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RPP-7188 Rev.0

DECISION DOCUMENT FOR SINGLE-SHELL TANK 241-C-104
PREFERRED WASTE RETRIEVAL TECHNOLOGY

1.0 STATEMENT OF THE ISSUE

The subject decision was to determine the preferred technology for retrieval of high-level waste
from Tank 241-C~104 and subsequent transfer to a selected double-shell staging tank to support
waste feed delivery. The selected technology is also intended to demonstrate the ability to
retrieve bulk sludge and heel waste from similar Single-Shell Tanks. Decision management
requirements, and the decision making process, are prescribed in tank farms procedures (CHG
2000). This document concludes the decision process outhined in Defigh-Price (2000) and related
documents (DeWeese 1999; Bogen et al 1999; Davis et al 2000), by documenting the technology
decision. The decision responsibilities are also updated.

2.0 DATE OF SELECTION
The date of selection will be the date on which the decision maker approves this document.
3.0 DECISION MAKER

The decision maker is the SST Closure Project Manager (R. E. Raymond). The decision maker
has the authority to make the technology decision by declaring (via signature on this document)
the preferred alternative. The decision maker elected to convene a Decision Support Board to
assist in the decision process, as allowed by procedure (CHG 2000).

4.0 DECISION ACTION OFFICER

The decision action officer is the Tank C-104 Retrieval Project Manager (K. E. Carpenter). The
decision action officer is responsible for documenting the decision-making process, and managing
resources necessary to implement the decision plan for the preferred 241-C-104 waste retrieval
technotogy (CHG 2000).

5.0 ALTERNATIVE SELECTED

The selected alternative is Alternative 6, an "In-Tank Vehicle (ITV) and Articulated Mast, with
Interchangeable Tools for Both." This and the other alternatives considered are described in
Section 6.1, below. The feasibility of Alternative 6 needs to be evaluated during conceptual
design, as it requires additional equipment and risers as compared with Alternatives | through 3
(carried through preconceptual design).

The Decision Support Board concluded with a scoring exercise to evaluate and compare the
technology alternatives. The results of this process are documented in tables attached to this
report, and indicated Alternative 6 is clearly preferred. The most important decision criteria
appeared to be the need to maximize waste retrieval; system reliability, availability, and
maintainability (RAM), flexibility, and applicability to other tanks, while at the same time
minimizing life cycle cost (LCC). Alternative 6 scored well against these criteria as well as
providing a good value in terms of most of the other criteria considered. The Decision Support
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Board also noted that Alternative 6 builds on previous experience at the Oak Ridge, West Valley,
and Hanford DOE sites, and presents opportunities for system optimization during cold testing,

It was apparent that Alternatives 4 and 8 are close second and third choices, respectively. These
two alternatives are also physically similar to Alternative 6. This should be considered duting
conceptual design. The ideal technology for C-104 retrieval may be close to Alternative 6 but
with some elements of the other alternatives.

The path forward recommended by the Decision Support Board is to reflect Alternative 6 in
conceptual design. The feasibility and cost of the additional mast system needs to be evaluated,
and its functions and requirements need to be defined. Alternative 6 should also be reflected in
the cold test work plan, and ongoing crawler development activities redirected as appropriate. In
addition, acquisition of any useful existing equipment from other DOE sites should be initiated.

6.0 DECISION CRITERIA

Decision criteria are used to draw comparisons among alternatives as to their relative ability to
address the objectives of Project W-523. The primary objective of Project W-523 is to provide a
waste retrieval system for Tank C-104 and meet the limit of technology retrieval milestone

(TPA M-45-03F). The project must consider retrieval needs for similar SSTs while addressing
specific C-104 goals. These goals include minimizing residual waste content and demonstrating
confined sluicing and robotic technologies, with the ability to improve on the past-practice
sluicing baseline. A related objective of the project is to integrate the selected retrieval
technology with viable leak detection, monitoring, and mitigation (LDMM) strategies. Additional
objectives of Project W-523 include minimizing environmental impacts, satisfying applicable
regulatory requirements, and protecting the health and safety of workers and the genera! public.
Therefore, the decision criteria for this technology decision are:

Minimize impacts on the facility authorization basis

Minimize worker risks

Minimize potential leak loss

Minimize addition of water to tanks

Minimize secondary waste (e.g., solid waste)

Maximize waste retrieval

Maximize system reliability, availability, and maintaiability (RAM)
Minimize Project W-523 life cycle cost (LCC)

Maximize applicability to future retrievat actions

IR e o0 o

6.1 Alternatives for the Technology Decision
The following retrieval alternatives were identified to support the technology decision:
1. Past Practice Hydraulic Sluicing, with Enhancements

2. In-Tank Vehicle (ITV) with On-Board Slurry Nozzle and On-Board Transfer Pump, operated
together or separately

3. ITV with On-Board Transfer Pump and Mast Mounted Sluicing Nozzle
2
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4. ITV with On-Board Sluicing Nozzle and Mast with Stationary Transfer Pump
5. Articulated Mast with Interchangeable Slurry Nozzle and Transfer Pump

6. ITV and Articulated Mast, with Interchangeable Tools for Both

7. Two ITVs with Interchangeable Tools

8. Two ITVs and an Articulated Mast, with Interchangeable Tools for All

9. Deferral of Technology Decision

The above alternatives address the selection of in-tank retrieval hardware. All of the alternatives
would require additional equipment to complete the retrieval system, including pumps, pits, and
transfer piping outside the tank. This balance-of-process equipment is discussed in the referenced
documents and its design and selection will involve additional technology selections outside the
scope of this decision document.

The "in-tank vehicle" (ITV) featured in most of the above alternatives would provide a mobile
platform for selected retrieval equipment, as well as direct mechanical action to help break up the
waste and mobilize it. The ITV is envisioned as utilizing existing crawler technology, with the
necessary support system to deploy it in the tank, In cases where two ITVs are used, the vehicles
may be of the same design or different designs.

The "articulated mast" is a yet-to-be refined design concept, envisioned as a simple device
utilizing existing technologies. it may be as simple as an adjustable-elevation transfer pump or
eductor, or it may be more complex with multiple tools and capabilities. However, it is not
envisioned as a system as complex as a long-reach utility arm or manipulator. The specific
technology for the mast would be determined based on a feasibility assessment, performed as a
separate effort.

Alternatives [, 2, and 3 were proposed in the original decision plan (Defigh-Price 2000), and were
carried though preconceptual design (Crass 2000a}. These have been supplemented with six
additional options as listed above,

Alternative 1 was defined as a conventional sluicing process similar to the WRSS system installed
by Project W-320, but with the addition of a heel pump and other possible enhancements as
required to meet current performance criteria.  Alternative 1 would only be pursued if it can be
demonstrated that the past practice sluicing process is sufficiently modified or enhanced to meet
the requirements in the TPA and gain regulator acceptance. The current regulatory climate does
not favor global sluicing-based retrieval aptions used in the past. This alternative was eliminated
from serious consideration betore the final decision was made.

In the case of Alternative 2, the 1TV would provide a plattorm for both a sluicing nozzle and a

transfer pump. Waste would be dislodged by high-pressure spray from the sluicing nozzle, while
the resulting slurry would be scavenged by the on-board pump. Alternatives 3, 4, and 6 separate
one of these components trom the [TV, simplitying the design of the ITV and its support system.

3
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Alternative 3 would utilize a stationary, remote sluicing nozzle separate from the crawler (which
provides a platform for the pump only).

In the case of Alternative 4, the [TV would provide a mobile platform for the sluicing nozzle to
locally dislodge and slurry the waste as it maneuvers around the tank. 1t would use a separate
transfer pump located to retrieve the waste as it is mobilized by the on-board sluicer and draing
(or 1s pushed) toward the center of the tank. This concept would take advantage of the "dished"
design of the tank floor. Oak Ridge National Laboratory heel retrieval utilized a fixed pump with
ITV for waste retrieval, This approach is also being planned for utilization at the Savannah River
Site for final heel retrieval in Tank 19. Alternative 6 1s similar to Alternative 4, but provides
additional capabilities for both the 1TV and the central pump mast.

Alternatives 5, 7, and 8 are additional combinations of the above technologies, Alternative 8
represents the greatest hardware complexity of all the alternatives presented. With three
independent retrieva sysiems, it a’so offers the greatest versati'ity, with two "7'Vs and a mast that
can be operated separately or in various "cooperative" combinations. Experience at other sites
has shown that a combination of two or more retrieval systems provides greater flexibility and
availability for operation. Since operation is a major cost of retrieval, the added hardware
complexity and capital cost are not necessarily a disadvantage,

Alternative 9 provides a general "deferred decision" or "no action" option to allow consideration
of additional technologies, perhaps not considered or not available at the time of the AGA (Bogen
et al 1999). This assumes that, given more time, new technologies would likely be evaluated and
shown more appropriate for Tank C-104 waste retrieval. The current regulatory chimate and a
Tri-Party Agreement milestone do not favor this option, but it was provided as a reference
because it 1s within the realm of possibitities. This alternative was eliminated from final
consideration after discussion by the decision support board.

7.0 KEY DECISION CONSIDERATIONS
7.1 Assumptions

A set of enabling assumptions was used to develop the Project W-523 technical baseline. The
assumptions are discussed in the project technical baseline documents, including the project
functions and requirements (Leonard 2000), preliminary engineering report (Crass 2000a), and
project definition criteria (Crass 2000b). The following list is selected from this baseline to
include only those assumptions that are assoctated with the preferred retrieval technology
decision. Most of the assumptions will need to be validated based on a requirements set to be
developed for the preferred technology.

1. Liquid (supernatant, water, or both) addition to Tank C-104 will be authorized in
sufficient amounts to support Tank C-104 retrieval, regardless of the retrieval technology
selected.

2. There will be viable [eak detection, monitoring, and mitigation (LDMM) strategies to

support Tank C-104 retrieval, regardless of the retrieval technology selected.
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3. The following SST and DST infrastructure will be available to support C-104 retrieval
with minimal upgrades:

e Electrical power distribution system and other utilities (as needed)
e Sluicing system transfer piping
e DST receiver tank and systems
e Contaminated equipment removal systems
4, The tank farms Authorization Basis (AB) can be amended, if necessary, to support Tank

C-104 retrieval regardless of the retrieval technology selected.
5. ‘ Physical properties of the waste heel and tank liner in Tank C-104 are simifar to C-~106.
6. Capability for cold-testing demonstration of full-scale hardware will be available.
7. Debris and failed equipment will be left behind.
7.2 Risks

There are risks associated with three basic areas of the project: (1) validity of design
assumptions, (2) achievement of design performance requirements; and (3) the occurrence of
unplanned events or unexpected conditions. The first set of risks will be managed by validating
the assumptions on an ongoing basis as the project develops,

The alternatives based on an [TV represent a technology demonstration of a prototypical system.
The challenges of operating a prototypical system inside a waste tank can be overcome by sound
engineering using proven technologies and rigorous testing. The system design concept will be
based on past development and testing activities on similar prototypes. However, since the
system is prototypical in nature, some uncertainties exist that may limit its success. The project
plans to identify and actively manage these risks through a number of activities including
additional analysis and testing in a simulated tank environment. Specific uncertainties include the
following;

ITV performance and RAM
Retrieval efficiency

LDMM strategies

Cold test surrogate

Waste and surrogate waste properties and volumes
Tank integnity

Tank access and deployment
In-tank hardware and debris
In-tank viewing and lighting
Process control and monitoring
Hose (umbilical) management
Transfer line plugging

Although Tank C-104 retrieval is considered a "demonstration," the selected technology will
utilize, to the maximum extent practical, a mature technology with a history of commercial use,
including recent technology demonstrations using simulated Hanford tank wastes (Berglin et al

5
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1998). Vehicle-based technologies have also been previously used in commercial applications,
including environmental remediation and cleaning of nuclear fuel pools and containments, storage
tanks, wastewater systems, and other hazardous or difficult-to-access areas. This experience base
has been well documented, and can be utilized to minimize the risks associated with a vehicle-
based retrieval technology.

8.0 ALTERNATIVES REJECTED

Of nine alternatives presented in Sec. 6.1, Alternatives | and 9 were not considered in the final
selection process for reasons explained in the text. The results of the decision process are
discussed in Sec. 5.0, and summarized in attached Table 9.
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EXPLANATION OF ATTACHED TABLES

The attached tables provided a means of documenting the decision process to select a preferred
waste retrieval technology for Tank C-104. These tables are adapted from data sheets and
scoring matrices in the original decision plan, RPP-6878 (Defigh-Price 2000), and modified as
necessary to reflect the revised decision criteria and alternatives in this document. The technology
selection was facilitated by a prescribed decision process, conducted in a 2-day Retrieval
Technology Decision Workshop. Twelve participants, from various parts of the U. S. Dept, of
Energy complex (including the Hanford site, other sites, and national laboratories), completed a
scoring exercise at the conclusion of the workshop to tormalize the decision process.

The decision process for the preferred technology selection can be summarized as follows:

1.

2.

Applicable information about the retrieval technology alternatives was reviewed.

A weight factor was assigned to each of the nine decision criteria in Section 6.0 of this
document. The total sum of the weight factors was required to be 100. The weight factors
and their justifications were recorded as shown on attached Table I (results from all
participants were combined and averaged). The "Justification/Remarks" column on Table 1 is
a compilation of bases for the weight factors, provided by the twelve participants during the
decision process.

Each of the alternatives considered (Section 6.1 of this document) was rated against the nine
decision criteria. The raw scores and their justification were recorded, as shown on attached
Tables 2 through 8 (results from all participants were combined and averaged). The
"Justification/ Remarks"” columns on Tables 2 through 8 are a compilation of bases for the raw
scores provided by the twelve participants in the decision process. Alternatives | and 9 were
not considered (see Sec. 6.1). For each criterion the score was required to be no less than a
minimum ot 0.1 (worst case, least desirable, or lowest confidence), and no more than a
maximum of 0.9 (best case, most desirable, or highest confidence). However, the scores
among the six alternatives were not required to span the entire range from 0.1 to 0.9 for a
given criterion.

The weight factors and weighted raw scores were tabulated, as shown on attached Table 9.
Weighted raw scores were obtained by multiplying the averaged raw scores (from Tables 2
through 8) by the weight factors for the corresponding decision criteria (Table 1). The
weighted raw scores were totaled for each alternative (see last column on Table 9). The
results were sorted in Table 9 in decreasing order of magnitude of weight factor (columns)
and weighted raw score totals (rows).

The preferred technology was selected based on the "weighted raw score totals" in the last
column of Table 9, where the highest value represents the most desirable alternative.

9
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Table I. Decision Criteria Weight Factors Rationale

Decision Criteria

Justification/Remarks (see explanation, p. 9)

Minimize impacts on the
facility AB

Cost and schedule impuets: cost a factor for major AB changes, need to
think ‘out ol the box", AB will be changed or challenged as necessary; AB
can be modilied or revised: not a good discriminator for these concepts.

Minimize worker risks

A'must’, safety is key, #1 priority, regulatory driver & contract requirement
from design to D&Y, implied; minimal worker risks will be met or
approach is not acceptable; secondary, order of husiness, ALARA will be
used: not & poad diseriminator for these concepts,

Minimize potential leak
loss

Feology concern; significant aspeet in shareholders' eyes; not likely to
differentiate choices, related to "', 'b', & 'd’, pelitical, additional curies not
significimt; sound tank: not as impertant as equipment development;,
covered i AH pot o good discriminator for these coneepts.

Minimize water addition
to tank

Adds treatiment & part of cost, lumited double-shell tank space;, evaporator
can compensite: signilicant aspect in DST & SST programns, DST space
saving: keep SSTamission going forward; not likely to differentiate choices
(except slutcing); related 10 ¢ sound tank: not as important as equipment
development. not a good discriminator for these concepls,

Minimize secondary waste
(€. g., solid waste)

Adds to cost; Jonglerm significance: design goal, waste disposal minimal
cost impact shoutd be a lactor; not iikely to differentiate choices; secoudary
waste 15 of sccondary importance; onsite disposal available; sound tank;, not
as hmportant as equipment development;, not a hig deal given benefit of
retrieval, net o good discriminator for these concepls.

Maximize waste retrieval

19

Primury funclion; {he job we arc (rying to accomplish, TPA driver; a 'must’,
main requirement & reason for project; eritical success factor & key
ohjective for this project; supports TTA and tank closure; design goal,
regulatory requirement; allows good discrimination between concepts.

Maximize system
reliability, availability, and
maintainability (RAM)

This is the key to success in the tank: allows good discrimination between
concepts, system needs to work with minimal mamtenance; cost and safety
factor; critical suceess fuctor for project; entical for effective remote
operations: design goal: it it works at C-104 it will work for other tanks
with minor modifications.

h.

Minimize project life-cvele
cost (LCC)

Crucial to [uture 88T retrieval; 1oo high a cost results in delay of retrieval,
necessary for Hanlord's credihility, cost must be considered; significant
negative impaet to ORP and CHG il cost not reasonable; first tank can cost
more in the interest of working the longer term casts; not as impartant as
welting a system that will be used in other tanks: reasonable weight to cost
but performimee to dominate.

Maximize applicability to
future retrieval actions

Key objective, must be adaplable to future: retrieval 1s more than Tank
C-104;, must think of big picture; emphasis on demonstration aspect of
milestone;, regulatory driver; eritical success factor for project; work the
class ol tank over the Liture, important to maximize future benefit; design
goal, with =140 (unks o be retrieved, likely any [effective] option will be
uselul on additional tanks,

Total

1040
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Table 2. Raw Score Hustification - Alternative 2 (Vehicle [ITV] with Slurry Nozzle and Pump)

Decision Criteria

Raw
Score

Justification/Remarks (sec explanation, p. 9)

Minimize impacts on ihe
facility AB

0.67

Minimal tank impact, one vehicle therefore one tank entry point; HTI previous
work shows little jssue; one riser needed: no nypact to AB or average AB
changes: AR to be madified for all alternatives. AB needs revision (raw score
range 0.3 - 1Y),

Minimize worker risks

0.58

Fewer parts therefore less maintenance & worker exposure; single deployment
system: one vehicle therefore one tank entry point; least number of breaks in
contaimment: complexity of equipment and hose management; hands-on
maintenance; no backup capability means more production pressure on repair,
maintenance, & testing; since vehicle operates submerged and waste transfer line
i« near the vehicle enclosure the radiatinn exposure for inaintenance may be high;
velicle mamtenance increases risk: high probability of exposure due to
manienance (raw score range 0.4 - 0.7).

Minimize potential leak
loss

0.65

Pump & nozzle together, localized sluicing at vehicle: no need for fots of water
addition: no significant potential for creating leaks; minimum leak potential;
single system minimizes piping conneelions, pumping oul waler as soon as put in
will reduce leak risk: all alternatives have same probability; less operational
flexihility (raw seore range 0.4 - 0,9).

Minimize water addition
to tank

0.62

PPump & novzle together, uses confined shwicing concept;, localized addition &
immedinte removal; bocal addition & pumping should minimize water; no need for
lots of water addition; average decontamination needs expected; minimum water
addition: less "binst & suck” flexibility; requires more raw water for flushing; will
require i Lot of water (raw score range 0.3 - 0.4).

Minimize secondary waste
{e. g., solid waste)

.06

Lowest of all optiens: least amount of solid waste; smakfer amount of hardware;,
one syslem equals minimum waste; single system minimizes hardware & disposal
cost: average secondary waste; only une system to get contaminated or be
disposed of and little other waste generation: can leave vehicle in tank; less waste
to drspose nft more maintenance: may be hard 1o elean with spray ring (raw score
range 0.5 - 0.0,

Maximize waste retrieval

0.54

Can go aller heel with "lncus”; should be adeguate for mast non-heel waste; will
have good waste recovery, should be able to reach all areas of tank; will do okay
bt not great: works like carpet cleaner: inefficient waste retrieval especially
toward end: will not he ellective tor heel retrieval, no redundancy or flexibility;
one system s less flexible (raw score range 0.2 - 0.8).

Maximize sysicin RAM

The system can be very rehable: average RAML slightly more complex than Alt. 3
& 4. complex eguipments many warking & moving parts on one plattorm;
maintenance problem: no backup: single system must be relied on to be
aperational: system down with one failure; with only one component any
duwntime for maintenance has high impact on availahility: reliability &
availability are Tow: high maintenance: no redundancy (raw score range 0.3 - 0.7).

h.

Minimize project LCC

.59

Lowest capital cost: vne simple vehiele: cost for ane system is less than for
multiple systems: single system is cheaper option;, system falures & downtime
impucl schedule & productivily due 1o no alternate system; cost of downtime is
high: high operating cost due to duration; higher operating cost 1o retrieve heel;
lomger operations to get heel may drive costs up; large vehicle price tag {raw score
ringe 0.3 - 0.8}

Maximize applicability to
future retricval actions

0.56

Mohile design; system can be relocated; minimal riser needs; can be used in all
tanks: would he applicahie; usefud but sot readily adaptabie to all conditions; this
system mav not be the best [or either bulk or heel retrieval: may not represent best
technology (or all types of waste; minimal or Jimited {lexibility; lacks flexibilty;
least flexible o deal with dif¥erent conditsons (raw score range 0.2 - 0.9),
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Table 3. Raw Score Justification - Alternative 3 (I'TV with Pump, Mast-Mounted Nozzle)

Decision Criteria

Raw
Score

Justification/Remarks (sec explanation, p. 9)

Minimize impacts on the
Tacility AB

0.3%

Same as HTT and W-320 (C-106); mast with nozzle done at Hanford before;
no impact 1o Al3 or average AB changes, AB fo be madified for all
alternalives, AR requires revision;, potential new risers, two risers needed
(raw score range 0.3 - (1.9).

Minimize worker risks

0.54

Duat deplovment requires less changeout: increased complexity will
increase maintenance, [TV maintenance increases worker risk; vehicle will
he highly contaminated, waste transfer line close to vehicle enclosure;
added system to install & maintain, two separate systems equals additional
instalfation & open riser work; two tank entry poinds therefore increased
risk {raw score range 0.4 - (17),

Minimize potential leak
loss

0.47

All alternutives have same probability; sluicer reach restricts operational
(exibility: lurger liguid volnne: two systems equals more piping
conneetions; leak potential high as spray not localized: high leak loss with
nozzle shooling evervwhere; nozzle sprays aver large area increases
probability of leak Toss: use of slicer will increase casual water in the
tunk: looks Like past practice shucing, lngher leak potential (raw score
range 0.3 - {18

Minimize water addition
to tank

0.49

Controllability of sluicer focus; average decontamination needs expected;
lots of water added with nozzle fixed: will require lots of water; use ot
sluicer will inerease casual water in the tank; adds water (raw score range
0.3 207,

Minimize secondary wastc
(e. g., solid waste)

0.56

No signilicant secondary waste generation; easier to clean than Alt. 2,
slightly more solid waste than AlL 20 two systems to dispose of, two
systems requiring disposall more secondary waste with two systems, two
systems equals more hardware o dispose ol increased system hardware
(raw seore range 0.3 - 0.9},

Maximize waste retrieval

0.61

Twi systemns, better than vehicle alene;, appears to olter method to go to
pomt of sludge molization: good petential for waste recovery; heel may
he o problem: ess likelihood to remove heel; system will not be good for
heel retrieval; effectiveness of sluice nozzie will decrease at the tank walls;
distance of nozzle from waste surface {raw score range 0.4 - 01.8).

Maximize system RAM

System can be very reliable; ITV can be a little simpler than Alt. 2; mast
with sluicer 18 simple, proven technology: backup operational capabilities
possible, uverage RAM: two systems therefore higher availability, system
will have ne redundancy or exibility; two systemns to maintain;, two
svstems imore complex (raw score range (1.5 - (L8],

h.

Minimize project LCC

(154

Expericnee: lower complexity: less costly than Al 2 since only one tool,
average LOC due to system Nexability; cost for systems will be low
compired to other oplions; two systems with cost experience on one, same
as Al 2 but add slutcer, downtime will be costly (raw score range 0.4 -
(1.8).

Maximize applicability to
future retrieval actions

=
i
A

More applicable than single system approach; improved flexibility; lacks
operattonal {lexibility; no tlexibility, not optimived for heel retrieval,
limited riser availability on some other tanks (raw score range 0.4 - 0.9),
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- Alternative 4 (ITV with Nozzle, Mast with Pump)

Decision Criterin

Raw
Score

Justification/Remarks (see explanation, p. 9)

Minimize impacts on the
facility AB

0.5%

Not u loresceable problen; type of work done before 1.e. pump installation;
no ampact to Al or average AR changes necessary, AR to be modified for
all alternatives: Al revision required; potential new riser (raw score range
0.3 -0.9).

Minimize worker risks

0.62

IFlexable system reduces worker risk, separation of waste transler from
vehicle will helpl minimal worker interface with punping system;, crawler
design simplilfied: more complex; two systems to install & maintain; two
ports or access points required in tank; [TV maintenance increases worker
risk {raw score range (15 - 0.9).

Minimize potential leak
loss

0.58

Mintmal use of water nozzles, pump & sluice al waste surface more
localized: reduces water und appearance of past practice sluicing, lower
leak Jossy all alternatives have saine probability; high leak potential due to
fixed pump: two systems equals more piping connections; leak potential
high as spruy not localized (raw score range (1.3 - 0.9).

Minimize water addition
to tank

(.56

Minnmal use of waler nozzies; mohile sluicer more efficient less water,
high waler addition due to lixed pump: will require lots of water (raw score
range 0.3 - 0.9).

Minimize secondary waste
(e. 2.. solid waste)

(.58

Little secondary waste generation; casicr to clean than Alf. 2 or 3; two
syslems; two systems 1o dispose of therefore more solid waste (Taw score
range 0.3 - 40.9)

Maximize waste rctrieval

(168

Increased shucing control; two systems:, allows aggressive local retrieval &
method to pash slurry e pump; better retrieval with vehicle pushing waste
o pump: sluice & pump localize therefore high probability of waste
retrieval; the mobihity of the vehicle will help get more waste to the pump;
better expected performance: Tacks flexibility: heel may be a problem; may
be difficull to get waste sluiced o pump (raw score range 0.4 - 0.9),

Maximize system RAM

0.04

Hetter than average RAM; simple addition to crawler alone; two simple
systems L maintaing separaizon of waste transfer from vehicle improves
reliability and maintaimability, pump-based Hanford experience;, design of
crawler sunplificd versus Al 2 no redundancy or flexibility (raw score
runge 0.5 - (0.9),

h.

Minimize project LCC

0.57

Lowest LCC, system cost is low: two simple systems; same as Alt. 2 but
add pump;, downtime costs will be higher (raw score range 0.4 - 0.7},

Maximize applicability to
future retrieval actions

0.59

Average applicability; two simple systems: unproved tlexibility,
no lexibility for unknown conditions, may be linited by riser availability
(raw score ramge 0.4 - (19),
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Table 5. Raw Score Justification - Alternative 5 (Articulated Mast with interchangeable Tools)

Decision Criteria

Raw
Score

Justification/Remarks (see explanation, p, 9)

a.

Minimize impacts on the
facility AB

0.69

Minimal impact; close to C-106 and interim stabilization combined; similar
to past practice: similar works at Tanford done before; handled by much of
existing A% no impact to ADB or average AB changes; AB to be modified
for all allermatives: Al3 revision required (raw score range 0.5 - 0.9).

Minimize worker risks

0.61

Equipiment simplicity, minimal work interaction, moderate complexity
therefore less muwntenance than more complex alternatives; less
maintenance required theretore Tower nisk: if tooling is reconfigured
several times then exposures will be comparable to systems that have
vehicles, similar works at Hanford done befere; more tool changes add to
worker exposure (raw score range (1.5 - 0.9),

Minimize potential leak
loss

0,53

Single system minimizes piping connections; medium leak loss with this
system: reduces water & appearance of past-practice shiicing; all
alternatives have sume probability; less operational Texibility; will require
more water addition than vehicle based applications: sluicing over large
are leak potential high as spray not localized (raw score range 0.3 - 0.9},

Minimize water addition
to tank

0,48

Addition of water ahove waste level, medium water added with this
systent: less operational flexibility in positioning & operating sluicing or
prmping;, will require more water addition than vehicle based applications,
more water required; lots of water required {raw score range 0.3 - 0.7).

Minimize secondary waste
(e. g., solid waste)

.65

Smaller number of parts & hardware; single system therefore less waste,
less equipment to deconymission; no TV therefore less contaminated
cquipment; less contaminated equipment than for vehicle based systems; no
significant secondary woste generation; spray-ring should be sufficient; one
system minimizes waste (raw score range 0.4 - 0.9).

Maximize waste retrieval

(133

Limited range: one system less flexible: no {Texibility for heel removal,
coverage more limited, heel removal diffieulties; no heel removal, no
flexibility; not great retrieval, not good aceess Lo walls; lack of flexibility
near pernneter of tank: not good heel retrieval (raw score range 0.1 - (.5),

Maximize system RAM

.63

Prior design and operating experience as foundation; single system, very
simple svstem; no 1TV therefore RAM goes up; could be simpler than a
vehicle & hence mere reliable; bused on Hanford experience; complex
mechanical system; even redundant unit would have comunon failure
maodes: single systen must be operable; fhilure mode a weakness; little
redundancy; system has limited capability (raw score range 0.3 - 0.9).

h.

Minimize project LCC

0.65

Liquipment sumplicity: good experience available; average LCC; very
simple system; sinplest hardware: fess expensive than a complex system;
will not he cheapy system has Timted capatility (raw score range 0.3 - 0.9).

Maximize applicability to
future retricval actions

0.30

[ it works it would be applicable to all tanks; limited range; limited
applicabihity Tor other tanks, may not be best option for hard heel or
salteake; less likely 1o get heel: in-tank obstructions a problem; less
operational lexibility to deal with unexpected events: no flexibility; many
tanks lack a lurge central riser therefore system may be relegated to one
side of tmik; httle redundancy;, little capability to deal with unknowns; one
system with Timited capabifity (raw score range 0.1 - 0.R),

14
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Table 6. Raw Score Justification - Alternative 6 (ITV and Mast, interchangeable Tools)

Decision Criteria

Raw
Score

Justification/Remarks (see explanation, p. 9)

a.

Minimize impacts on the
facility AB

0.5%8

Not a foresceable prohlem: similar work at Hanford conducted: no impact
to A er average A3 changes required; AB to be modified for all
alternatives, Al3 revision required: two risers needed; complex system -
likely changes (raw score range 0.3 - 0.9).

Minimize worker risks

No signilicant dilference from other concepts, minimal worker risk with
flexible system: similar work at Hanford conducted; dual system reduces
praduction schedule pressure and conmnon moede failures, complex; more
complexity that will lead to increased mamtenance, complex system
mereases mainlenance & nisk, worker iteraction to change tools (raw
score range 1.3 - 0.8),

Minimize potential leak
loss

0.60

Very good for minimizing leaks: no need for lots of casnal water; flexible
system reduces leak potential; all alternatives have saine probability, some
combinations will have higher leak risk than others. less operational
flexibilily: two systems equals more piping connections; sluicing over large
area (raw score range 0.4 - 1.9,

Minimize water addition
to tank

0.64

More focused material mobilization: some spray above waste; very good for
minimal water addition; no need lor lots of casual water, flexible systemn
reduces water needed: cold testing will reveal minimized water strategy,
lots of water (raw score range 0.3 - 1.9).

Minimize secondary wastc
(e. g., solid waste)

0.48

No signilicant secondury waste generation; additional hardware; slightly
more solid waste than other options; two systems; two separate systems
cauals more equipment to dispose of) lots of solid waste with number of
tools. complex system therefere more waste {raw score runge 0.3 - 0.7).

Maximize waste retrieval

0.85

Likely contimuity in waste retrieval during individual system downtimes,
provides excellent potential for waste removal;, very good job of retrieval
due to flexability, Nexible system has high likelthood of waste retrieval,
maxanimn exibility: flexibility. Nexibility to go after material;, more
flextbility to aceess waste at walls and heel;, TTV can attack heel; cold
testing will reveal optimum configuration & approaches, two systems
multiple applications (raw score range (0.7 - 0,99,

Maximize system RAM

0.74

Contimuity  retricval operations; two systems with one fairly simple
allows backup: operational interaction; redundimcey, either system could
operate independently if the other is down, mimimizes downtime; belter
RAM with flexibility; neither system would be a liability, two systems
multiple applications: complex system requires more maintenance (raw
score range 0.6 - 1L.9),

h.

Minimize project LCC

0148

Average LOC, alternate svstem promotes continuity in waste retrieval,
payhack durimg operatiems: two systems atlow retrieval operations to
continue, operation not as efficient |with one system downj, slightly higher
upironl coste two systems with multiple applications equals more cost;, two
svstems egilals more equipments increased complexity increases cost (raw
seore range 0.2 - 0.8).

Maximize applicability to
future retrieval actions

0.72

Should he applicable o several tamks; tooling flexibility to address more
seenarios; good [lexibility to retrieve bulk & heel materials, flexibility to
operate in various tunk geemetrics: minimal riser avalability on some
tanks: twae svstems multiple applications; two svstems more flexible (raw
seare range U3 - (009

15
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Table 7. Raw Score Justification - Alternative 7 (Two ITVs, interchangeable Tools)

Decision Criteria

Raw
Score

Justification/Remarks (sce explanation, p, 9)

Minimize impacts on the
facility AB

0.45

No impact o Al or average AB changes: Al3 to be modilied for all
alternatives, Al3 revision required; new riser likely; would require
additional or new riser, two risers needed (raw score range 0.2 - (1,9),

Minimize worker risks

(.39

Neo significant diflerence compared to other concepts, complex equipment;,
comion failure modes, will requnre additional riser, additional hose
managenent system: mare complexity that will lead to increased
maintenanee; multiple vehicles therefore more exposure; possible increased
worker interaction & hands-on maintenance;, two ITVs increase
maintenance & risk (raw score range 0.2 - 0.7).

Minimize potential leak
loss

.61

Good minimization of leak loss: increased operational flexibility to deal
wilh leak conditions and control mobilization; no requirement for lots of
casual wilter: flexible system reduces leak potentiall all altermatives have
same probability, some combinations will have higher leak risk than others;,
fwo systems equals mere piping connections (raw score range (1.5 - 0.9),

Minimize water addition
to tank

.05

Localized: looling flexibility may enhance material mobilization &
retrieval; efficient use of water: no requirement for lots of casual water,
flexible system reduces water, more equipment resalting in added water
needs for decontamination: lots ol water {raw score range 0.3 - 1.9).

Minimize secondary waste
(e. g., solid waste)

(.43

No sigiiticant generition of sceondary waste;, additional hardware; more
potential for selid waste: two systems: two systems to dispose of, more
vehicles therefore more selid waste, more equipment to dispose of as waste
{raw score range (1.3 - (1.7),

Maximize waste retrieval

.79

Flexibility to go atter matertal, TTV can attack heel; flexibility and synergy
{"eooperalion™ ) two systems - good waste retricval; two vehicles
allernating i pitch & catch mode or with custom heel retrieval looling
gives great tank aceess, very good retrieval due to tank access: two systens
lots of capability (raw score range 0.6 - 0.9).

Maximize system RAM

0.04

Operational interaction; redundancey, two vehicles have better RAM, two
systems lots of capability, systems operate independently to minimize
downtime; il a common platform ts used then the cost for spare parts,
maintenance, & training will be deercased;, commeon failure points;
complex cquipment; complesity of two crawlers; hose management
dilTicult; two systems - more maintenanee {raw score ringe 0.2 - 0.8).

h.

Minimize project LCC

0.38

Redundancy allows minoium cost from downtime: cost for two vehicles
will not be as much us arm & vehicle: complexity & lack of simple
retrieval technelogy option resulting i likely schedule impact. &
nonproductive downtime;, more cost; cost ol AR concerns: very costly with
fwo crawlers, very expensive deployment with two vehicles; installation
costs: highest cost due to adding risers; increased complexity increases
cost, bwo systems egials more equipment {raw score range 0.1 - 0.7).

Maximize applicability to
future retrieval actions

0.56

Good [lexibility, two I'TVs provide enhanced operational flexibility, would
be applicabic to many lanks; high applicability to other tanks: not as
flexible us Alf. 8: nol best option for all types of waste, lhmited riser
availubility on some tanks; two-crawler option not politically, financially,
techmically very realistic (row score range 0.2 - 0.9},

16
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Table 8. Raw Score Justification - Alternative 8 (Two ITVs & Mast, interchangeable Tools)

Decision Criteria

Raw
Score

Justification/Remarks (see explanation, p. 9)

a.

Minimize impacis on the
facility AB

0.40

No impact to Al or average AR changes, AB to be modified for all
altermutives: AR revision required; potential additional riser; high
likelihood of new risers & other changes; requires additional riser; two
risers needed (raw score range (3.1 - 0.9),

Minimize worker risks

0.37

No significant difference compared to other concepts, least production
schedule pressure on work plamning & execution because of continuity in
retrieval using other systems; most complex choice; requires additional
riser, more equipment therefore more risk; more complexity that wiil lead
1o inerensed maintenance, operational complexity & multiple equipment
requires mwore worker interaction & mainteniance;, worst worker risk due to
most systems: moest nuintenance & risk (raw score range 0.1 - 0.7).

Minimize potential leak
loss

(r62

Best overall for feak loss immimization: increased operational flexibility to
deal with leak conditions and control mobilization: no requirement for lots
of casual water, goad capahility; flexible system reduces leaks; all
alternatives have same probability, some combinations will have higher
leak risk than others; three systems equals more piping connections (raw
score runge 0.3 - 0.9),

Minimize water addition
to tank

0.64

Iest overall for efficient water use: increased operational flexibility to deal
with leak conditions and control moebilization; water addition offset by
abilily to recycle or evaporate, flexible system reduces water; no
requirement for lots of casual water; three systems add water; added water
ler decontamination of more equipinent; lots of water (range 0.3 « 0.9).

Minimize secondary waste
(e. g, solid waste)

No significant generation of secondary waste;, additional hardware;, more
equipment to decommussien: fots of equipment 1o clean; multiple systems,
new have three systems 1o dispose of, worst tor secondary waste
generation; mmost waste (raw score range 0.2 - (17).

Maximize waste rctrieval

(1.88

Gireatest exibility means maxinum waste retrieval capability, maximum
in-tank Mexshelity, most flexible for best waste vetrieval; flexibility 1o go
aller nanterial, ITV can attack heel, pives most (Jexibility & best access to
deal with alt waste; versatility, svnergy, good capability; high likelihood of
waste retrieval (taw score range (L7 - 0.9).

Maximize system RAM

0.69

Best eption for contindity of relrieval progress. hest RAM with two
vehicles, operational interaction; gives best redundancy; greatest
availability: redundancy: systems operate independently to minimize
downtime; reliable due o redundancy: mest redundancy; very complex;
could be very unreliahle due te complexity, expensive downtime if one
system breaks while others deployed; high maintenance (range 0.3 - 0.9).

h.

Minimize project LCC

0.27

Cost offset by steady pregress in retrieval; there should be minimal lost
time for inainicnance; most equipiment & readimess infense option; highest
cost due to adding risers; very complex systemy, increased complexity
increases cost, worst LOC due 1o complexily of three systems; the added
complexity of three systems will cost more up front: cost of AB concerns
(raw score range 0.1 - (17).

Maximize applicability to
future retrieval actions

0.65

Abilily to gain most data & experience, most applicable to other tanks;
Bighest flexibility, Qus concept or o subset would have pood adaptability to
other tanks: o complex Tor ofher taks; linited riser availability on some
tunks (raw score range (01 - 0.9),
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