
Sik4
514
510
5344
50
536
Si8
5N
52
54
533
524
5S40
§12
515
544
542
58
590
56
519
$35
592
§28
56
53
548
S46
595
s23
539
597
§12
530
543
5102
$7
5100
89l
§27
582
580
547
S107
5105
596
s
587
593
585
S0
s81
598
$106
5103
586
583
s108

Wfermber

INIT. COST/DEPLOY
LIFE CYCLECOST
EFFECTIVENESS
TOMPLENITY

AR IMPALT

Uulin
0.832
0828
0818
0.813
0.806
0800
0.801
0797
079
0792
G791
0.78¢
0782
0.782
0.782
0779
Q77
0769
0.767
0.764
0.762
0.760
0.75%
0.751
0.745
074
0.736
0730
0728
0.726
0.723
0713
0712
0.708
0704
G701
€.701
0.700
0.697
0692
0.691
.60
0.680
0.636
0.636
682
0.679
0.618
0,677
0677
Q677
0.675
0674
0.674
0609
0.660
G.665
0.664
0.664
0.662
0.660
0.660
0.660
0.655
0654
G652
0.652
0.651
0.651
0.648
0.643
0.643
G641
0.638
0638
0.638
0.63}
0629
0.628
0.627
0627
0626
G617
0.613
0611
0.605
0.602
0.5%6
0.591

REt

120
b ki)
pt 11
250
Isu

Iy

Alternative
Sol
562
565
$67
§70
Sul
St
550
575
552
S66
577
85§
563
1
§57
551
519
S68
576
573
556
S0
553
578
§58
Sin
510
5113
S12
Si2
sS4
S
Sie
518
Sil
50
X2
52
536
54
s
S5
§24
S38
Sig
56
590
540
S8
S42
538
592
$44
53
§23
516
595
£28
S46
539
597
S48
57
$100
591
543
510}
530
$32
580
527
$82
Si0S
$%6
547
s107
S101
593
535
S3t
587
581
5106
598
5103
S8e
533
S108
1313

Member

INIT. COST/DEPLOY
LIFE CYCLE COST
EFFECTIVENESS
COMPLEXITY

AN IMPACT

Uuhty
0.845
0.838
0.833
082
LR ]
DR
0.820
0315
0311
08
0308
0 BO7
0.802
0.802
0802
0.79%
0.793
0.79:
0789
a789
D784
0781
0179
Q778
9771
0.762
0.758
0756
075
0.750
G746
[ EE)
0739
0737
0T
0.733
Q.73
0.732
0127
0.72s
G723
0712
0.720
0719
0719
0713
0713
Q713
0.713
0.710
0.710
0.708
0.707
0167
0.706
0.702
0.704
0.700
0.698
0.697
0.6%6
0.695
0694
0.693
0.691
0.69%0
0.650
0.689
0.688
0685
0,632
0631
0680
0.679
0.678
0.677
0.6476
0612
0670
0.670
0.6409
0668
0.663
0.659
0658
0.652
0.651
0463
0640
0631

Weight

WSRC-RP-2001-00024

Revision 0

Page 231 of 235

EFFECTIVENESS SENSITIVITY INCREASED BY 10%

||||Iﬂ



HLW Tank 18 Waste Removal Systems Engineering Evaluation

Final Report

SENSITIVITY OF OVERALL RANKING

Alternative
S60
562
565
567
510
512
Sel
550
8§52
575
S77
566
$55
§57
843
571
S19
551
568
5§76
$110
5m
556
553
578
5
558
5112
si3
S0
s12
S14
514
516
534
S20
S3e
Sta
sn
52
54
518
§24
540
512
515
S44
541
58
90
56
s19
535
592
528
526
53
548
S46
595
523
$39
597
51
530
$43
5102
57
5100
591
s
532
S30
547
S
S10%
596
53
587
593
- 883
s101
581
98
5106
503
586
= 583
5108

St8
Member

INTT. COS TDEPLOY
LIFECYCLE CO%1
EFFECTIVENESS
COMPLEXTTY

AR IMPACT

Uiy
0832
0.828
0818
0813
0 BDo
0 806
o801
0797
0.797
0.792
0791
07806
0.782
0782
0782
0779
0177
0.7¢9
0.787
0.764
0.762
0760
0.785
47381
0.748
07H
0.736
0.930
0.728
0726
0723
0.713
0.712
0.708

004 -

0.701
0701

0.700 -

0.697
069
0693
0,690
0.666
0686
0.686
0.682
061
0.678
0.677

- 0677

0.677
0675
G674
G674
0669
0589
0.665
0.664

, Q.66

0.662
0.660
0 660
0.600
D.655
0.08s
D652
0.652
0.651
0.651
0638
0.643
063
o6
0.638
0638
0.636
0633
0.629
0.628
0.027
Dol7
0.626
o0&
0613
el
0.60%
0.602
0.5%
0.591

0.581
Weight

120
wo
150

Iy

Alernative
b1
580
567
563
s
510
561
552
530
577
$18
566
557
563
51
535
551
S68
576
5109
s73
556
S110
553
578
s
558
Sz

521
538
515
592
522
54
590
58
533
542
519
L1
528
597
S48
516
83
595
539
546
523
5102
5312
591
sioo
543
$30
57
381
s
$80
ST
5%6
5108
$47
587
593
St
585
531
s81
598
5106
S103
B3]
S83
S108
S88

Member

INIT. COSTDEPLOY
LIFE CYCLE COSNT
EFFECTIVENESS
COMPLENITY

AB IMPACT

WSRC-RP-2001-00024

Revision 0

Page 232 of 235

COMPLEXITY SENSITIVITY DECREASED BY 10%

Unility
0.337
0832
Q82
[£5:] L
0R12
0 E0?
0 806
0.801

0196 "

0 1%
079
07%0
078y
0783
0.781
0.720
0170
0767
0.78%
0744
0758
0754
0748
0147
Q.742
Q.732
0731
0.716
0.714
0.7113
0.700
0698
0.697
0693
[ 3.5}
0688
[1X.53]
0682
(21
0677
0623
06172
061
0.669
0.667
0.666
0 666
0663
D682
0.661
0.658
0.657
0647
0655
0.653
c.651
0.643
0.647
0.647
0.6
064
0642
0642
0641
0.637
0.636
063s
0633
0.631
0.631
083t
0ole
0624
Del2
0.620
0618
0617
LETR
0611
0.611
0.608
0 607
0.600
0.59%
0.595
.53
0.38%
038
053710
0.460

Weight

136
227
Mg
150
170

|I|||§
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SENSITIVITY OF OVERALL RANKING

Altermative
560
562
565
$67
570
571
561
S50
552
575
N
S66
555
557
563
s
S109
551
S68
576
S0
57
556
553
578
Si11
558
sip2
5t13
S0
512
Sii4
Si4
516
sl
510
536
S8
1R}
52
54
538
523

" 54D
522
Sis
544
542
58
590
56
519
538
592
528
526
s3
548
S46
595
§13
5%
597
532
S30
543
5102
s7
S100
591
s17
582
180
547
S107
5105
594
531
SET
593
S8S
S0
$81
593
Si06
S103
536
583
sios*”
$88

Member

INIT. COSTDEPLOY
LIFECYCLECONI
EFFECTIVENESS
TOMPLEXITY

AR IMPACT

Uty
0.832
[13-%i:1
0818
051}
0.B06
0 806
0801
0797
017
Q792
2.9
0.786
07382
0742
0.782
G119
[
0.76%
0¢.767
0764
0762
0.760
0755
9.75)
0.745
.74
0736
0.730
0723
0726
0713
0.713
onzx
0708
0.704
0.701
0.701
9700
0.697
0.692
0.0692
0690
0.686
0.686
0.686
0.682
0.679
0.678
Q677
0.677
0.677
0.675
0624
0.674
0.669
0.66%
0.665
0.664
0.664
0662
0 660
0.660
0.660
0.655
0.654
0.652
0.652
0.651
0.651
0.648
0.643
0.643
o041
0.633
0638
0.636
0.633
0.629
0628
0627
0627
0626
0.617
0613
0.611
0605
0.602
0.596
0.591
0.531

Wright

110
il

"

WSRC-RP-2001-00024
Revision O
Page 233 of 235

Alternative Utitiny
Sel 0.a30
562 0819
565 0817
567 0.806
S0 0 805
§12 0800
53 a¢798
$61 079%
575 0792
852 0792
s 0739
577 0787
558 0T84
566 0783
563 0.781
S5T 07
sT1 0377
SHI0 077
S% [ ]
568 0.768
576 0764
573 0762
Sin 0157
556 0756
553 0.754
578 0.749
5112 074
510 - 0744
S1i2 0.742
558 i 2]
$12 0733
S 0730
514 o129
s 0.723
Sie 0720
Si8 0719
520 0T
538 0713
52 0.712
s1 o
518 0710
54 0.706
s22 0.706
S ¢.70t
540 0.700
542 0.69%
S6 0698
S1S 0498
544 0694
58 0693
519 0.692
590 D691
Sk 0691
535 069t
528 0.686
546 0635
S} D.6E4
592 0682
543 0681
sn 0679
595 0.678
$10 0.678
53 0.677
512 04673
543 0622
57 0671
597 0.669
5100 0.667
527 0.664
S$102 0663
$91 0.660
580 0.659
547 0.658
582 0 655
sios 0as4
b3 13 [FE-3]
sin 0.6%
5% 0.646
535 0.646
593 0.64)
S&7 0642
s10 0.641
581 [LX-}]
598 0.630
5106 0.627
s103 0624
536 0620
543 0.617
Si108 o6
b11 8 - 000},
Member Weight
INIT. COST/DEPLOY I R
LIFE CYCLE COST 17.3
EFFECTIVENESS 243
COMPLENITY ALY
AR IMPACT 130

COMPLEXITY SENSITIVITY INCREASED BY 10%
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SENSITIVITY OF OVERALL RANKING

Ahcrnative
540
862
565
547
570
m
So1
550
382
518
Lyl
St
558
557
561
5N
Si9
S51
568
576
S0
573
856
£33
S7E
sin
SSB
Si2
5113
S10
512
s
54
516
5M
50
5)a
S18
sn
82
4
538
o s
540
512
S14
S
§a
S8
590
St
$19
RN
592
823
$26
53
543
S48
895
b ha]
53
597
532
530
543
5102
57
5100
S91
$27
582
580
547
5107
5105
5%
B33
587
93
SBS
s
S8
$93
106
510
586
50
5108
k113

Member

INIT. COST/DEPLOY
LIFRCYCLECOST
EFFECTIVENESS
TOMPLEXITY

AB IMPACT

Uity
0832
03§21
0813
[R1R]
0800
0806
0o
07197
0797
o142
0™
07186
o782
018
G782
0778
0777
0769
0767
0764
0762
0760
G758
0781
0745
9744
0736
0730
0728
0726
0723
0113
0712
0708
0704
o701
Q703
0700
0697
0692
069
0 &30
0686
0486
0 6k6
0682
0679
0678
ae??
a8
oe??
0678
D3
0674
Dol
0669
0665
0669
0 664

e TN TR

WSRC-RP-2001-00024

Revision 0

Page 234 of 235
AB IMPACT SENSITIVITY DECREASED BY 10%

ANermalive Ltibry
S60 [ X 5]
565 0828
562 0424
567 0822
561 BN
S66 0809
§12 03801
570 0.800
§71 0719
578 0798
552 0789
571 0738
S50 0738
557 0787
5% 0.786
558 0786
551 077
556 0.773
56) 0772
568 01N
5109 0761
5110 0.760
513 0749
578 0.748
533 0137
538 0.736
s 0.728
sty 0.723
$10 0.709
SI13 0707
Si4 0.707
512 0.706
sS4 0.706
516 0705
511 0895
518 0.693
520 0.683
534 0.683
523 0682
538 0.682
518 0 6B
536 0.681
521 0.680
510 0679
519 0672
54 osm
52 0671
51 0.670
58 0.670
5338 0.669
56 0.668
539 0.667
53 0660
57 0.6%58
sS4 0,658
548 0,656
542 0.656
548 0468
590 0653
592 0681
594 0.6%1
597 0.6%0
543 0646
518 0.646
L) 0.645
531 0.644
526 ool
530 0632
591 0.640
§9 0.638
s27 0634
531 0633
5102 0629
5107 0621
$100 0626
5108 0624
5101 o617
582 0ol
5106 0615
581 0.61%
580 0613
SBS o612
59 0.605
58 0.603
593 0.3%%
S94 0597
S0 057
sied 0514
58} . 0564
sH €562
Member Weighi
INIT. COST/DEPLOY 134
LIFE CYCLECOST n4
FFFECTIVENESS 3
COMPLEXITY 7Y
AB (MPACT 50

"
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SENSITIVITY OF OVERALL RANKING

Ahernative
S0
562
S65
567
570
572
561
550
352
575
577
566
558
557
563
T
5109
551
S68
576
Stio
573
556
553
578
S
558
502
5113
510
512
5114
Si4
Sle
534
520
536
518
51
s2
5S4
538
s24
530
522
515

S42
s8
590
s6
s19
535
£92
528
s26
83,
548
S46
595
513
539
91
532
30
543
s102

5100

591

527

582

580

547

5107

5105

596

§31

587

593

SES

S0

SB1

598

5106

5103

586

$83

5108 -

538

Wember

NIT. COSTMEPLOY
LIFECYCLECOST
EFFECTIVENESS
TOMPLEXITY
ABIMPACT

riliny
0832
03523
0.818
083
0806
0 800
0 301
0.797
0797
G792
0791
0736
0.782
0782
0782
e
777
0769
0747
076
0762
0.760
0.755
0.751
@745
[ 2]
0736
0.130
0.228
0726
0723
0.213
0712
0708
0.704
©.701
2700
0.700
0.697
0.692
0692
0.690
0.680
0.686
0686
0.682
0679
0678
0617
0.677
0677
0675
0.674
0674
0.669
0669
0.66%
0.664
0.664
0.662
0.680
0.660
0.660
0.655
0654
0.652
0.652
0.651
0.6%1
0.648
0.643
0.543
0.641
0.6l8
0638
0636
0632
04629
0628
0027
0627
0.626
0617
[.X 1K
0611
0.60%
0.607
0.59¢
0.591
0.581

Weight

120
09
/0
Ba
150

iy

WSRC-RP-2001-00024
Revision O

Page 235 of 235

AB IMPACT SENSITIVITY INCREASED BY 10%

Altcenative N
560
561
* §TO
572
565
550
567
§52
Sim
$63
561
578
57
555
58
57}
bl
1o
563
553
S
S66
551
SiL3
Sto
518
576
s -
538
Sie2
556
s34
St
Sle
S8
5o
sS4
s
518
54
590
542
544
sn
538
5N
L3
540
58
51
b8
56
S8
538
s
5102
5100
595
S48
348
518
53
597
582
S80
Sio
s32
543
591
$93
539
s
5§23
5107
s108
57
587
s8s
5101
S0}
s
59
S8l
S9B
583
i
5106
5108
131
513

Member

NI COSTDEPLOY
LIFECYCLE COST
EIFLCTIVENESS
COMPLEXITY

AR IMPACT

Uniliy
0.437
0.332
0513
0811
0810
0.806
0.80%
0.805
0192
0.792
0.791
0.78%
0784
0.71%
0.1
0171
0.769
0.76%
0.764
0764
0784
0.763
0.763
0.748
0744
0.743
0742
0.730
0.737
0.737
0736
0725
0.721
0721
0719
6719
0717
071
0712
0712
0.700
0.700
0.699
0699
0647
0.697
0694
0693
0.693
0.692
0.691
0.68%
0.685
0.680
0678
0.676
0.676
0.673
0.673
0.672
0671
0.671
0.670
0.669
0.669
0.666
0.666
0.659
0.63%
0.656
0.652
0652
0.6
D648
0.648
0644
0642
0.642
0.635
0.634
0631
0.629
0.628
0.628
0628
0.625
o607
a6

toosnl
0.801

Weight

106

7.0
pLN)
221

250

Il





