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TASK 11 - SYSTEMS ANALYSIS OF ENVIRONMENTAL
MANAGEMENT TECHNOLOGIES

L0 REVIEW OF LITCO STUDIES
1.1 Introduction/Background

A review was conducted of three systems analysis (SA) stdies performed by Lockheed Idaho
Technologies Company (LITCO) en integrated thermal treaiment systerne (ITTSs) and integrated
nonthermal treatmment systems (INTSs) for the remediation of mixed low-level waste (MLLW)
stored throughout the U.S. Department of Energy (DOE) weapons complex. The review was
performed by an independent team led by the Energy & Environmental Research Center (EERC),
including Science Applications International Corporation {SAIC), the Waste Policy Institute (WEI),
and Virginia Tech. The three smdies reviewed were as follows:

s Inteprated Thermal Treatment Systems Study, Phase 1 - issued July 1994
* Inteprated Thermal Treatrment System Smdy, Phase 2 - issoed February 1996
» Integrated Nonthermal Treatment System Study - drafted March 1996

The three studies were commissioned by DOE to be SA studies of environmental
management (EM) systems. The putposs of LITCO’s engineering svaluation of e MLLW
treatment system alternatives was 0 help DOE in the prioritization of research, development, and
demonstration activities for remediation technologies. The review of these three smudies was
structured to further aid DOE in its current and future decision-making processes. The
methodology in ihe sudies was compared (o a sound sysiems engineering (SE) approach to help
DOE determine which tasks still need to be accompiished to complete a thorough design/review.

1.2  Objectives

The goals of the independent review wete to provide DOE with the necessary information to
determine whether a more detailed analysis of the LIT'CO studies is warranted, o identify the areas
of the studies that would warrant future attention, and to highlight tasks that would complement the
LITCO studies to form a thorough SE evaluation.

To achieve the above poals, the following objectives were identified: 1} determine whether
the assumptions of the reports were adequate to produce an unbiased review of thermal and
nonthermal systems, 2} identify areas of the smdy ihat could be expanded/enhanced to produce a
beiter decision-making product, and 3) provide a template to guide future SE shdies,

The specific isszes inchided within this review were as follows:

* Review facility degigns and engineering and operating assumptions

» Review cost estimation methods, bases, and assumptions

« Evaluate the uncertainty of assumptions




+ Review submodeis for both baseline and alternative technologies (o assess the sensitivity
of planning life-cycle cosis (PLCCs) to the assumptions

» Determine which assumptions were critical in determining PLCCs for a given technology
and which were critical to the relative technology cankings

s Review the SE/SA approach for pot=ntial improvemenits
1.3 Work Performed/Accomaplished

The prodect of the LITCO studies review was a report entitled *Review of the Integrated
Thermal and Nenthermal Treateent System Studies.” The report covered twe primary topics: 1) a
description of a techmical approach to SE arx 2} a review of the LITCO studies.

1.3.1 Systems Engineering Approoch

In order o facilitate the application of the SE process to fomure smudies and o facilitate
examination of the three LITCO smdies refative to the SE process, a generic SE template was
developed. The elements of the termplate are illustrated in Figure 1. A description of the respective
blocks and the specific questions addressed by each bock, with respect to the LITCO studies, can
be found in Appendix A.

Mesds, Functions, and
System Requirements
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" Figure 1. Systems engineering template displaying the eight elements for evaluating a
technical approach.




1.3.2 Study Review

The study review discussed the approach used by LITCO relative to an ideal SE approach,
the validity of the assumptions made, the sensitivities of the economics o thoge assumptions, and
the quantification of qualitative parformance measures. Major findings of the sudy review are
presented below.

The ITTS and INTS studies used a systems setting to allow the upstream and downsiream
consequencas of the use of different technologies (subsystems) to be judged. In addition, fotal life-
cycle cost was used o that technologies at different stages of development could be compared
fairly. However, comparison of the LITCO studies to the generic SE template indicated deficiencies
m several areas. A review of the three snudies is shown in Table 1. It was recognized that the Jack
of a complete SE analysiz by LITCO in the three stodies was a policy decision by DOE. A full SE
review is still needed in order to finally make a decision as to which systems look the ost
promising and, therefore, which system techoologies warrant further development. The EERC
recommended that the SE steps that were not done as part of the three stwiies need to be completed.

A major shortcoming of the LITCO shadies was the lack of any recommendations about
technology selection. Owing to the design assumptions and the overwhelming operating costs, the
studies produced cosis that are essentially equivalent for all the ITTS technical options. The EERC
demonsirated that the evaluation of noneconomic performance criteria—cost sensitivity, cost
uncertainty, regulatory compliance, implementability, flexibility to handle variable waste,
operability, maintinability, availzbility, and decontamination and decommissioning—using expert
judgment and Kepner-Tregoe (KT) methods could provide the missing differentiation among
technologies. An exemple of such an analysis, wsing the KT approach, for the TTTS Phase 2
systems was carried out. The example showed that 2 weighted average performance plotied versus
cost will fikefy show clear difference berween the technologies. A thorough application of this
method was recormnended for the analysis of all developmental technologies to assist in decisions
about the viability of technology options. While the ITTS Phase 1 study initiated the application of
such an approach, it was not casried out as part of the study by LITCO for the reason already cited.
The EERC reconunends that such analysis needs 1o be performed by some impartial
arganizationfteam in order to provide more focused input to the decision-making process.

In review of the LITCO studies, the EERC identified over 1200 assumptions. Among these
assumptions, a few critical opes had major impacts on overall life-cycle costs. These major
assumptions were subjected to sensitivity analysis to determine their impacts on the overall plant
cogts defined in the stilies, Significant design conservatism was inherent in the stdies. For
example, all sysiems were designed for Category 1 seismic region construction, adding 11% to
16% o overall plant life-cycle costs. Facility operation was assnmed to be only about half fime,
adding abont 20% to life-cycle cost. Conversely, many developmental systems were assumed to be
able to perform; the penalty associated with system failure could add 5% to 10% o life-cycle cost.
The summary of the itpacts of major assumplions {with > 10% impact on FLCC) is shown in
Table 2.




TABLE 1

Review of the Approach Used in the ITTS and INTS Reports
Using the SE Template

ITTS Phage 1 ITTS Phase 2 INTS

The Customer
{Block 1)

Need, Functions,
and System

{Block 2}

Design Team
(Black 3}

Dresign Synthesis
(Block &)

Estimation and
Prediciiomn
{Block 5

Design
Evaluaton
(Bhock B

Design Decigion
Schema
{Black T}

Customer nol adequately descntmd Special interssts broader Study mach more
Cusiomer inadequately considered definition T still not responsive o
in synthesis, analysis, and representsd 5 cstomer or special interesis {i.e.,
evaluation. included in evalustion Tribal and Stakebioider

Special illl:ﬂlt?ts {excl-.-ding Tederal process. Working Group
regulatory) incidemtally [TSWE]). Tribel and
meniionzd, nok direcily public participation in
representad in vokoe of customer, each stage &f technokegy
i pare of evaloation process. assesament was de poal.

Finat repart designed io be
more understandable e
momiechnical readers,

Studizs lsck adequate system requirements and need analyses. Partinl fonctional anafysis attempied For
selection and definitinm of subsysiems. No evidence of functional analysis and subsequent afhsc-ation
aof system requitements.

No datsils provided for areas of DOE miernal revisw penel Many mernhers of shrdy
Expertise, areas of reviewed drafi report, but team tave changed.
responsibility, aod crilera for contribnions rot discussed. TSWG could indirecdy
addition 1o tcam, Larger study tearn than be considered part of

Panel of engineers for system befare. design team.
down-selecting not deseribed.

Adequate descripiion of altermative  No documemation provided for - TSWG developed list of
gystems, bl Teadequate down-selecting systems. nankechmicai <riteria e
traceabilicy o gystem assist TSWT im technol-

requirememts. Heavy reliance an agy down-seleching.
botsom-upr appreach o systom Evidence fod intorporat-
symhesis, Liede documentation ing pontechmical criteria
for selection of mosl ko dowen-selectimg not
techaologies. Documentation adeqaate.

provided far Jown-sclecting

from 12 o 10 systems.

Lacks performance scceptability criteria and larget valoes. Lacks sef of metrics bo measure mexit of

systems.

Lacks consideration for customer (special interest) input imo acceplability raeasures. All systems

presumed o meet performance requirements.
PLOC sssiitianes cabenlated wsing the sodf engiveaning

{except no consideration of ma

approach
value of money, which could impact relative costs of the gystems). Sensitivity analysis with respect

to design and operating assamptions is lacking.

Study results do net facilitate
decision making. No attempt ts:
organize and present techiical
deision cristis.

Systems qualitatively &vahuated

with respect 1 technology risk.

A quartitedive figure-of-mert

system comparison started b

not finizhed.

Systemns. qualitatively svahiied  An attemnt was made to
with respect 10 techpology
risk but using differem
¢riteria froen Phase 1.

No aternpt 1 quanticative
SYStAIn COUNATISON.

present iechnical
decisiom eriteria in an
organized (tzalar)
manner. Mo atterngd 3t
Quantitative sysbem compacison.



Table 1 (continved)

[TTS Phase 1 ITTS Phase 2 INTS

Phiysical and No discussion oo reguiabion changes and impact on syslems. Considerably more

Ecornantic The apparently Jarge technclogy database was nod adequaiely referencing of

Databases aod seferenced. wchnology database.

Ohher Studies

{Bkck 8}

TABLE 2
Sensitivity Analyses of Critical Assumptions for Selected Systems

Assumption Change in Assumption Percent Change in PLCC
ITTS Baseline

Seismic Category 1 Seismic Category 2 -15.8

S0% Waste Sorted 75% waste sorted +12.3

4032-hrfyx Operation 8064 -hrfyr operation -19.3

Minimm Shielding Moaore extensive shielding +11.3

GOCO* Operation Private operation -17.5
INTS

Seismic Category 1 Seismic Category 2 -11.7

75% Waste Soried S0% waste sorted -13.0

4032-hrfyr Operation 8064-hr/yT operation -17.0

Unit Disposal Cost $243/11¢ Assume $243 + $100/8° +10.2

Minimum Shielding More extensive shielding +12.5

GOCO* Operation Private operation -15.9

* Government-owned contractor-operated,

The conclusions of the review were as follows:

» The authors of the LITCO studies have identified anl evalyated a wealth of pertinent
mformation ¢n EM cleanup technolopies.

s These studies represent a major siep forward in the use of an SA 10 evaluating
techinologies for use in the remediation of waste sites.

» Although the SA in the LITCO siudies was done thoroughly, these studies should be
— T T-enhinced to Berter encompass a fll SE approach.

« The PLCC estimates were calculated in the appropriate level of detail using a sound
engineering approach. The only exception is that the firne value of money (i.e., the use of

j




an interest rate to discount fumre cash flows to their equivalent present value) should have
been mken into account.

« The cost-estimating factors used under the GOCO assumption and other very conservative
design assumptions (2.g., 4032 operating hours/year) resulted in PLCC estimates that
were about one-third higher than in industrial practice.

s No assumptions were found that favored one technology over another. On the conirary,
the PLCCs for all of the thermal systems were within the accuracy of the PLCC estimates,

The recommendations of the review were as follows:

« Foture such studies should adopt a consisient SE approach similar to the template defined
in this report. DOE would be well served to develop a Systems Fngineering Standard,
similar to those already in use by DOD' and IEEE,’ which would serve as the guideline
for any future SE studies.

s Noneconomic factors must be considered in a quantitative manner to gain full valae from
the analysis of system alternatives, especially those involving developing technologies that
are being considered in competition for scarce funding. An approach like that cutlined by
example in this report should be required for all such SA stdies.

s Absolute systemn costs defined in the three studies should be reexamined, with special
¢mphasis on the mujor cost sensitivities identified in this report,

+ A number of design assupptions wartant further study: 1) one facility t0 progess all
MLLW, 2) a feed of "average" waste composition, and 3) te segregation of thermal anxd
nonthermal technologies.

2.0 DEVELOPFMENT OF SE TEMPLATE
21 Purpose of SE Template

As part of the effort to evaluate the technical approach of the LITCO studies, an SE template
way developed to guide the review of three studies, the results of which are discussed in
Section 2.2, The purpose of the SE emplate was to prompt critical questions about the design
process utilized in the LITCO stdies and to enable a fair evaluation of those studies. The SE
template and the derived critical questions, however, can be universally applied to review any
proported SE study or any smdy presenting a comparisen of system alternatives.

2.2 Discussion of SE Template

Thisg section discnsses the SE template, previously presented in Figure 1, as well as the
questions and points to consider when using the template to evaluate a systems study. Each of the
eight blocks in the SE template 15 further discussed,

Y DOD-AMSC. Draft Milicary Stondard for Systems Engineering; Mil-sd-4998, Version 2.0, May 1992,
* \EEE. JEEE Trial-Use Standard for Applicarion and Management of the SE Process; IEEEstd, 1220-1994, 1995,
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2.2.I Rlock I — The Castomer

The purpose of any systemn design is to satisfy some customer and stakeholder need. The
smceess of a particular system design is ultimately determined subjectively by the customer. During
the design process, all requirernents and decisions should be made from the customer’s perspective.
Even when the customer is relatively easy to identify, the concerns of “the customer® may nof be
readily accessible. Accordingly, the customer mnest be defined as an all-inclusive entity.
Stakeholders and special interests must be represenied in “the voice of the customer” in a way that
reflects the custorner’s needs and concerns,

Whao is the customer?

& {5 the custotner fully aware and educaeed 25 10 the need for the system?

+« Where is this definiton of the customer spelled out?

* Arc customer interests generally in agrecment o in opposition to sach other?

= [f the stakeholders and special interests are generally opposed 1o certain altermatives, is
this stated?

How is the “voice of the customer” capfured?

s Can the customer make effective decisions and give valnable inpet based on the
information available? Is this concern addressed?

+ How arc the differing opinions of various interests resolved fairly?

+ Are all identified interests being represented in-the “voice of the customer? What method
is used te ensure representation?

* To what extent is information that represents the “voice of the customer” obtained ami
used?

+ What forum is used to capture the “voice of the customer”® (surveys, polls, meetings,
interviews, smdies, etc.)?

To what extent is the customer involved in decision moking?
» Is the customer directly or indirectly involved in the decision-making process?

» Wil only certain interests be active in decision-making, with the remaining intarests acting
as reviewers?

* Who defines the relationship between decision-making interests and reviewers? Is this
made ¢lear?

+ What is the purpose of the studies? If the purpose is to evenmeally facilitate a decision
about 4 preferred alternative systern design, then is the audience considered?




It the definition of the customer taken into consideration; i.e., who they are trying to
satisfy when presenting the alternarive systems?

+ [n which decisions does the customer participate {decisions at each major milestone, each
design change, or when large costs are involved)?

» What weight is given to each interese?

« I3 this weighting process relatively more munerical or more subjective in nature?
* Who determines these weights (formally or informally)?

+ [3 this relationship between the study preparer and all represented in the “voice of the
customer” clearly defined?

Are the studv decisions traceable to the customer?
+ To what extent are the alternarive system designs and decisions tracezble 1o the customer?
o Is sufficient raceability ta the customer provided?

o [f the *customer” definition is not fully understood ac the design level, what criteria are
used to synthesize system alternatives?

2.2.2 Block 2 - Need, Functions, and System Reguirements

The SE approach stems from the identification of a need that develops as a result of a
problem or deficiency and the subsequent desire for a system of some type. From the identification
of a given need, one must define the basic requirements for the system i terms of input criteria for
design. The need andd requirements for operation should be clearly defined before problem solutions
or system configurations are propossd. Definition of system requirernents should include mission
definition, performance and physical parameters, use requiraments, deplovment and distribution of
the system, operational lifs cycle (horizon}, effectiveness factors, and definition of the operational
environment. Additionally, any definition of systetn operational requirements shoald originate with
the defined customer requiremenis.

Arrow A in Figure 1 illustrates the enstomer inputs to the need definition and requirements
specification process. The "voice of the customer® should be the basiz for all system requirsments.
Poorly defined customer requirements or an unclear identification of the customer can lead to a
system that either does not satisfy the need or contains superfluous requirements. The definition of
the system at this point is purely from a functional viewpoint. The objective is to captore what the
gystem's overall mission is in a functional sense, At this point, designers should avoid overly
consiraining the desigo and should also resist the mptation (o jump to the physical maaifescation
of these requiremenns.

What are the customer requirerments?
¢ Are all requirements from the customer point of view defined?
= Is the functional nature of the system specified?




Are all the requirements related to the functional objective of the system?

Which requirements are not required to achieve the mission objective? Each requirement
must be related functionally to the mission objective.

Are the customer requirements described in a functional sense? How well are the
requirernents addressed?

Are the requirements presented 5o as 1o emphasize the main requirements and those that
will drive the design the most?

How are the requirements obtained?

Is an acceptable method used 10 extract the requirements from the customer and ensure the
completeness of the set of requirements?

Are the requirements analyzed 1o deterrmine whether they were appropriate and
functionally correct?

Are any inconsistencies or problems with the customer requirements poiated out?

Are the needs/desires of the customer, inchuding stakeholders and special interests, fully
represented in qualitative or quantitative terms?

How ure thege needs/desires incorporated into the given requirements?

How are customer requirements transiated into system requirements?

Is it shown how system alternatives meet customer requirements from an operational and
functional perspective?

Is a set of derived system requirements, taken from or translated from the customer
requirements, presented?

Iz a functional analyzis of the system requirements presented?

Are functional flow diagrams of the system generated amd presented?

Are system requirements traceable to the original customer requirements?

Are performance parameters/requirements such as process rates, systern environmenital
impact, safety, effectiveness, etc., adequately defined and quantifiable measures
determined?

Are the operational environment requirements well defined?

Are the operational environment requirements sufficient, or are there other questions that
nead to be answered?

Are the operational environment requirements just assumptions, or are they actual
requirsments?




Dy the requirements reflect a systems and life-cycls engineering point of view?

+ Do the requirements consider a time frame for design and development to allow for new,
emerging lechnclogy refinement?

» What is the tine frame for design and development?
s What life-cycle herizon is used for planning?

o What are the avaitable skill levels for operation, maintenance, support, decontantination
and decomimissioning (D&D), and dispesal?

* What role do maintenance and sapport factors play in the defined system requirernents to
the extent that they influence performance of tye system?

« Are D&D and disposal of the actal system itseif considered in the requirements?
« Do the stadies consider other life-cycle elements such as mamtenance and suppore?

« Are operational and functional requirements the same for all system alternatives? The only
way to ensure a fair comparison is by maintaining consistency in requirements.

2.2.3 Biock 3 - Design Team

The selection and gualifications of design team members are of utmost importance. It is not
encugh to have only technological expertise on the design team that relates to the stated need or
deficiency represented. A design team that seeka to create a system using systems or life-cycle
engineering methodology must have adequate representation from SE as well as chemical
engineers, operations engineers., actal users of the system, and others. A design team that is one-
sided in its makeup will tend to produce candidate systems that are likewise one-sided. That is, the
design will tend to focus too heavily on prime mission equipment and neglect elements such as
support, environmental factors, reliability/availability, and disposability. The design team must
have representatives for each of the life-cycle elements that are comtained in the set of system
requiremments. A diversity of perspectives on the design team facilitates consideration of all aspects
of the system life cycle. Arrow B in Figure 1 represents a relationship between the set of system
requirements and the selection and makeny of the design team.

What are the qualifications and expertise of the design team members?

+ Are the smdy design teams appropriately staffed?

« Are all design members qualified for their specific aspect of systemn desiga?
+ |5 the number of team members appropriate?

& Are there too many or too few design members representing a particular aspect of system
design on each team?

= Does cach of the requirements in the life cycle of the systein have a representative on the
design team?




+ I3 the makeup of the design team presenred and justified, along with each team member’s
responsibilities?

s Are a variety of system aspects represented?

What method was ased to select this design team?

+ ‘YWhat are the minimum qualifications aml system elements represented on twe teams?
s Iz the makeup of each design team consistent?

Are various aspects of the life cycle representad on the design team?

» Do degign teamns inchule transportation expertise, support expertise, systems engineering
expertise, etc.?

Are the moiivations/desires of the design team(s} members/voniraciors censistent with that
of the customer?

+ Are the concatns of the customer adequately represented on the design teams?
+ How is the custormer represented on the design ceam?

* [Is how the customer perceptions and opinions were preserved and used by the design
teams discussed?

= Are teams similar in makeup such that meaningful comparison of altematives can be made
berween multiple design icams?

* Are consistent design taam approaches used? If not, are the differences known and
understaod so that the alternstive systems from multiple studies can be evaluated fairly
against one another?

2.2.4 Biock & - Design Synthesis

Once a design team and the system operational and functional requirements have been
defined, synthesis of various system design alternatives can begin. Depending on the particular
phase of systern design, desigh symthesis can consist of techoology al system concept
identification (in the case of conceptual design) or can be as detailed as compiling varicus designs
for a particular piece of hardware at its most specific level. The objective is to sufficiently describe
a number of feasible design alternatives so that analysis and subsequent evaluation and decision
making can occur. Design synthesis is 2 mghly subjective and creative process that relies on expent
knowledge and state-of-the-art technology kdentification to synthesize alternative designs. The
expert knowledge and experience that is utilized comes from the knowledge and experience of the
design teamn membeis ag represented by Arrow C in Figure 1, The preconceived notions of design
teamn members abwat the nature of the system design must be recognized and questioned when
proposing candidare systems.

The candidate system syntbesis is driven by a top-down functional definition of the need as
well as 2 bottom-up definition of the set of available technology and system elements. Arrow B in

I
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Figure 1 represents the input of the two different (but complementary) approachies to sysiem
design. It is important to note that the description of each alternative must include system factors
and elements other than just the prime process or equipment. Adequate definition of each system
alternative ronst allow for life-cycle analysis and evaluation to reflect the set of determined system
requiremnents. Arrow E in Figure 1 highlights the defining role that the system requirements play m
the synthesis of candidate systems.

How are the various alternaiives selected?

»

-

Are all reaspnable alternatives being explored?

What resources are the design teams using o arrive at each alternative?

Age the methods and sources for the selection of the various alternatives revealed?
Are the alternatives all existing designs or techoologies?

Are new, emerging technologies explored?

Does the design effort rely too heavily on either the bottom-up or top~down approach?
Baoth approaches should be utilized in the design synthesis process to ensure a mix of new
ideas with proven processes.

Does the statement of work ot desipn teamn makeup bias or exclude ctherwise reasonable
desigo alternatives from consideration?

Is the exclusion of design alternatives documented?
Do the design teams sofficiently document the origination of each system aliermative?

Are reasons given for including the candidate system for consideration?

Are alternative selection methods based on stated customer and systert requirements?

If any short listing or exclusion of alternatives occurred., is the justification based on
customer and system requirerments?

Does each of the alternatives fit with the siated requiremenss?
Are the criteria given for selecting candidate sysiems?

Age the selection criteria representative of the entire life cycle?
Who makes the decision on seloction criteria? '

Are each of the alternatives traceable to some or all of the requiremenis stated?

Are the alternatives defined well enough thut meaningfil analysis and evaluation can
occur?

Is the set of zlternatives defined well enough that some sort of analysis and evaluation can
be made?




»

database

the merit

By

Are all alternatives comparable?

Are the alternatives fully defined from 2 life-cycle and sysiems perspective?

Is sufficient lifecycle information included to estimate and predict parameter values and to
evaluate life-cycle cost?

Does the life-cycle information include at least preliminary ideas about how logistical
support, operation, training, maintenance, etc., will be accomplished?

Can these life-cycle considerations be used as analyses and evaluated against one another?

1s cach of the alternatives able to be analyzed and evaluated fairly on an equivalent basis?
Is each of the alternatives defired consistently with the others?
2.2.5 Block 5 - Estimation and Prediction

After a set of candidate systems has been synthesized, each alternative most go through a
process of estimation and pradiction. Cost and effectiveness measures are generated for these
alternaiives using established criteria. This SE activity's purpose is o estimate and predict design-
dependent parameter (DDFP) values for each alternative. Estimation and prediction rely on models
and sirulations to predict parameter values. These models and simulations are based on
assumptions, physical laws, and empirical data. Arrow F in Figure 1 vepresents this available

of physical and economic factors, as well as existing components, parts, and subsystems.

These parameter values provide a basis for comparizon with established design criteria to determine

of each alternative. Alternatives that are found to be unacceptable from a performance

perspective can be reworked and new alternatives created. Those alternatives that meet all or the
mast important performance criteria ¢an then be evaluated based on life-cycle costing
methodologies.

What are the basie asswinptions inhierent in each estimafion/prediction?

Are gach alternative's DDP values estimated using a consistent set of assnrmptions?
D these assumptions match the assumptions stated in the requirements?
Are assumpdions too heavily redied on? What are these assumptions?

Are the models used to estimate values for one alterpative consistent with models gsed on
other alternatives?

Are the assumptions valid? Are they necessary? What overall impact do they have?

Are the estimates derived from these assumptions important enough to canse possible
decision reversal? If so, more work might be needed.

what means do we consider an alternative's performance acceptable?

What constitutes minimum or acceptable system performance? There must be some
minimum standard of performance to achieve.
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Are the acceptable performance criteria presented?
Are any of the candidate systems not picked for consideration explained?

When an afiernative fails to meet performance critena, are the deficiencics and areas for
improvement idemtified?

Are all alternatives held to the same level of petrformance criteria?

How are nonquantifinble parameters hundled?

I3 some means provided for determining the *worth” of an alternative design with respect
to qualitative parameters such as public confidence, case of use, etc.?

Are the qualitative parameters and methods used for determining the “worth” of an
aleernative design acceptable to the customer? Since thesze qualitative measures are
subjective, care must be taken o capture the opinions of the cuskomer,

Where are the qualitative parameters discussed? How are they to be handled?
2.2.6 Block & - Design Evaluation

{Fiven that a set of alternatives minimally satisfies a set of performance criteria, a decision
must be made berween the alternatives. In order to do this, the cast-effectiveness of the designs
needs to be evaluated. As a start, the life-cycle cost of each alternative is determined based on the
estimation and prediction activity just completed. Only after performing a life-cycle cost analysis
can a decision be made about the preferred altermative(s). Arrow G in Figure 1 indicaies the passing
of the estitnation and prediction results, the DDP values, 1o the evalnation step. The entire life
cycle “inception to disposal” must be considered in the life-cycle cost analysiz. Some methodology
miust be utilized 1o estimate {ife-cycle cost. The cost breakdown structure (CBS) needs to be
developed and used for each alternative. It should be obvious from the CBS whether a life-cycle
approach to cost estimation is applied. Also, the time value of money principle mnst be applied.

What is the definition of the system's lfe cycle?

»

Is each phase of the life cycle considered?

Es a life-cycle model presented?

Is a description of the life<cycle cost elements present=d?

Are all aspects of the system represenied in the life-cycle model?
Is the life-cycle cost estimation procedure defined?

Are all system elements, i.¢., support, opération, maintenance, disposal, raining, etc.,
represented in the life-cycle definition andfor CBS?

By what means iz the Hfe-cvcle cost calenlated?

* What method is used to calculate life-cycle cost? (activity-hased costing, CBS, etc.}
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15 this method otilized consistently over the entire life cycle and across alternatives?
+ What assumptions are made that affect life-cycle cost calculations?

+ [s the effect of the assumptions on decision reversal examined?

* Which ¢ost assurnptions ars critical enonagh, to wartant futther sudy?

* Are any assumptions, technologies, vague requirements, eic., for further investigation
reported or identified? Identification of critical assumnptions and others is a fumdamental
part of the SE process, especially at the concepmal design level.

» What interest rate, tax rate, depreciation rate, etc., is considered?

+ Are rent versus bay options defined as mumally exclusive alternatives? If not, design
synthesis should be revisited and these alternatives considered.

2.2.7 Biock 7 - Design Decision Schema

Afier each alternative has been evaluated with respect to life-cycle cost, a decision can be
made as (0 the preferrad alternative(s). Given the variety of opinions represeated by the cusiomer
and the mumber of decision criteria the customer will have, choosing a preferred alternative is
usually not a simple matter of picking the least expensive design. Customer opinion and perception
play a large role in this subjective decision-making process. Based on the definition and input from
the customer about what is desirable in the sysiem, a decision evaluation can be made. These
design criteria are derived from the set of customer and system requirements and are represenced by
Arrow H in Figure Y. This process of weighing multiple decision criteria against life-cycle cost is
mostly subjective. The decision maker rust now irade off life-cycle cost against other decision
criteria subjectively. These parameter values are passed from the evaluation step along with DDP
valoes, as seen i1 Arrow §. The result is one or mare preferred alternatives that can be used to
continue the design process to a more detailed level. These preferred alternatives are always
ultimately judged by the customer. Arrow J sbows the preferred candidate system being returmed
for review by the costomer.

What method will be used to facilitate the decision-making process?
+ Is the decision-making process facilitated by the work done to this point?
s s the study comstructed o facilitate the decision-making process?

# Is the ultimate goal to present many altermatives for a decision by the customer? Or is the
objective of the stmdies to select a preferred candidate cystem or set of candidate systems
with which to proceed?

o Are all design decision criteria identified and estimation and prediction completad?
¢ Do the decision ¢riteria trace back to thye customer requirements and concerns?

« A the atteﬁmﬁve systems developed, analyzed, and evaluated in encugh detail so that a
decision can be reached, or are the systems evaluated in a maoner that does not allow for
a decision to be made?




If the designs are not evaluated well enough, are reasons given?
» Are areas for funther snady identified before a decision can be mada?

+ Should the decision be made to continte with multiple designs vntil a better evaluation can
be dote? What is reported?

+ s the customer, as defined, a major participant in the decision-making process?

= What assures that the “voice of the customer® is represented in the decision-making
process?

What are the established decision eriteria and thresholds for each?

« Are the decision criteria amd theesholds that define the goals and opinsons of the decision
maker documented?

s Do the selected criteria adequately reveal the deficiencies and differences between
alternatives?

+ Are there any customer concerns or opinions that are not addressed that are necasgsary to
satisfy the customes? If so, then requirerments and criteria muwst be added to the design
process to correct this deficiency. '

= [s the design, synthesis, analysis, and evaluation process iterative in nature?
How were the decisions reached?
¢ [s there traceability within the decigion-making process?

s [s traceability provided in decision making? How are longer lists of candidate systems
shoriened? Where are the criteria for selection?

»  Are the decisions documented with the appropriate reasoning and criteria values?

# [f the decision makers are not the customer, how ar they held accountable o the
custormer?

+ How does the customer have input to the decision-making process? Is this role
documented? .

= Are the decisions made on a fair or equivalent basis?
2.2.8 Block 8 - Physical and Economic Databases and Other Studies

This block represents a resonrce for the SE process rather than ap actual step int the process
flow. There exists a body of knowledge that engineers, econoenists, 2nd scientists rely on to
perform analyses and evaluations. This body consists of known physical laws, empirical data,
econemic ferecasts, and other studies. It also comprises those existing system components, parts,
aid subsystemns that have resulted from previous design efforts. This body of knowledge is great,
To what extent it is utilized is a concern in SE. It is very eagy in the design of a complex system 1o
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"reinvent the wheel." Reuse of existing systems and components is encouraged in the SE process.
This body of kmowledpe and experience is wtilized more informally than in a formal sense, There
are, of course, useful formal treatnents of this body of knowledpe.

To what extent is reuse encouraged and past experience depended on?

s Are all system components “new" designs, or do the selected alternatives build upon
previously proven technologics and designs?

= Are uses or reliance on past efforts documented?
+ Are uses of past designs arxl work appropriate for this design effori?

s s justification provided for use of past designs? Or, should mors attention be devoted to
new design work?

¢ Are areas and potential for future and needed research and development identified?
Where do assumptions made during the SE process originate?

» Do assimptions macde in estimation and prediction have a basis in fact or in theory?
« Are there sufficient siudies or data o support such assumptions?

»  Are economic factors, L.e,, nterest rates, tax rakes, depreciation, ete,, forecast using
sound] aconomic principles?

+» Where estimation ocours, are the appropriate assumptons consistent with the alternative
design?

What effect dees this bady of knowledge or expert knowiedze have on the alternative
selection and decision-making process?

+ Does the body of expert knowledge bias the alternative selection hy the design team?
» What criterta are used to make decizions about selected alternatives?

s To what extent is engineering and expert judgment relied on to provide amswers or
estimates of design parameters, and is this decurnented?

» What effect do these assumptions have on decizsion making, and are they adequately
explored?

+ Are decisions based on the estimation, pradiction, and evaluation activities or solely on
engineering judgment, and are these decisions documented and justified?

3.0 SA TOOLS DEVELOPMENT
3.1 Process Simulation as an SA Taol

Systems analysis, defined as the pradiction of system petformance (e.2., cperating cost) and
evaluation of the performance based on defined criteria, can be facilitated by the utilization of
computer sunmiation or modeling, As paxt of the systems analysis efforts, the EERC performed

|
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limited evalrations of two process simulation software packages. The ASPEN FLUS v9.3 by
AspenTech and PRO/II v4.0 by Simulation Sckences Inc., are similar in many respects. Both offer
a relatively convenient interface between the user and the modeling package with guidance to
ensure that all necessary information is previded. They are capable of performing essentially the
same wvnit operations. Their thermodynamic and physical property data sets are both extensive,

The two packages do have some significant differences. ASPEN PLUS runs in a DOS
envirenment and PRO/IT is Windows-compatible. ASPEN PLUS is able to deal with ¢oal as well as
proximate and ultimate analyses and particle-size distributions where PRO/ cannoi. Economic
evaluations of a modal can be done by ASPEN PLUS but not by PRO/IL. ASPEN PLUS is capable
of performing automatic sensitivity apalyses with graphical representation of the results. The
comumercial copy, I-year lease for PRO/ with PROVISION interface costs 515,000, while a lease
for ASPEN PLUS with the same provisions costs $30,000,

Process simulation using either ASPEN PLUS or PRO [I is imitiated by:

+ Drawing the process flowsheet using icons representing unit operations and lines
representing streams

+ Defining the components that will be found in the streams

»  Selecting the thenmoedynamic methods that will be used in the simulation
» Defining the convpogitions and flow rates of feed streams

+ Specifying unit operation conditions.

When the model is completed, the simulation is run. Using physical property and
thermodynamic data, the software will calculate compositions and conditions of product streams.
The model can then be adjusted to betier emulate actual operating data or to achieve desired results.
Parametars can be changed and the simulation run again. A sensitivity analysis can effectively be
performed to determine the effect on process performance of an independent operating variable.
Similarly, a design specification can be attained by manipulating any specified independent
variable.

With necessary information supplied, ASPEN PLUS can calculate equipment costs, capital
COSts, operating costs, and profitability, with each step building on the previons one. To calculate
equipment costs, design type, material of constimction, and mumber of each piece of equipment
must be specified, Also often necessary will be defimition of process conditions, equipment
dimensions, and values of constants for design equations. The estimation of fixed capital costs
requires a project start date. Other factors such as purchase date, production date, interest rate, and
labor and overbead ¢osts ¢an be defined by the user or left with default or inferred values. To
estimate operating costs, utility costs, prices of raw materials, and operating cost data st be
provided. There are fhree options available when performing a profitability analysis. These are
based on initial product selling price, interest rate of return, or net present value of the project.
Whichever option is chosen, product prices, estimated start-up costs, estimated working capital,
and plant life mwst be defined.



3.2 Application of Process Simulation for Economtic Analysis

A method for removal of organic contamninants such as fuels and pesticides from soil was
developed by researchers at the EERC. The process was seen to offer possibilities for soil
remediation at smaller, highly contaminated sites. However, before development work on the
process was allowed to preceed beyond the bench-scale, two determinations had to be made. The
first was whether or not the process could be expected to be economically viable, If the process
conld not compete with existing remediation methods, continued development would ofier Little
benefit. Secondly, if the process were found to be competitive, identification of parameter(s) with
the potential to significantly impact tse economics of the process would be most useful. Research
directed at better determining the limits and effects of an important parameter would provide the
greatest benefit for time and mosky spent. Improved knowledge of the process would also allow a
mre accuraie econocimic evaluation of the sysiem as a whole.

Process modeling using ASPEN/PLUS™ was employed to geperate the economic
information needed to facilitate the gofno go decision. Experimental data as welf as several
assumptions were provided by the researchers to describe the process as it wag expected to function
when scaled up. The profitability analysis of the modeled process found that, ar the proposed
processing rate of 200 pounds per hour, the cost per unit of soil processed was not competitive, As
the primary contributions 1o cost were capital equipment and operator time, 2 more likely
commercial scale rate of five tons {10,000 pounds) per hour was proposed and evaluated. At this
processing tate, the process was indicated to be competitive with remediation processes imdended
for the same purpose.

As the process was apparently competitive, four process parameters that would probably vary
within expected ranges were evaluated for effect on profitability. Sensitivity apnalysis indicated that
2] of the parameters chosen did affect the cost per unit Gf soél but, in the ranges evaluated, none
individually made the process noncompetitive. One of the parameters was found to have a larger
impact on operatmg costs than any of the others. Greater understanding of the actwal range of this
parameier would be the most important direction of further research. Two other parameters that
had a lesser impact on costs were believed to be able (o affect the most important parameter. They
must also be looked at for their own effects and for their potential effects on the range of the most

important parameter,
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EXECUTIVE SUMMARY

This report analyzes three systems analysis (SA) studies performed by LITCO on integrated
thermal meatment systems (ITESs) and integrated nonthermal treatment systems (INTSs) for the
remediation of mixed low-level waste (MLLW) stored throughout the 1.5, Deparment of Energy
{DOE) weapons complex. The review was performed by an independent team of nine researchers
from the Energy & Environmental Research Center (EERC), Science Applications International
Corporation (SAIC), the Waste Folicy Institute (WFPI), and Visginia Tech (VT). The three studies
reviewed were as follows:

» Imegrated Thermnal Treamment System Study, Phase 1 - issued July 1994
s Imegrated Thermal Treatment System Stedy, Fhase 2 - issued February 1996
» Inteprated Nonthermal Treatment System Study - drafted March 1996

This analysis was performed under Cooperative Agreement DE-FC21-94MC 31388 for the
DOE Morgantown Energy Technology Center. The purpose of this review was to 1) determine
whether the assumptions taken in the studies might bias the resulting economnic evaluations of both
thermal and pontherinal systems, 2) identify the critical areas of the studies that would benefit from
further investigation, and 3) develop a standard template that could be used in future stedies to
produce sound systems engineering (SE) applications.

The three smdies evaluated were all commissiored by DOE o be SA studies of
Environmenial Management (EM) systems. Noretheless, they were reviewed to see how far
beyonkl SA they went along the road toward being full SE studies. To that end, a common
framework or tempiate for SE was developed and used to examine the three studies and evaluate the
validity and completeness of the approach taken in ¢ach. This template is shown below
{Figure ES-1).

O 1O Needs, Functions, and
A Systern Requiremants
@ *= 3 e2 4 vE T
G Dasign Design T? Design E
U Decision Team Synthesis | D H
g Schama N
Gandidate Systema R
5‘ o O—— O g
M Design | TEstimation/ c D
£ I'| Evaluadion |” & | Prediction G
I
" o T §
J 4 Physical and Econamic
[*Erararad Databasaes and Other Studies
Candidate Existing Componanis,
Parts, and Subsystems J——

Figure ES-1.  Systems engineering template displaying the eight elemenis for evaluating a
technical approach.
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The ITTS and INTS reports represent a great stride forward in the use of a systems approach
to the evaluation of waste remediation technologies. Not only were technologies put in a systems
sefting so as to allow vpstream and downstreamn consequences of the use of the fechnologies to be
judped, but total life-cycle costs were used, so that technologies at different stages of development
could be compared. But, it should be recognized that a full SE review is needed in order to finally
make a decision as to which systems lock the most promising and therefore which (sub)systems
warrant further development. 3o, whichever SE steps were not dong as part of the three stadies
need to be completed to “finish the job.” The review of the three studies in relation to the template
is shown in Table ES-1. When reviewing Table ES-1, it should be kept in mind that LITCO (for
the very valid reason of potential conflict of interest) was specifically prohibited from carrying its
analysis to the point of making recommendations as to which remediation technologies were the
best. So the lack of a complete SE anatysis by LITCO in the three studies was a direct result of a
pelicy decision by DOE.

The three studies aimed to develop life-cycle costs of various technical approaches o
remediating MLL'Ws. Design assumptions used in the studies produced costs that are essentially
equivalent for all the technical options, thus limiting the usefulness of the cagut in decision making
about the development prospecis for the technologies being comsidered, The evaluation of
noneconomic performance criteria—cost sensitivity, cost uncertainty, regulatory compliance,
moplementablity, flexibility to handle variable waste, operability, maintainability, availability, and
decontamination and decommissioning—usimg expert judgment and methods such as dwe
Kepner-Tregoe approach, ¢ould provide additonal differentiation among technologies. An
example of such an analysis for the ITTS Phase 2 systems was carried out, and is given in
Appendix I. The example shows that 5 weighted average performance plotted versus cost will
Iikely show ciear differences between the tachnologies. The example in Appendix [ is given to
demonstrate the methodology and should not be taken as definitive, because only a fraction of the
important performance measures were used in the analysis, only one engineer evaluated the various
performance measures, and only the ITTSPhase 2 systems were evaluated. A thorough
application of this method is recommended for the analysis of all developmental technclogies o
assist in decisions about the viability of technology options. While the ITTS Phase 1 study initiated
the application of such an approach, it was not carried ouwt as part of the study by LITCO for the
reacon already cited. This analysis needs to be performed by somwe organization/team in order to
provide more focused input to the decision-making process,

Witin the life-cycle cost analyses on the ITTS and INTS, many design assumptions were
necessarily made to develop the final results. Gver 1200 assumptions were ilentified in the review.
Among thess assumptions, a few critical ones had major impacts on overall life-cycle costs, These
major assumptions have been subjected to sensitivity analysis to determine their onpacts on the
overall plant costs defined in the stodies. Significant design conservatism was inherent in the
studies. For example, all systems were designed for Category 1 seismic region construction,
adding 11 o 16 percent to overall plant life-cycle costs. Facility operation was assumed 10 be only
about half tirme, adding about 20 percent to life-cycle cost. Conversely, many developmental
systems were assumed to be able to perform; the penalty associated with system failure could add 5
io 10 percent to life-cycle cost. The summary of the impacts of major assumplions (with > 10
percent impact on planning lifecycle costs [PLCC]} is shown in the following table (Table ES-2}.

The conclusions of this analysis are as follows:

+ Fure such studies should adopt a consistent SE approach similar to the template defined
in this report.




TABLE ES-1

Review of the Approach Used in the ITTS and INTS Reporis

Using the Systems Engineering Template

| JTTSPhasel )  FTTSPRese2 | INTS
The Custonuer oot adequatsly described. Special interests broader in definition | Stody mwch more
Castomer Crostomer inadequately considersed in but STl nod represented A% cutomer Tesponsive ta
{Block 1} symihests, anabysis, and evalustion. o cluded in evalumion process. special interess (i.e.,
Special inzrests (eocheding federal Tribal and Stakehalder
regulatory) incidemelly mentioned; not Wotking Group
directly represented in woice of [TSWG)). Tribal and
CUSTMTIAL: 0L Part of evaleron public parciparion n
Process. each sage of echaology
assesaned was e goal,
Finad report designed
be muore widarsemdable
—_ 1o nomechmical readers.
Need, Snudies lsck adecpiate recquitentents 2nd peed analyses,
Functions, Partial funciiomal anakysis atemped for selection amd definiion of sibaysiems.
and System Na evidence of Aimcronal analysis and subsequent allocanian af syscem require moas.
Fedquiremesnts
{Block 1)
Design Team | Mo dewils provided for areas of DOE internal review panel reviewed Many members of stody
(Block 3) experniise, arsas of respopsibility, draft report, bul contzibueoss not 1eamn have changed.
<riteria for addition to team. discussed. TSWG could indirectly
Panel of engineers for system down- Laiger study taaie Han bafore. be considered part of the
selecting oot described desige eam.
Design Adequate description of ahemative TN GoImEDKation provaded for TSWG developed list of
Synthesis systems, b inadequabe traceability 1o | down-selecting systems. peniechnical criceria to
{Black 4 SYsbeTh POqIIPEEORS, assist TSWG in
Heavy reliance on bottam-up approach technelogy down-
for system symhasis, selecring,
Liule documentation for selecion of Evldence for
met technclogies, incorporating
Documemation provided for down- noitechmical riteria inbe
selecting from 12 o 10 systems., down-selecting e
adequaie.
Estimation Lacks performance accepdability criteria and warget values. Lacks set of matrics (@ measure merit of systems.
and Lacks consideration For customer {special interest) inpu fme acosprability measures.
Prediction All systems presumed o meed performance requirements.
| (Block 5)
Design PLOC estirnates cakculated using te sourd engineering approach {except oo consideration of omes vatue of
Evaluation money , which coutd impact refativve costs af the systems).
(Block &) Fensitivity avalysis with respect 1o design and operating assumptions i3 Jackimg.
Desigh Study results do oot faciliate decisiom | Sysiems qualitatively evaluated with | AD abtermyx Was made b
Drcision making. respect to techoology rick bt vsing present technical decision
Schema N abiempt 10 ofganize 300 present different criteria from Phase 1. criecria in an crganized
(Ble<k 7} technical decision criteria. N altempt ¥ quapditative system (tabolar) manmer.
Systems qualitatively evaluaied with cormparison. No atizmpd a5
respict b0 wehnology risk. quantilative syste
A quantitative Figore-of-meril ystem COMPAricon.
compasican stanked birt ol finiched.
Physical and | Ne discusséon on regulation changes and impac on (he systems. Considerably more
Economic The appacently large techmology database was not adecuately referenced. referencing of techmology
Dalabases daiabass,




TABLE E5-2

Sensitivity Analyses of Critical Assumpiions for Selected Systems

ITTS Baseline
Assumpiion Change in Assumption Percent Change in PLCC
Seismic Category 1 Seismic Category 2 -15.8
50% waste sorted 75% waste sorted +12.3
4032 ht/yr operation 8064 hr/yr cperation -19.3
Minisum shielding More extensive shielding +11.3
(GOCO* operation Private operation -17.5
INTS

Seismic Category 1 Seismic Category 2 -11.7
V5% waste sorted 50% waste sorted -13.0
4032 hriyr operation 8064 hr/yr operation -17.0
Unit disposal cost $243/f Assume $243 + $100/4° +10.2
Mimimum shielding More extensive shielding +12.5
GOCO* operation Private operation -15.9

* Govermment-owned-contractor-operated.

» Noneconomic factors must be considered in a quantitative manner to gaig full value from
the analysis of systern alternatives, especially those involving developing rechnologies that
are being considered in competition for scarce funding. An approach like that ontlined by
example in this report should be required for all such sysiems analysis studies.

® A {relatively small) nomber of assumptions were found that bave major impacts on the
PLCC. These assumptions should be raviewed by the whole design team and/or an
independent peer raview panei to ensure that they are the most reasonable assumptions at

this point in time.

* Some design assumnptions were very narrowly defined to allow for the initial analysis.
These assumptions need to be reevaluated to ensure that final analyses are applicable to the

real world.
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ABSTRACT

This report contains a review and evalvation of three systerns analysis stadies performed by
LITCO on integrated thermal freatment systems and integrated nonthermal treatent systems for
the remediation of mixed low-level waste stored throughout the U.S. Department of Energy
weapoens complex. The review wag performed by an independent team of nine researchers from the
Energy & Environmental Research Center, Science Applications International Corporation, the
Waste Policy Instinue, andl Virginia Teck. The three siudies reviewed were as follows:

* Integrated Thermal Treatment System Study, Phase 1 - issued July 1994
» Integrated Thermal Treatment System Study, Phase 2 - issued February 1996
¢ Integrated Nonthermal Treatment System Study - drafted March 1996

The purpose of this review was to 1) determine whether the assumptions of the studics were
adequate to produce an unbiased review of both thermal and nonthermal systems, 2) 10 identify the
critical areas of the studies that wounld benefit from further investigation, and 3) to develop a
standard template that could be used ity fatere studies to assute a seund application of systems
engineering.




REYIEW OF THE INTEGRATED THERMAL
ANDP NONTHERMAL TREATMENT SYSTEM STUDIES

1.0 INTRODUCTION

1.1 Background

The U.S. Depariment of Energy {DOE) Environmental Management Cffice of Technology
Development {EM-5P commissioned Lockheed Idaho Technologies Company/Idaho National
Engineering Laboratory (LITCO/INEL) to carry out a series of stdies o evaluae system
alternatives for treating contact-handled, alpha and nonalpha, radicactive mized low-level waste
{(MLLW). The MLLW within the DOE complex comprises various organic and inorganic liquids
and solids contaminated with radioactive wastes and Resource Conservation and Recovery Act
(RCRA) metals. The systems are intended to destroy the organic materials and stabilize the
remaining matenial, inchiding radioactive wastes, for long-term storage. The purpose of LITCO's
systefnatic engineering evaluasion of 2 variety of MLLW treaunent system altermatives was to help
DOE in the prioritization of research, development, and demonstration activities for remediation
technologies. The reports resulting from these studies are listed below:

s Integrated Thermal Treatment System (ITTS) Smudy, Phase 1 - issued July 1994
¢ [Integrated Thermal Treatment System (ITTS) Snudy, Fhase 2 - issued February 1996
s Integrated Nonthermal Treatment System (INTS) Swudy - drafted March 1995

This report provides a review of these three studies o farther aid DOE in its catrent and
future decision-making processes. Since a systerns engineering (SE) approach is ultimately needed
for systern design, and the LITCO studies are a large part of the whole evaluation process, the
methodology in the stwdies was compared o a sound SE approach. This was done 10 help DOE
determine which tasks still need to be accomplished to complete a thorough design/review.

1.2 Objectives

The goals of this review were 10 provide DOE with the necessary information to determine
whether a more detailed review of the LITCO studies is warranted, to identify the areas of the
studies that would warrant future atention, and to highlight tasks that would complement the
LITCO saudies to form a thoraugh SE evaluation.

To achieve the above-mentionad goals, the following objectives were ientified:
1} determine whether the assumptions of the reports were adequate to prodoce an unbiased review
of thermal and nonthermal systems, 2} to identify areag of the snedy that could be
expanded/enhanced to produce a better decision-making product, and 3) provide a template to guide
future SE studies.

The specific issues outiined by the DOE Morgantown Energy Technology Center to be
included within this review were as foliows:

* Review facility designs as wel] as engineering and operating assumptions
[
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» Review cost estimation methods, bases, and assumptions
» Evaluate uncertainty of assumptions

* Review submodels for both baseline and alternative technologies io assess sensinvity of
planning life~cycle costs (PLCCs) to the assumptions

s Determine which assumptions were critical in determining PECCs for a gwen technology
and which were criticat to the relative technology rankings

& Review the systems engineering/systems analysis approach for potential improvements,
1.3 Review Process and Report Conient

This review was conducted by a team of nine individuals employed by four different
organizations {the Epergy & Environmental Research Center [EERC], Science Applications
Iernational Corporation [SAIC], the Waste Policy Institme [WPT], and Virginia Tech [VT]). The
review evaluated the data and foxlings in the three study reports and performed limited spreadsheet
calculations to aid in detérmining economic sensitivities and performance measures,

This review was initiated in late April of 1996 and concluded approximately 8 weeks later.
Because of the extremety short time line, further review of the LITCO smdies and further analysis
of thermal and nonthermal treztment systems is recommended.

This report covers two primary topics: a description of 2 technical approach to SE and a
review of the ITTS and INTS studies. The technical approach section presents a recommended
temptate for future SE studies to ensure more consistent, traceable, and rank-classified results. The
review section comtains specific comments on the LITCO studies reviewed. It was the anthors’
intent t> produce an easily readable version of the review by relegating the lengthy discussions on
approaches and assumptions to the appendices.

2.0 SYSTEMS ENGINEERING APPROACH

Systems sngineening is 4 management ool that provides a framework for decision making in
planning, impilementing, and controlling the development and application of new technologies. A
recommended SE approach is outlined in detail in Appendix A and discussed briefly below,

The SE approach is a Jogical implementation process that compares alternative system
designs agatnst input requirements by means of a top-down functional analysis. The resuiting
synthesis can be continnously evaluated for adequacy. Decisions are made on recommended
solutions, which can become input for subsequent cycles of SE analysis, leading to final selection
and application. A critical element is the ability to feed back SE results o refine input information
by verifying and validating input requirements as the results of rade-off studies become available.
Cost drivers should be ideneified early so that they can be evaluated against operational bepefits.
This continuous review process serves o identify problem areas before they become “embedded”
and create significant cost, schedule, or performance impacts.
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2.1 Template for the Application of SE

Proadly defined, SE is “the effective application of scientific and engineering efforts to
transform ap operational need into a defined system configuration through the top-down iterative
process of requirements definition, functional analysis and allocation, synthesis, optimization,
design, test, and evaluation.™ The SE process, in its evolution of functional deiail and design
requirements, has as its goal achieving the proper balance between operational (i.e., performance),
ecomnmic, and disposal factors. Inherent in the SE process are the concepts of life ¢cycle and
concurrent engineering. The design of systems depends greatly on the effective uge of SE as well
as traditional design methods that are essentially bottom-up in namre,

In order to facilitate the application of the SE process to fumre studies, a generic SE template
was developed. The elements of the template are illusteated in Figure 2.1-1, with a description of
the respective blocks and the questions addressed by each block discussed below,

BLOCK 1 - The Customer

The purpose of any system design is #© satisfy customer and stakehelder needs. The success
of a particular sysiem design is ultimaiely determined by the customer. During the design process.
alt requirements and decisions should be determined from that perspective. Stakeholders and
special interests must be represented in “the voice of the customer™ in a way that reflects their
needs and concerns,

Questions to ask:

* ‘Who is the custorer?

* How is the “voice of the customer” caprured?

s To what extent is the customer involved in decision-making?
= Are the stady decisions traceable to the customer?

BLOCK 2 - Need, Functions, and System Requirements

The objective of the block is w define the system’s functional mission. The SE study
identifies a need to address an opportunity. problem, or deficiency. The identified need(s) are used
10 define the basic requirements of the system in terms of input criteria for design amnd operation.
These criteria should be defined before system configurations are proposed, Definition of system
requirements should include mission, performance and physical parameters, the operational
epvironment, use requirements, effectiveness factors, deployment and distribution, and the
operational life-cycle horizon. In Figure 2.1-1, Arrow A indicates customer inputs defining needs,
functions, and requirements. The system should be defined only by fanction, not form, at this
point.

! Blanchard, B.5.; Fabrycky, W.J. Systems Engineering and Anatysis; Second Edition, Prentice Hall, 1990.
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Questions 1o ask:

+» What are the custorper requirements?
* Have customer requirements been translated to system requirements?
s Do the requirements reflect a systems and life-cycle engineering point of view?

BLOCK 3 - Design Team

The design team selected must be balanced in terms of in-depth technical expertise and the
breader methodology of SE.  The eam should include representation for each of the life-cycle
elements contzined in the set of system requirements. Measured consideration should be given to
al} aspects of the design, from the primary mission equipment 10 the supporting elements or
attributes for achieving environmental compliance: flexibility, reliability, maintainabilicy,
availability, and disposibility. A diversity of perspectives on the design team facilitates
consideration of all aspects of the system life cycle. Arrow B represents a relationship batween the
set of system requirements and the selection and makeup of the design tam.

Questions to ask:

‘Whar are the qualifications and expertise of the design team members?

What method was used to select this design team?

Are various aspects of the system life cycle represented on the design weam?

Are the motivations andd desires of the desizn teamds)} members/contractors consistent with
those of the customer? '

BLOCK 4 - Design Synthesis

Design synthesis is a creative process that relies on expert knowledge of state-of-the-ant
technology o describe a number of feasible design alternatives so that an analysis and subsequent
evaluation and decision making can occur. Depending on the phase of system design, the synthesis
can involve sither conceptual elements or particular pieces of hardware at a very detailed level.
Input by the design teamn is represemed by Arrow C. The design team members must question theor
own preconceived vision of the end system when proposing candidate designs. The candidate
system synthesis is driven by both a top-down functienal definition of the need and by a bottom-up
definition of the available technology for sysiem slements. Arrow I represents the input of these
two different, but complementary, approaches 1o system design. Adequate definition of each
system alternative mmst allow for life-cycle analysis and evaluation to reflect the set of datermined
sysiem requirements. Arrow E highlights the defining role of system requirements in the synthesis
of candidate sysiems.

Questions to ask:

#* How are the various alternatives setected?
& Are alternative selection methods based on stated customer axl system requirements?




» Are the alternatives defined well enough such that meaningful analysis and evaluation can
occur?
o Are af] alternatives comparable?

BLOCK 5 - Estination and Prediction

In the estirnation and prediction block, cost and effectiveness measures are generated using
models and simulations to predict design-dependent parameter {DDP) values for cach alternative.
These models and sanulations are based on assuinptions, physical laws, and empirical data. Arrow
F represents this available database of physical and economic models, as well as descriptions of
existing components, parts, and subsystems. The DDP values provide the basis for comparing
systemn designs against input criteria to determine the merit of each altetnative. Alternatives that
are found 1o be unaceeptable in performance can be either discarded or reworked and new
alternatives created. Altermatives that meet all or the most important performance criteria cap then
be evaluated based on life-cycle cost.

Cuestions 10 ask:

» What are the basic assumptions inherent in each estimation/prediction?
* By what means do we consider an alternative's performance acceptable?
« How are nonquantifiable parametars hamdled?

BLOCK 6 - Design Evaluation

Life-cycle cost is the basis used for comparing alternative systems that meet minimum
requirements by performance criteria. The life-cycle cost of each alternative is determined based
on the estimation and prediction activity just completed. Arrow G indicates the passing of the
predicted DDP vahaes to the evaluation step. The entire life cycle “from st to dust™ must be
considered using a cost breakdown structure (CBS) developed for each aliernative, including the
time value of money. The selection of preferred alternative(s) can only be made after the life-cycle
analysis is completed.

(uestions to ask:

» What is the definition of the system's life cycle?
« By what means is the life-cycle cost calculated?

BLOCK 7 - Design Deciston Schema

Given the variety of customer needs and perceptions included in the input criteria in Block 2,
choosing a preferred alternative is usually net just the simple matter of picking the least expensive
design. Inpwt criteria derived from customer and system requirements are represented by Arrow H
and the DDP values and life-cycle costs by Arrow 1. The decision maker must now trade off life-
cycle cost against other decision criteria subjectively. The resplt is one or more preferred
aliermatives that can be used to continee the design process to a more detailed level. These
preferred alternatives are always ultimately judged by the customer; therefore, we show Amrow J
retuming the prefetred candidate system for review by the customer.




Questions to ask:

* What method will be used to facilitate the decision-making process?
+ What are the established decision criteria and thresholds for each?
s How were the decisions reached?

BLOCK 8 - Physical and Economic Databases and Other Studies

This block represents a resource for the SE process rather than an actual step in the process
flow. There exists a body of knowledge that engineers, economists, and scientists rely on to
perform analysis and evaluation tasks. This body consists of known physical laws, empitical data,
econosnic forecasts, and other studies and models. It also includes descriptions of existing system
components, parts, and subsystems. [t is very important 10 use existing databases in SE 1o avoid
“reinventing the wheel,” This body of knowledge and experience can be utilized both formally and
informally in parformance of SE saudies and the decisions that follow.

Quesnons o ask:

s To what extent is reuse encouraged and past expetience depended on?

& Where do azsumptions made during the SE process originate?

¢ What effect does this body of knowledge or expert knowledge have on the altemative
selection and decision-making process?

2.2 Contrasting Top-Dovwn and Bottemn-Up Design

Traditiona! engireering design methodology is based on a bottom-up approach. Starting with
a set of known elements, desipn engineers synthesize the prodect or system by finding the most
appropriate combination of system elements. However, unless the product is quite simple, it is
untikely that the functional need will be met on the first attempt,  After desermining the
petformance deviztion from what is required (by prediction, simoiation, measurement, or other
means), the combination of ¢lements is altered, and the system performance determined again,

A twp-down approach to design is evoked by SE. Starting with requirements for the external
behavior of any part of the sysiem (expressed in terms of the function provided by that part
externally ar to other parts of the system), that behavior is analyzed to identify its functional
characteristics. These functional behaviors are then described in more detail and made more
specific,

There are two main differences between the bottom-up and top-down approaches: i botiom-
up design, physical realizability io terms of known elements is assured, whereas at the end of the
top-down design process, the systems elements are stifl functional entities, Their physical
reatizability is not guaranteed. In the top-down approach, e requirements are ideally always
satisfied through every step of the design process (as an inherent part of the methodology), whereas
in the bottom-up approach, the methodology provides no assurance that this will occur, Mose
projects will employ both methodologies—firse SE to reduce the complexity by partitioning the
system into its elements and then bottem-up design to realize the elements.




A more thorough discussion contrasting top-down and bottom-up methodelogy is presented in
Appendix C.

2.3 Imclusion of Performance Measures in Systems Engineering Studies

It 15 important when performiog a systems analysis study 1o include the ability to measure
both ecoromics and performance. The economic measure commonly used, prefuninary lifecycle
¢ost, is easy to grasp, but the measure of performance for a system becomes more subjective and
complicated. Evaluation of nonecenomic performance criteria of the system technologies, wo be
discussed in Section 3.4, was performed using an adapation of a form of decision analysis
described by Kepner and Tregoe.” This systematic approach to assist decision making produces a
guaptitative ranking of alternatives based on the experiences and facts available to the decision
maker{s).

The first step is to establish the relative importance of each objective, or, in this ¢ase,
performance criteria, with respect to ail other objectives. This is accomplished through pumerical
weighting. The lowest-weight, or least important, objective is iaken as the baselipe standard
against which all other objectives are ranged or ranked, The second step is to judge the
performance of each alternative, in this case systems and subsystems, against the objectives
{performance criteria). This is done by mumerically scoring each altiermative with respect to each
objective using any suitable scale, with the best alternative(s) receiving the highest score and all
other alternatives scored relatively. The third step consists of multiplying the weight of each
ohjective by the score assigned to each alternative. The fourth step consists of adding up the
weighted scores (0 generate a total for each alternative. The results serve to quantify the
alternatives and help to identify the best course of action.

3.0 REVIEW OF REPORTS

This section of the review discusses the approach used by LITCO for their studies relative to
an ideal SE process, the validity of the assumptions made, the sensitivities of the economics wo
those assumptions, and the quantifications of performance measives. The studies performed have
idencified a wealth of qualitative mformation on pertinent environmental management (EM) cleanup
wchnologies, but the systems evaluation performed was not carried o its logical conclusion of
ranking systems based on explicit cost and performance criteria. This review concentratas o the
quantitative application of SE and the generation of results that can be used to make decisions.

3.1 ‘Technical Approach

This section summarizes the review of the technical approach of the LITCO studies. This
review was directed from a SE perspective. The various aspects of SE, as weli as comments and
review of the LITCO smdes are presented. It should be stated again that LITCO was asked to
perform a systems analysis of each of the potential remediation technologies: it was not asked to
perform a full systems engineering design. But, stece SE is ultimately needed to conmplete the
system design process, the LITCO studies were compared 1o the SE template to determine what

2 Kepner, . H; Tregoe, B.B. The Raiions! Manager: McGraw-Hill Book Company: New Yook, Mew York, 1965,
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pieces were still missing. These pieces must be filled in by some organization(s)/team(s). The
statement that the LYTCO saxdies are deficient as SE stadies should not be construed as a criticism
of LITCO—they did what they were commissioned 1o do, which was systems analysis. The
deficiencies pointed out below (in Section 3.1} are meant to serve as a guide for DOE, detailing the
steps necessary to complete the systems design and evaluation process.

3.1.1 The Systems Engineering Process

As already defined in Section 2.1, SE is the effective application of scientific and ¢ngineering
efforts to transform an operational need into a defined system configuration through the top-down
iterative process of requirements definition, functional analysis and allocation, synthesis,
optimization, design, test, and evalvation. The SE process has as its goal achieving the proper
balance between operational (i.e., performance), econoanic, and disposal factors. It is this balance
of factors that this review examines. Appendix A goes into moch greatsr detail about the namre
and application of SE and how this balance s achieved.

Inherent in the SE process are the concepts of life cycle and concurrent epgineering. It is
very important that all aspects of the system life cycle be represented in each phase of system
design. Attention must be paid to all phases of the life ¢ycle sarly in design to avoid problems and
surprises later and to ensure that the operational need is folfiled. Subsysiem and life-cycle phases
cannot be considered indeperdently. H is 2lso important that the design of various elemetts of the
systemn be pursued and analyzed concurrently with each of the other elements. These principles,
atong with adherence to the functional, top-down definition of system elements, are the
fundlamentals of SE.

A concepiual sysfems design stady, or in this case 4 preconceptual smdy, has as its basgis a
need and requirements analysis. The problem and need to be filled must be fully viderstood. Any
conceptual desipn study should begin with a complete needs analysis. The problem must be
dafined from a functional point of view. The LITCO smdies did not devote encagh effort or time
1o these fundamental activities. The “functional requirereents™ and “functional allocation
diagrams™ spoken of in the studiex are not consistent with SE. In the studies, it is stated that
“functional requirements™ were developed for each alternative system. The inconsistency here is
that there exists only one fumctional mission to perform, regardless of system alternatives. There
should be only one set of functional requircments. The system needs to be defined from a
functional point of view before physical realization of the system can occur.

The LITCO stadies do define candidate systems and their developmental requirements guite
well. However, there is no traceabibity during the synthesis of these alternatives. All candidate
systems must derive from and be traceable back o the system operational and functional
requirements. The swdies are deficient in documentation of the candidate system synthesis process.
Since the candidate systems are not readily traceable to these requirements, there is 0 insurance
that the chosen *systems” actually perform the mission at hamd.

Additionally, the LITCO smdies did not fufly explore an appropriste means of decision
making. This approach was started in the ITTS Phase 1 study, but was abandoned {as directed by
DOE). A setof decision-making criteria must be developed and adhered to consistently from the
initiation of any sudy. As it has been assumed that each of the systemns performs nominally well,




thvent the design decisions must be based on economics and other, subjective, criteria. The LITCO
smudiaz do not adequately spell out the design criteria or facilitate decisions. The life-cycle cost

analysis in the LITCO studies, although prepared using a sound engineering approach, has limived
utility becavse thers is no sizeable difference in the candidate systerns as far as life-cycle cost goes.

The {ack of customer involvement, principally in the ITTS studies, is of concern because
without “the voice of the customer,” the desipn and acceptance of amy system may be
compromised. Care must be taken to identify and consider “the customer™ throughout the design
process. There is insufficient evidence of consideration for special interast or stakeholder concems
in the ITTS studies. In contrast, and to the benefit of the study, the concerns of the customer age
addressed in the INTS smdy. Although these studies were commissioned to be only a systems
analysis of varicus MLLW remediation tecknologies, they still represent a major step forward in
the use of a SE approach to evaluaning those technologies. Further, although the SE in the stdies
was far from complete, marked improvernent in applying SE principles was noted for the INTS
report. However, althcugh 4 set of nontechnical principles was devised by a working group of the
special interests, the final step of incorporation of these principles into decision making must still be
made.

The technical approack review of the ITTS and INTS stxdies, geided using the eight-block
LE emplate discussed in Section 2, i5 surnmarized in Table 3.1-1. A summary of the base study
review comments is given in the ITTS Fhase 1 column. Sebsequent changes or improvements in
methodology or content for the ITTS Phase I and the INTS siudies are indicated in the respective
columns. These comments summarize a mors detailed examination of te LTTCO studies found in

Appendix B.
3.1.2 Top-Down/Boitom-Up Design

Appendix C gives a more detailed description of the relationship hetween the top-down and
bottomeup approaches to design. The LITCO ITTS and INTS studies primanly used a bottom-up
methodology. In Section 1.2 of the ITTS study (Phase 1) and Section 1.8 of the INTS swdy, it is
stated that “A key to accurate evalustion of the thermal treatment systems is using an integrated
systems engineering approach.” However, the SE design process depends on a rigorous,
systematic approach 1o need and requirerments definition followed by functional analysis. In usiag a
- bottom-up approach, as is the case with these smdies, the functional analysis is often neglected, and
expert judgment and creativity are relied upon as the sole method of design synthesis.

SE does not seplace the need for bottom-up design, At some point in the design process
there has to be 2 transition from the functional {or abstract) to the physical. Most development
programs will employ both methodologies: first SE 1o reduce the complexity and pariition the
system into its elements and then bottom-up design to realize the elemems. The two approaches
must complement each odher.

On balance, the ITTS and INTS studies do mot sufficiently address the input requirements and
functional analysis needed to ensure a system design that meets all performance requirements and
fulfills the functional mission. These studies provide a good echnical review of the varicus
technologies that may be useful in a MLL'W oeatment system, but they do not adequately perform
the type of functional analysis that is needed to select the preferred system warranting further
development,
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TABLE 3.1-1
\eview of the Approach Used in the ITTS and INTS Reports Using the Systems Enginesring Template

[TTS Phase 1__ ITTS Phase 2 INTS
The Customer Custoner 1o adequately described, Special iotetests broader in definiticn, bk | Swady much mare résponsive o special
(Block 1) Customer inadequatsly considersd in still mot represented as customsr or interests {L.e., Tribal Stakeholders
' syihesis, analysis, and evaluation. Special included i evaluation process, Worldng Group [TSWG]).

interests {excluding federal regulaiory) Tribal and public participation in

incidentally mentioned, not dicectly cach stage of Echnology asscssment was

represented in voice of customer; not part of the goal,

evaluation process. . Final report degigmed o> be mvore

undersiandable i toniechnical readers,

Need, Functions, and | Stdies |ack adoquaic requiteivents and eed analyses.
System Requitements | Pantial funcdonal analysis aticonpied for sebection and delinition of subsystems.

lock 2 Mo evidence of functional anakysis and subsequent dllocation of system requiremeans.

Design T2am No details provided for 2reas of expertise, DOE imtermal review panel reviewed draft | Mamy members of shudy team have

{Bhck 3} areas of responsibility, criteria for addition ta | report, but contributions vt discuzsed, changed.
team:. Larger study tean than before, TSWG could indirecily be considered part -
Pansl of engineers for sysiem down-selacting of the design tearn.

Design Synihesis Adequate descripaion of ahernative sysiems, Mo documentation provided for down- TSWG developed List of nontechnical

{Block 4) b inaiequale traceability o system sclecting system designs. criteria to assist TSWG in wechnology
requirements. down-selecting,

— Heavy reliance on bottom-up approach for Evidence for incorporsting nontechnical

SYSLEMm synthesis. criteria imo downeselecting Tkt adequie.
Livke documentation for selection of most
kechmologies,
Docamemation provided for down-selecting
from 12 to 10 system designs.

Estimation and Lacks performance acceptabality criteria and targel values:

Predicoan Lacks g2t of metrics o measure mernil af sysiems.

{Block ) Lacks consideration for customer (3pecial imzress) inpur into acceptability measores,

All systems presamed bp ancet performance requlrements.

Design Evaluation PLOC estimates calculated using sound engineering approach {except no consideration of tme valwe of money, which could impact

(Block &) relative ¢osts of systems).
St:nrsiﬁ\'i!t analysit with respect to design and npt:rarﬂng assumpions s lacking.
Design Decision Study remules do not facilicae decision Systems qualitatively evaluaied with An sternpt was made o present lechalcal
Schema making. respec to technology risk but using dechsion criteria in an organized {tabular)
(Bleck 7} No attempt 10 orgenize and present techndcal | differend criteria from Pheasge 1. manmer,
decision crieria, No atsnopd at quaniitative system No attempt at quantitative system
Systems qualitatdvely evaluaeed with respect | comparison, Comparison
o tachnology risk.
A quantitative figure-of-roerit sysi=m
conparison saried but not fnished.
Physical and Mo dizcussion on tegulavion changes and impact on the sysiems. Cmnhrahly FI11 r:l':r:uchlg of
Ecmg:il]:l:c ;measea The apparently large technology dita bases is not adequaiely referenced. tzchnology datehase
and r Srodies




3.2 Review of Assumptions

The assumptions used within the SE study are discussed broadly below. Over 1200
assumptions were identified by the review team as listed in Appendices D, E, apd F. The
discussion below does not attempi 1o address all of the specific assumptions, but rather the
underlying themes. Section 3.3 addresses assumptions with econontic consequences and examines
the sensitivity of PLCC 1o the critical assumptions; Section 3.4 addresses assumptions based on
performance criteria. It is noted that the origins of many of the assumptions were not traceable, but
for this review it is immaterial whether any particular assumption was dictated by DOE,
stakeholders, or LITCO (ot Morrison-EKnudsen [MK]—the effect on the SE study is still the same.,

Ttie following discussion is divided into regulatory, waste characteristics, general opetating,
and system and subsystem component assurmptions. In general, the three LITCO studies do not aid
decisions about which subsystems and systems are best, based on cost. This is largely due to the
broad assumptions that were made, such as assuming a single processing site and an average wasie
stream. The result is an averaging effect that temds to make most systemns look similar and 1o
deemphasize the differences that would warrant selection or rejection.

3.2.1 Reguiatory

The treatment of regulatory assumptions in the LITCO studies was appropriate; however, the
DOE orders have since been changed or canceled. But upon close examination, although many of
the orders have changed in identification, they have not changed substamtially in content. Tahle
3.2-1 lists the primary DOE ovders cited in the studies and the currendy applicable replacement
DOE orders. Future studies should reference the new numbers. The moving regulatory targets
(DOE regulations, disposal waste characterization, waste inventaries, and others) can significantly
influence the resules of a large study. I{ is important that te study include a view of the future, 50
far as it can be reasonably predicted, The sndies did show evidence of a fuwriste view of the
regulations for trace metal emissions by assuming more stringent limits than currently required by
EFA.

3.2.2 Waste Characterizstics

The waste characteristics discussed here inclode both the input and output (for disposal)
waste stremms, as weli as the 1ssues related to characterizing wastes. For this study, an average
waste stream was assumed for designing all systems. This assumption provides a basis (although it
is artificial) for designing and costing a wasts freatment system, but it is not particularly
meaningful. The notion of treating an “average™ waste stream is problematic, The wastes that will
be processed will have various ranges of radienuclides, inorganics, and érganics. For an accurate
comparison of technologies, the systems considered need o be designed to handle this waste
variability. The variability of the waste stream will most likely have the largest effect on the
nonthermal systems. This important operating characteristic, flaxibility, is discussed in Appendix 1
{(for the ITTS Phase 2 systems).
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TABLE 3.2-1

DOE Orders Governing the Regulatory Assumptions Used in the Study
0ld DOE New DOE
Ordet Ordet Title/Comments

5000.3B 02321 Occurrence Reporting and Processing of Operations Information

15402 0460.1 Hazardous Material Packaging for Transportation — Administrative
Procedures

4330.4A  4330.4B Maintenance Management Program

4700.1 0430.1 Project Management System

5400.1 0231.1 Geperal Fovironmental Protection Program. Parts of Chapters 2 and
3 were canpeled.

5400.3 N1321.139 Hazardous and Radicactive Mixed Waste Program, which was further
replaced.

548013  5480.1B Environmental, Safety & Health (ES&H) Program for DOE
Opesations. The ES&H Order 5480.1B was canceled.

5480.4 0440, 1 Environmental Protection, Safety, and Health Protection Standards,
DOE Order 5480.4 was canceled in part, amxd parts of Adtachment 2
and 3 were replaced.

5480.7a  0420.1 Fire Protection

5480.11 FOCFRB35  Radiation Protection Program

5500.2a  0151.1 Planning and Preparadness for Operational Emergencies

5820.2A  5820.2B Radicactive Waste Management. A new order will be issued in the
near fumre.

6430.1A 0430.1 General Design Criteria.

The waste inventory is another moving target that affected the outcome of this study. The
data in the MLLW inventory report dated April 1993 indicated a total volume of 247,036 nd. Data
collected for the Preliminary Site Treatment Plan (PSTP) in 19935 for MLLW indicate that the total
amount of MLLW (debris, organic combustibles, sludges, soils, spacial group, and wastewaters)
was 217,772 m®. The more cwrrent data should be used in any future analysis. The estimated rate
of increase in MLLW {from the April 1993 report) is about 55,982 m@’ per year.

Although they were not addressed during the review of these studies, a close look should be
taken at the geographical distribution of the various wastes and their priority for ¢leanup, These
issues should be addressed in more detail since they will have a large influence on the assurptions
of input wastes, transportation, site location(s), and system designs.

The underlying sssumption that current analytical techniques for charactenzing input wastes
and for determining the long-term stability (e.g., leachability) of the final waste form are adequate
is highly uncertain. The currently accepted techniques, although accepted by regulatory agencies,
are ot sufficiently precise and accurate, and some do net adequately represent the disposal
environment. A continuing effort to improve characterization methods is reeded and is already
ongoing. However, in the meantime, evaluation and application of cleanup technologies rust
proceed based on methods that are less than fully adequate. The effect of recognizing the
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limitations of current methods is-tw give additional weight to those performance criteria that
enhance regulatory compliance (i.e., conservative design),

3.2.3 General Operaling

The studies were based on a significant atnount of overdesign. The principal assumptions
concerned were that alt equipment was to be designed for a Seismic Category 1 site, a high capacity
factor of 125%, only 4032 hours of aperation/year, and all stainless steel construction. These
assumptions are ot typical of system designs that are commonly used in industry. .If these
assumaptions are being used to ensure conkingency, then they should be labeled as such. In future
shidies, general gperating and design factors should be justified in greater decail.

The assumption of a single site to process all wastes leads to the blurring of the technology
comparisons.  Although this assumption provides a basis for these smdies, it is an artificial basis,
and therefore it does not atlow technology comparisons in a realistic setting. Factors such as
geographic distribution of wastes, areas closed to the transport of hazardous wastes, anxl the design
of simpler, smaHer systems for specialized purposes warram far greater consideration,

3.2.4 System and Subsystem Components

The systems created and subsystems chosen for inclhision within a study greatly influence the
results of the study. Although it is not practical to study every system that lays claim to being able
to ¢lean up MLLW, it is imporiant that a thorough screening methodology be employed. The
INTS studies used a technology selection group in making such decisions. Although a discussion
of how selections were chosen was provided, an approach similar o the Kepner-Tregoe approach
shown in Appendix I would be more advantageous for initial screening. If a single subsystem is
chosen to represent a group of technologies, then it is inportant to discuss the sensitivity of the
overall results to that assumption. Also, as already stated, simple and smaller systems should be
considered for processing certain catepories of waste where permitted.

3.3 Economic Predictions and Sensifivities to Predictions

Over 1200 assumptions were made in the three LITCO reports, all of which are listed in
Appendix I (ITTS - Phase 1), Appendix E (FTTS - Phase 2), and Appendix F {INTS). The goals
of sifting out the critical assumptions and quantifying the sensitivity of the PLCC o each one were
accomplished in two stages.

First, all the assumptions were evaluated using engineering judgement and given two scores
{on a §-10 scale): a score for uncertaintgy (1 = the assumption will almost certzinty be true, and 10
= the assumption will almost certzinly wrn ont 10 be wrong) and a second score for sensitivity
{1 = the PLCC for the system will change very little if the assumption is changed, and 10 = the
PLCC for the sysiem will change dramatically if the assumption is changed). The long st of
assumptions was then boiled down to a much shorter list of “critical assumptions,” which are those
asgumptions having both high uncertamity (=5) and high sensitivity (=5). These assumptions are
listed in Appendix G. The much reduced list has about 50 assumptions (or groups of closely
related assumptions).
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The second stage was to examine each of the asswnptions (or groups of assumptions) to
determine quantitatively the sensitivity of the PLCC to a step change in the assumption. This
analysiz was carried out using the PLCC spreadsheets developed by Morrison Knudsen
Caorporation. The results of the sensitivity analyses are presented in Tables 3.3-1 to 3.3-5. The
tables give the assumptions, the hypothetical changes in the assumptions, and the impacts of the
changes on the PLCCs in both dollars {rounded to the nearest million) and 25 a percent of the
baseline cost (total PLCC). Within each table, the assumptions are presented in order from the
mnst beneficial change to the most harmful (costly).

Table 3.3-1 sumnarizes the assumptions in the [TTS studies that affect all systems similarly.
For simplicity, the sensitivities were calculated for the baseline system {A-1} only. As shown in the
table, there are three assumptions that have a very large impact on the FLCC of the system:
1} operating for only 4032 hoursfyear, 2} a government owned-conteactor operated {GOCO)
facitity, and 3) a Seismic Category 1. If any or all of these assumptions could be changed to the
extent indicated, the savings in PLCC could be up to $833 million (38%). It should be noted that
the total savings is lower than the sum of the savings for the individual assumptions because there is
an interaction between them. Of courss, there are also some assurnptions that are optimistic. For
example, if 75% of the waste required sorting (rather than 50%). the cost would increase
substantially ($267 million).

Tables 3.3-2 and 3.3-3 list assumptions in the ITTS studies that are system-specific. The
point was o ook for assumptions that fayvor one system or technology over another. The only such
assumption found for ITTS Phase 1 was the assumption of 100% sorting for Systems Bl ang D1,
while other systems require only 50% of the waste to be sorted. If that were relaxed to only 75%
sorting, it would change the ranking of the systems, but peither of the two systems would become
the best (cheapest). For ITTS Phase 2, mo assnmptions were found that would significantly alter
the standing of any particular tachnology.

The assumptions in the INTS smdy that affect all systems similarly are given in Table 3.3-4.
As with the ITTS systems, there is potential for substantial cost savings. The same three
assumptions that were extremely iraportant in the ITTS study were also important in the INTS
study. If those three assumptions wete changed to the extent indicated in Table 3.3-4, the savings
in PLCC could be up w0 $1078 million (34%). In addition, it was assumed that 75% of the waste
for the INTS systems required sorting; if that alone were decreased to 50%, $412 million (13%)
would be saved, Likewise, there is also the potential for cost increases,

The assumptions that affected only specific INTS technofogies are given in Table 3.3-5.
None of them penalized any particular system 1o favor of anotber.

3.4 Peformance Evaluation of Phase 2 Technologies

In selecting EM technologies for implementation, noneconomic performance factors need to
be considered along with life-cycle cost. Nomneconomic factors have particular mportance where
the costs of competing systems are similar and/or diverse regulatory requirements must be met, as
is the case for the systems compared in the LITCO smdies. Different sets of performance criteria
are presented in each of the three reports for the LITCO studies (Phase 1 ITTS, Table 6-1; Phase 2
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TABLE 3.3-1

Sensitivity of PLOC to Changes in Assumptions: System Al - Baseline System ITTS

Assumpiion
No.*
Phase A$PLCC,
1 2 Assumption Change in Assumgion millions APLLC, %
2 3 Operation of the facility is assumed to be 4032 hours  Assumse 3064 hours per year ~418 -19.3
per year. = .63 x conslruction costs + 0.3 X receiving and
inspection labor,
16 Assume government owned-coniracior operated Ascume privaiely owned, -39 =-17.5
(GOCO). Iodirecl cogiz = 29%, constrnetion Asoume indirect coutg = 25%, comiinetion managemsnt =
management = 17%, management resegve = 10%, 5%, management reserve = 0%, contingency = 10%, design
contingency = 25%, design -+ inspection + project + inspection +project managemem = 20% of construction
managemnent = 42% of construction cost. Contingency  ¢ost. Conlingency = 10% of operaling and mamtenance
= 5% of operating 2nd maintenance coal. Cost.
3 2 Facilities will be designed for a moderate-hazard Assume Seismic Category 2 -M2 -15.8
classification and Seismic Category 1. =1{.4 X constnition costs.
12 4 Triple containment will be used for all process steps Assume double rather than triple, and single rather than -1 -55
from wasle sorting through waste stahilization. Double double
containment is nsed for other proceases if there is limit = 0.5 X (building eoats of all subsystems except
potential for air emissions. administration).
1 1 The same unit disposal cost of $243/4¢° is used for all  Assume $243 £3100/1C. +48 +3.7
wasie disposal regardless of its form.
10 A comtimgency of 25% is applied to all compomemis in - Assume a contingency of 10% =71 -3.6
production facility constewction costs, =10.4 x contingency cogis for all componants,
11 Decontamination and decommissioning {D&D) is Assure +50% +27 +1.2
estimated at $4504t, = DD coss ¥ (1 190.5).
9 Five low-temperature stabilization agems meet Azsume technalogy fails +72.7 +34
implemeatability requirements. = oot of subsystem + 1 year of operating coats.
) Vitrlfication technoioples meet implementabilicy Assume lechnology fails +37.5 +4
Tequiremems. = gost of subsysiem + 1 year of operating costs.
4 System will incorporate minimum shielding. Requires more extensive shielding +244 +11.3
= 2.0 x building construction costs.
6 13 50% of the waste requires sorting. Assume 75% of the waste requires sorting +267 +I12.3

= 1.5 X (construclion cosis + annual operaling cosls).

* See G for a mote detailed descripron of the LITCO ass woa. The "Ass ion No.” is the number of the ion in Appendix G for
prion uIption wmpt assumpéion in Appe

ITTS.



TABLE 3.3-2
Sensitvity of PLCC to Changes in Assumptions: ITTS Phase | Sysiems
Assurnption ASPLCC, APLCC,
Ng.* Assumplion Change in Assummion milliony %
7 For systemns Bl and D1, it is assumed that 100% of the  Assume 75% rather than 100:% -157 -7.0
waste requires soniog. ; = 0.75 X construction costs + (.75 X operating costs.
8 For systems Ad and D], it is assumed that 90% of the  Assume (hat 10% of the lime is recyclked +31 +1.4
lime iz recycled. = 2 3 polymer + 1.5 X equipment cost for secondary
stabilization,
* Ser Appendix G for a more detaibed description of the EITCO assumpsion. The “Assumption No.* is the number of the assumption in Appendix G
for ITTS-Phase 1.
TABLE 3.3-3
Sensitivi in Ass tions: ITTS Phase Z Systerms amd SYStEms
Assumption ASPLCC,
- No.* Assumplion Change in Assumption millions APLCC, %
I Joule-heated melier swbsysiem will meect Subsysten Fails to function properly and must be replaced +78.6 +4.1
requirements. = gonstroction cost of Joule-heated melier + 1 year operaning
cost.
12 SCWO subsystem will soeet requirements. Subsystem fails to function properly and must be replaced +79.2 +3.7
= gonstruction cost of SCWO -+ 1 year operating cost.
14 Imcinerators will mest requizemens. Subaystem Fails to function properly and must be replaced +E8.2 +4.2
= construction cost of incinerator + 1 year operating cost,
i1 MED zobsystem will meet requirements. Subsystem fails to function properly and must be replaced +£8.2 +4.2
= construction cost of MEQ + 1 year operating cost.
9 Steam pasifier subsystern will meet Subeysiem fails (o function properly and must be replaced +94.3 +4.1
requirements. = gonstruction cest of sieam gasifier + 1 year operating cost.
5 Plasma furnace will meet requiremens, Subsysiem fails to function properly and must be ceplaced +93 +4.5
= construction cost of plasma furnace + | year operating cast.
3 Mallen metal subsysiem will meet requicements,  Subsystem Falls to function properly and must be replaced +96.2 +5.1
= construction cost of molien metsl + 1 year operating cost,
#  PFlasma gasifier will meet requitemens. Subsystem fails to function properly and must be replaced +96.8 +5.0
= gonstruction cost of gasifier + 1 year operating cost.
15 APC subsystem will meet requirements. Subsystem fails to function properly and must be replaced +107 +4.9
= gonstruction cost of APC 4 1 year operating cost.
T MBS0 meets DOE objectives for life-cycle cost  Subsystem fails to fumction properly and must be replaced +126 +55
and schedule. = comstniction cost of M5S0 + 1 year operaling cost.
* .?nc hppums ix G for & more delailed description of the LITOCO assumpiion.  The * Assumption No.” is the number of the assumption in Appendix G
or ITTS - Phase 2.
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TABLE 3.3-4

Assumption ASPLCC,
MNo.* Assumption Change in Assumption millions APLCC, %
3 Operation of the facility is assumed 10 be 4032 hours per  Assume 8064 hours per year -542 -17.0
yaar, = (.63 X comstruction costs + 0.5 X receiving and
inspection labor.
14 Assume GOCO, Assume.privately owned. -6 -13.9
Indirect costs = 20%, construction mapagement = 7%, Indirect costs = 25%, construction managemen| = 5%,
management reserve = 10%, contingency = 25% , design management reserve = 0%, contingency = 10%, design
+ inspection + project management = 42% of + inspection + project management = 2% of
comsiruction cost. Contingency = 25 % of operating apd consiruction cost. Conlingency = 0% of operating and
malMEnenCe COSt. maintenaince ¢ost.
12 75% of the wasie requires sorting. Assume 30% of the waste requires sorting -412 -13.0
= ()67 % {construction costs + annual operating coats
for receiving and inspection).
1  Farilities will be designed for a moderate-hazard Agsume Seismic Caegory 2 -372 1.7
classification and Seismic Calegory 1. = 0.4 ¥ COISITUCTON COSIS,
13 The same unit disposal cost of $243/0% is used for all waste  Assume $243 +$100/f0. 1371 110.2
dispoaal ragardiess of its form.
2 Tripke contalnment will be used for all process steps from  Assume doutde rather than triple, and single rather than - 181 ~-5.7
waste sorting through wasie stabilization. Double . double
comainment i5 used for pther processes if there is limit = 0.5 % (building cost of all subsystemns except
potential for air emissions, sdeninistralion).
15 A contingency of 25% is applied to afl compotents in Assume & comtingency of 10% -70 -3.2
production facility construction costs. = 0.4 % comingency costs for all componems,
16 Equipro¢md cost based oo use of stainless steel. Assume equipment cost was based oo mild sweel -4 =2.0
= (.67 X equipment cast,
4  Stabilization formulas = 1 part polymet to 1 part waste; 1 Assume polymer is 1.5:1, grout is 3:1, and ceramic s +278 +7.5
part ceremic additives to | part waste; and 2 parts growt to  1.5:1: The capital cost for each secondary stabilization
I part waste. metbod will be increased by 14%. Disposal costs are
increased by 25%. Materials costs are increased by
0%,
System will incorporate minimuen shislding. Requires more extensive shieiding +399 +§2.5

=20 x I.‘milding_ constructicn costs. -

* See Appendix G for 4 more detailad description of the LITCO assomption.  The *Assumption No.™ is the nwmber of the assumption in Appendix G
for INTS.
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TABLE 3.3-5

Sensitivity of PLCC to Changes in Assumptions for INTS Systems and Subsystems
Assumpdion ASPLCC, APLCC,
No. Azsumption Change in Assumption millions %
K} FPhosphate-bonded ceramic subsystem will meet Subsystem fails 1o function properly and must be replaced +124 +3.7
regquirerms, = C.C.} of ghosphate-bonded coramic subsystem + 1 year
operating cost.
2 Ach dipestion subsystem wili meet requirements. Subsystem fails ro function properly and must be replaced + 126 +3.7
. = C.C. of agid digestion + 1 year operating cost.
6 Vacoum desorpton subsystem will meet requirements, Subsystem fails to function properly and must be replacad +127 +4.1
= C.C. of vacuum desorption + 1 year operating cost. _
7 Calalytic wet oxidation subsystem will meet Subsystem fails ko function properly and must be replaced +129 +3.8
requiTements. = C.C. of calalytic wet oxidation + 1 year operating cost. '
5 Mediaied electrochemical oxidation subsystem will Subsystern fails to function properly and must be replaced +136 +4.3
meet requirements. = C.C. of MEQ + 1 vear operating cost.
& Aqueous washing subsystem will meet requiremenis.  Subsystern {alls v function properly and must be replacad + 139 +4.2
= C.C. of agueous washing + 1 year operating cosi.
4 SYSTEM 4: Stabilization formulas = 1 part polymer  Assume polymer is 1.5:1, grout is 3: 1, and ceramic is 1.5:1:  +213 +5.1
to | part waste; 1 part ceramic additives to | part ‘The capital cost for each secondary stabilization methed will
waste: and 2 parts groul o 1 parl waste, be increased by 14'%. Disposal costs are increased by 25%.
4  SYSTEM §: Stabilization formulas = 1 part polymer  Assumes polymer is 1.5:1, grout is 3:1, and ceramic is 1.5:1:  +237 +6.3
to 1 part waste; 1 part ceramic additives to | pari The capital cast for each secondary stabilization method will
wagte; and 2 parts groot 10 1 part wasie, be increased by 14%. Disposal costs are increased by 25%.
1L  SYSTEM 2: The excess waler is discharged. The excess water is grout stabilized. +250 +7.1
4 SYSTEM 2. Stabilization formwlas = 1 part polymer  Assume polymer is 1.5:1, grout is 3:1, and ceramic 1.5:1; +25l +7.2
to 1 part waste: 1 part ceramic additives ta | pari The capital cost for each secondary stabillzation methed wilt
waste; and 2 pants grout 10 1 part wasie, be increased by 14%. Disposal costs are increased by 25%.
4 SYSTEM 3: Smbilization formulas = 1 part polymer  Assume polymer is |.5:1, groat is 2:1, and ceramic is 1.5:1:  +IM4 +74

to 1 part waste: 1 pare ceramic additives ta | part
waste; and 2 parts groul 10 1 part waste.

The capital cost of each secondary stabilization method will
be increased by 14%. Disposal costs are increased by 25%.

* See Appendix G for 4 more detailed description of e LITCO assumption. The ® Assompiion Ne.,™ is the number of the assumption in Appendix G

for INTS.

1 Cost of construction.



ITTS, Table 5-1; and INTS, Fabie 6-13. Only the Phase 1 study proposes numerical weighting
factors for noneconomic performance criteria. No quantitative rating based oo perfortuance criteria
was assigned to any of the 24-systems included i the ITTS and INTS studies, which would have
allowed direct comparison leading to selection or rejection.

A structured evaluation of the mine Phase 2 systems and the baseline systemn was underiaken
in the course of this review to iflustrate the type of anzlysis that can and should be performed 1o
deal quantitarively with the wealth of qualitative information presentad in dve LITCO smudies, The
comparisons generated are not meaningful for selection purposes, considering the limited depth of
the current review (only a smatl subset of te important performance criteria was evaluated, only
ITTS Fhase 2 sysiemns were included, and only o engineer performed the evaluation), but they do
serve the intended purpose of illustrating the methodology. The analysis and detailed discussions
are given in Appendix L.

Such a quantitative analysis of the performance measures is necessary to complete the
evaluation process. The process allows a focused discussion of the relative importance of each of
the performance measures, and it enables the condensation of the multitude of performance
measures down o a single quantitative measure of merit. Both of these are important benefits of
the method.  Therefore it is strongly urged that this or a similar methodology be used.

4.0 CONCLUSIONS AND RECOMMENDATIONS
The conclusions of this review are as follows:

» The authors of the LITCO smdies have identified and evaluated a wealth of pertinent
infortation on EM cleanup technologies.

+ ‘These studies represent a major step forward in the use of a systems approach to
evaluating technologies for use in the remediation of waste sites.

» Although the systems analysis in the LITCO studies was done thoroughly, these swudies
should be enhanced to hetter encompass a full SE approach.

¢ The PLCC estimates were caleulated in the appropriate level of detail using & sound
engineering approach. The only exception is that the tirne value of money (i.c., the use of
an inferast rate to discount future cash flows to their equivalent present value} should have
been taken into account.

» The cost-estimating factors used under the GOCO assumption and other very conservative
design assumptions (e.g., 4032 operating hours/year) resulied in PLCC estimates that
were about one-third higher than in industrial practice.

* No assumptions were found that favored one technology over another. On the contrary,
the PLCCs for all the thermal syswems were within the accuracy of the PLCC estimates,




The recommendations of this review are as fulluws:l

+ Future such studies should adopt a consistent SE approach similar to the template defined
in this report. DOE wauld be well served to develop a Systems Engineering Standard,
similar to those already in use by DOLY and IEEE," which would serve as the guideline
for any fumure SE studies.,

+ Noneconcmic factors must be considered in 2 quantitative manner to gain full value from
the amalysis of systern alternatives, especially those mvolving developing technologies that
are being considered in competition for scarce funding. An approach like that outlined by
example in this report shonld be required for all such systems analysis smdies,

*  Absolute system costs defined in the three studies should be reexamined, with special
emphasis on the major cost sensitivities identified in this report.

¢ A number of design assumptions warrant further stady: 1) one facility to process all
MLLW, 2} 2 feed of “average™ waste composition, and 3) the segregation of thermal and
nonthermal tachaologies.

* DOD-AMSC. Draft Military Standard for Systems Engineering; Mil-st4-4998, Version 2.0, May 1992.

* [EEE. IEEE Triat Use Standard for Application and Management of the SE Process, IEEEsid, 1220-1984, 1995.
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EXPANDED DISCUSSION OF SYSTEMS ENGINEERING APFROACH

Systems engineering {SE) is the powerful technical tool for program managers. SE nmost be
applied properly and fashioned for the specific application,

The process of SE provides a framework for application and involves three steps:

» Planning for SE
s Implerenting the SE process
» Controllisg the SE effort

Planning Systems Engineering

In the concept exploration and definition phase, a large amount of rade-off swdy effort is
required, This effort supports the translation of operational needs to technical system alternatives.
The output of this phase is broad, high-level specifications defining system altermatives, As tx
program progresses through development and into the full-scale production and deployment phase,
SE requirements remain. However, the scope of the effort changes significantly. At this tire, a
firm baseline shou!ld have been defined, and production or construction specifications should exist.
SE is more a maintenance effort at this point and entails the development of system modifications as
processes, procedures, or capabilities are revised. SE still performs the task of monitoring and
managing systems integration activities. As system problems arise, SE is needed to perform trade-
off analysis and determine solutions.

A system engineering management plan (SEMP) 15 used i define the organization that will
perform SE on the program. The SEMP shonld be prepared as early as practicable in the life cycle
(normally during concept explotation and definition). As the program progresses through its life
cycle, the SEMP should be updated to reflect tailering of the SE ¢ffort. The SEMP has three basic
sections, which shouwld define the fellowing:

¢ The methodology astablished for technica! program plasning and control.
* The detailed SE process 10 be utifized and the tailoring to be applied.

* The integration and coordination of engineering specialty efforts to achieve a best mix of
technical and performance values.

The SEMP can either be a stand-alone document or it can be abbreviated. An abbreviated
SEMP would meorporate, by reference, other plans {such as the reliability plan, interface
agreements, logistics support plan, and program management documentation). These plans should
gollectively address all the necessary SE requirements. ‘The goad is to minimize formal
documentation while maximizing the benefits achieved from the SE process,
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Implementing Systems Engineering

The benefits of SE are realized through effective inplementation. SE is a logical and iterative
process that takes input requirements and functional analyses and then aliocates them functionally.
These fonctions are then traded off as alternative sohition sees are developed. This process of
synihesis resalts in candidate solutions that can be evaluated for adequacy. A decision is made on
the recormmended solution(s}. This is documented and becomes the input on the next cycle of the
SE effort.

A critical ¢lement of the SE process is the ability to feed back results of the process to refine
jmput information. This provides a means of verifying and validating input requirements as the
results of trade-off shudies become avzilable. Cost drivers are identified early so that they can be
evaluated against operational benefits, This continwons review process shoold help identify
problem areas before they become embedded and cause significant cost, schedule, or perfermance
impacts.

In the concept exploration and definition phase, input requirements are in the form of high-
level operational meds, The SE process must ranslate these requirements into the conceptual
functions that must be performed to satisfy the need. This wanslation is called ferctional analysis.

Functional analysis is a top-down process.  Global requirements are broke down into ever
smaller and more quantifiabie functions. These functions represent a set of capabilities which, when
properly combined, will satsfy user need. Once the functional analysis is complatad, the process
of synthesizing an altemative can begin.

Various combinations of functional elements are waded off against the requirements. These
trade-off studies examine the allocation of responsibility and resottrees to the various functions.
The results of this trade-off and allocation effort are sets of potential system solutions. These
synthesized aliernatives are then evaluated against quantifiable measures of effectiveness. The
evaluation is used 1o weigh the varicus altlernative appraaches, which can then be selected for
further definition. Efforis during the SE process are documented in trade-off studies and
evaluations. System specifications are developed for the best alternatives. They become input data
to the next life-cycle phase.

Work breakdown structures are a product of the functional analysis and allocation process,
As the global requirements are broken down into smaller functions, definable work packets are
identified and incosporated into the manageriat work hreakdown structurs.

As 2 program goes through the remaining phases of the life cycle, the SE process described
above is repeated. More and more refined outputs are provided as the system becomes bemer
understood and defined. It is essential that progress toward detail be uniform.

During the demonsiration and validation phase, the system specifications of alternative
concepts are funcitonally analyzed. This results in more detailed subfunctions for trade-off
analysis. The synthesis process yields engineering models that can be evaluated against the original
requiremnents. Evaluation allows for the selection of a preferred technical approach. Finalized
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system specifications and subsystem performance specifications are developed for input to the next
phase.

The development phase uses finalized system specification as inputs.  Functional analysis is
the process that translates these subsystem performance requirements into detailed product
functions. Detailed system synihesis and design trade-off saudies are performed. Various detaijlad
designs are integrated and interfaced into a system profetype that can then be evaluated, Based on
the prototype's success during evaluation, a decision can then be made to produce the final design.
Az a result of this SE effort, detailed system, subsystem, and produce specifications, along with
drawing packages and other engineering data required for production of constructon, are

developed.

As the construction and deployment phase begins, the SE process 15 used once again. Input
datz are functionally analyzed and synthesized to develop a set of production processes and work
sheets, which provide producible end products. A configuration andit process is used to verify the
suitability of this documentation.

The SE process (functional analysis, synthesis, evaluation, and decision) is applicable across
all phases of the life cycle. The degree of focys and level of docurmentation detail will change, but
the basic process remains. The SE process logically breaks the work task into definable and
manageable subelements. It integrates and interfaces the desipm and build efforts of these
subslements so that a tatal capability is provided in response to the original user requirements.

Controlling Systems Engineering

Depending on the phase of the life cycle, the SE effort can represent a significant portion of
the overall cost, 1

Various tools are available ko assist in controlling the SE process. Thess include the
following;:

« Systems engineering manzgement plan - The SEMP provides a plan for establishing a SE
effort. It defines the actual methods amd procedures to be followed in the SE process. It
also defipes the control sruchure (a0 ensure total systemn inegration.

+ Formal reviews - During the development phases of the life cycle, a sexies of reviews
should be conducted. These reviews {systems requirements review, system design
review, preliminary design specification, and critical design review) provide an
opportunity to assess the state of the tachnical effort; review in detai the system functional
analysis and synthesis process; detennine the adequacy of the resultant alternatives in
satisfying the requirements; and provide a vehicle for making and documenting program
decisions.

« Informa! technical reviews — Formal reviews present an opportunity for reviewing a
project's technical statws. However, they occur infrequently and will not provide the
degree of interchange necessary to ensure that the SE process is adequate. They provide a
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snapshot in time, but 4o not provide real-tire stats information. Periodic and informat
technical reviews can fill the need for real-time situation monitoring.

+ Technical performance measurernents - These represent a set of key parameters, which
are moarkored as the program progresses through the development cycle. These
quantitative measures czan be racked against program goals and provide a way to 25sess
overall technical stanus, They provide data for problem amalysis and corrective action amd
act as early warning indicators.

* Management conirol systems - As the SE process progresses, one ontput is increasingly
detailed work breakdowns. These work packets are the entities vpon which cost and
schedule stams information is collected. Through management review, they provide

visibility into the program's problem areas. These problem areas then become candidates
for informat review and for development of alternative action plans.

Systems Engineering Outpuls

Ctput benefits from a suceessful SE process may be expectad. Some of these are listed
below.

s Ensures fully integrated engineering effort throughout the entire system life cycle.

* Conducts system definition and design on a todal-system basis to achieve required
effectivencss within cost, schedule, performance, and risk limits.

# Establishes system requirements that meet user needs and priorities.
= Totally integrates all system and subsystem design amd related requiremenits.

+ Establishes effective mterfaces within and between the system for maximum compatibility
and interoperabilicy.

» Establishes, inteprates, and maintains an effective work breakdown structure throughout
the system's life cycle.

¢ Evaluates, docunents, and tracks systern changes and technical decisions that affect the
overall performnance, schadule, effectivencss, logistics, and system life-cycle cost.

+ Provides a framework of system requirements to be used as design, performance, support,
and test criteria and provides source data for contract work statements, specifications, test
plans, design drawings, and other engineering documentation.

+ Identifies high-risk and problem areas early in development and throughout the system'’s
life cy¢le, contimwously evaluating the system design and other support areas.
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TUTILIZATION OF THE SYSTEMS ENGINEERING TEMPLATE IN REVIEW OF THE
TECHNICAL APPROACH OF THE ITTS AND INTS REPORTS

As pari of the effort to evaluate the technical zpproach of the LTITCO studies, a systems
engincering {SE) template was developed to guide the review of the smdies. The resulting template
was meant to prompt ¢ritical questions about the design process utilized in the LITCO studics and
to enable a fair evaluation of those studies. This appendix comtains that emplate as well as
questions and points considered in the evaluation of the stwdies. It should be stated again that
LITCO was asked to petfotm a systems analysis of each of the potential remediation technologies;
it was not asked to perform a full systems engineering design. Bwt, since SE is ultimately needed
1o complete the system design process, the LITCO studies were compared to the SE template to
determine what pieces were still missing. These pieces must be filled in by some organizadon(s)/
team(s). The statement that the LITCO studies are deficient as SE smdies should not be constiued
as a criticism of LITCO—they did what they were commissioned to do, which was systems

analysis.

The essence of this femplate and evaluation effort is the eight-block morphology presented in
Figure B-1. Each block in this morphotogy is further specified on subsequent pages along with
gquestions and points 10 be addressed.

€, 2 Noeds, Functions, and
A System Requiremants
& o - I E T
C | T Design Design Design ‘ ': E
|J | |Decision Team Synthesis rn_ H
g Schema r 4 N
T Candidate Systurns O R
o O—+— L &
M Design | Estimation/ 0O
s 7| Evaluation [ G | Pregiction G
b L I
R ® E
B
3 . Physical and Economic S
e Databases and Other Studies
Candidate Existing Components,
Parts, and Subsystems EEC MUS2917.C0R

Figure B-1. Systems engineering template displaying the eight elements for evaluating a wechnical
approach.
!
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BLOCK 1 - THE CUSTOMER

About This Block

‘The purpose of any system design i o satisfy some customer and stakeholder need. The
success of a particular system design is vltimately determined subjectively by the customer. During
the design process, all requirements and decisions should be made from the customer’s perspective.
Even when the customer is relative]y easy to identify, the concerns of “the custorner” may not be
readily accessible. Accordingly, the customer must be defined as an all-inclusive entity.
Stakeholders and special interests must be represented in “the voice of the customer” in a way that
reflects their needs and Concerns.

Questions and Points to Consider

Who is the customer?

+ ]s the customer the U.S. Department of Energy (DOE), socicty as a whole, Native
American tribes, engineering companies, eic., or some mixtre thersof?

+ 13 the customer fully aware and educated as to the need for this treatmnent systetn?
*» Where is this definition of the customer spelled ous in the LITCO smdies?
# Are customer interests generally in agreement or in opposition to each other?

= If the stakeholders and tribal ineresis are generally opposed to certain trezments and
storage ideas, is this stated?

How is the “voice of the cusiomer” capiured?

# Can the customer make effective decisions and give valuable input based on the
mformation available?

o Do the LITCO swdies address this concern? How?

¢+ How are the differing opinions of various interests resolved fairly in the LITCO smudies?
* Are all identified interests being represented in the "voice of the customer™?

+ What method is used 1o ensure this in the LITCO stadies?

+ To what extent are the LITCO shidies responsible for obtaiming and vsing information that
represenis the voice of the customer?

* What forum is used 1o capture this voice (surveys, polls, meetings, mterviews, studies,
eic. )?




To what extent is the customer involved in decision-moking ¥
* [s the customer directly or indirectly involved in the decision-making process?

* Or, will only centain interests be active in decision-making, with the remaining interests
acting as reviewers?

* Who defines this relationship (DOE, , etc.)?
« Do the LTTCO sudies make this clear?

+ What is the purpose of these stodies? If the purpose is to eventually facilitate a decision
about a preferred aiternative systermn design, then do the seusdies consider their andience?

& That is, do the LITCO studies take into consideration the definition of the customer, t.e.,
who they are trying to satisfy when presenting the alternative systems?

* In which decisions does the customer participate {decisions at each major milestone, each
design change, or when large costs are involived)?

o Whar weight is given to each interest?
» JIs this weighting schema relatively more numerical or more subjective in nature?
* Who determines these weights (formally or informatly)?

* 5 this relationship between DOE, LITCO, Tribal Stakeholders Working Group (TSWG),
ete., clearly defined?

Are the study decisions traceable to the customer?

+ To what extent are the alternative designs and decisions traceable to the customer in the
studies?

* Do the LITCO reports provide sufficient raceability to the customer?

* [f the "customer™ definition is not fully understood at the design Jevel, what criteria are
used to synthesize candidate systems in the studies?

Evaluation of the LITCO Studies

The integrated thermal treatment system (ITTS) and integrated nonihenmal treatment system

(INTS) smdies inadequately consider the customer in the synthesis, analysis, and evaluation of the
treatment technologies. In the ITTS smdies, only imeidental mention is made of stakeholder and
custemer considerations with regard to evaluation of alternative technotogies. There is not
adlequate traceability in the design synthesis to say what motivated the particular synthesis based on
needs of the customar,
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The INTS stizdy does a much betier job of representing the customer interests than the [TTS
Studies (Phases 1 and 2). The INTS smdy tries to document the input and concerns of the customer
into the design synthesis portion of the report, but falls short. The INTS TSWG, which for the
first time represented various tribal and nonttibal interests, appeared to be a useful forum for DOE
and tribal/stakeholder interaction. The INTS stdy report appeared to be somewhat more readabls
and understandable by the nontechnicai reader,

BLOCK 2 - NEED, FUNCTIONS, AND SYSTEM REQUIREMENTS
About This Block

The Systems Engineering (SE) approach stems from the identification of a need that develops
as a result of a problem or deficiency and the subsequent desire for a system of some type. From
the identification of a given need, one must define the basic requirements for the sysiem in terms of
input criteria for design. The need and requirements for operation shonlkd be clearly defined befors
problem sohations or system configurations are proposed. Definition of system requirements
should include mission definition, performance anxl physical parameters, use requirements,
deployment and distribution of the system. operational life cycle (horizon), effectiveness factors,
and definition of the operational enviromment. Additiopally, any definition of system ¢perational
requirements should originate with the defined customer requirements. Arrow A illustrates the
customer inputs to the need definition and requirements specification process. The “voice of the
customer” should be the basis for all system requirements. Poorly defined customer requirements
ot an unclear identification of the customer can lead to 2 system that either does not satisfy the need
or contains superflisons requirements, The definitkon of the gystem at this point 15 perely from 2
functional viewpoint. The objective is o capture what the system's overall mission is in a
functional sense. At this point, desigrers should avoid overly constrainiog the design and should
zls0 resist the cemptation to jump o the physical manifestation of these requirements.

Questions and Points to Consider

What are the customer requirements?

. Arelat] requirements from the customer point of view defined?

* 5 the functional namre of the system specified in the LITCO studies?

» Are all the requirements related 10 the functional objective of the system?

+ Each requirement must be related functionally to the mission chjective, Which
requirements are superfluous?

+ Does the LITCO snidy relate these engtomer requirennents in a funicional sense?

* How well does the LITCO study address these requirements?

B4




* Does the LITCO present these requirements so as to emphasize the main requirements asnd
those that the design will be most driven by?

» How are these requirements obtained?

¢ Is an acceptable rnethod used to exiract these requirements from the customer and ensure
the completensss of the set of requirements?

¢ Do the LITCO studies analyze the requirements to determine whether they were
appropriate and fupctionatly corvect?

* Do the LITCO swdies point out any inconsistencies or problems with the customer
requirements?

* Are the needs/desires of the tribes, general public. contractors, BOE, ewc.. fully
represented in qualitative or quantitative terms?

* How are these incorporated into the given requirements in the studies?
How are customer requirements franstoted into system reguirements?

* Do the studies show how the sysiem meets costomer requirements from an operational and
functional perspective?

& Dy the LITCO studies present a set of derived system requirements taken from, or
ranslated froim, the customer requirements?

* Do the studies contain a functional analyzis of the system requirements?

* Are functional flow diagrams of the system generatied and presenied in the studies?

*  Are gystem requirements traceable to the original customer requirements?

+ Are perforrnance parameters/requirements such as volume of waste treated per day,
systeri environmental impact, safety, effectiveness of treatment, efc., adequatsty defined
and quantifiable measures determined?

¢ Are the operational envirenment requirements well defined?

¢ Are these operational environment requiretnents sufficient or are there other questions that
need to be answered?

+ Are these operational environment requirements just assumptions or are they actal
requirements?

¢ [f they are not given as requirements, do the LITCO smdies pursue various operating
environment candidates along with the candidate systems developed?
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Do the requirements reflect a systems and Fife-cycle engineering point of view?

# Do the requirements consider a tiine frame for design and development to allow for new,
emerging technology refinement?

+ What is the time frame?
+ What life-cycle horizon is used for planning?
» What are the available skill levels for operation, maintenance, support, and disposal?

* What role do maintenance and support factors play in the defined system requirements to
the extant that they influence performance of the system?

e Ts disposal of the actual system itself considered in the requirements?

+ The LITCO smdies claim an “integrated system enpineering approachk.” Yet the
“systems™ they describe contain only prime mission equipment and processes. Where do
the studies consider other life-cycle elements?

s Why do the LITCO studies refer to development of operational and functional
requirements for each candidate system? All operational and fupctional requirements for
the treatment systern should be the same for all candidates. The only way to ensure a fair
comparisen is by maintaining consistency in requirernents.

Evaluation of the LETCO Studies

Pefinition of the system from a functionzl viewpoint is necessary before the physical form is
realized. In the technical approach section of each of the three studies, it is stated that “functional
and opecational requirernents . . . wers developed for each sysiem.” However, the functional need
a2nd requirements for the ireatment system should not change whether thermal, ronthermal, or some
as yet undiscovered option. There should be one set of requirements for the (reatment of mixed
low-leve]l waste (MLLW), and these requirements should be the same and consistent across all
system alternatives. These swdjes suffer from a lack of adequate requirements and need analyses.
A significant portion of any preconcepnial of concepntal design process is this analysis activigy.
These shudies show little to no evidence of such activity.

The only evidence of functionz] analysis in the smdies is the selection and definition of
subsystems. The subsystems seem to have been separated along functional lines. However, this is
simply a List of fupctions, A e, effective functional analysts would go into depth a3 10 how these
fenctional ¢lements fit together and interact. What are the inputs and cutputs? Finally, an
appropriate functional analysis leads to an effective aliocation of system requirements to functional
elements. Only then can meaningful design synthesis accur. There is no evidence or traceability to
a functional analysis and subsequent allocation of system requirements.
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BLOCK 3 - DESIGN TEAM |

The selection and qualifications of design t2am members are of utmost importance. It is not
enongh to have only techniological ¢Xpertise on the design teatn that relates to the stated need or
deficiency represented. A design team that secks to create a system using systems or life-cycle
engineering methodology must have adequate representation from SE as well as chemical
engineers, operations engioeers, actual users of the system, #nd others. A design team that is one-
sided in its makenp will tend to produce candidate systems that are likewise one-sided. That i3, the
design tends to focus too heavily on prime mission equipment and oeglect elements such as support,
environmental factors, reliability/availability, and disposability. The design team must have
representatives for each of the life-cycle elements that are contained in the set of system
requirements. A diversity of perspectives on the design team facilitates consideration of all aspects
of the system life cvcle. Arrow B in Figure B-1 represents a relationship berween the set of system
requiremnents and the selection and makeup of the design team.

Questions and Points to Consider

What are the quolifications and expertise of rk-a* design team members?

»  Are the LITCO study design teams appropriately staffed?

»  Are all desipn members qualified for their specific aspect of system design?
+ Is the number of team members appropriate?

*  Ave there too many of too few design members representing a particular aspect of system
design on sach team?

* Does each of the requirements in the life cycie of the system have a representative on the
design team?

* Do the LITCO studies justify and present the makeup of the design team, along with each
team member's responsibilities?

»  Are all design team members chemical or environmental engineers, or are a vanety of
sysiem aspects represented?

What method was used to select this design teamn?

+ What are the minirnum qualifications and system elements represented on the teams?
s Is the makeup of each of the LITCO design teams consistent?

Are various aspects of the life cycle represented on the design team?

* Do the LITCO degign teams include ransportation expertise, support expertise, systems
sngineering expertise, ete.?
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Are the motivations/desires of the design team{s) members/contractors consistent with that
of the customer?

* Bagijcally, are the concerns of the customer adequately represented on the design teams?
#* How the customer represented on the design team?

* Do the LITCO studies discuss how the customer perceptions and opinions were preserved
and used by the design teams? .

* Are the design teams one-sided? Are all the members from one discipline?

s Are teams similar in makenp such that meaningful comparison of alternatives can be made
between multiple design teams?

+ Are the LITCO soxdies consistent in their design team approaches?

s [f not, are the differences known and understood 30 that the candidate systems from each
study can be evaluated fairly against one another?

Evahation of the LITCO Studies

Not much information is given regarding the design tearns. The design team members and
affiliations were listed, althongh no specific details were provided with regard to areas of expertise,
specific areas of responsibility in the seady, or criteria for selection to the study team.

Several additional questions arise. The size and composition of the study teams differed, and
few design team members were consistent across all teams. Can the design aliernatives be
compared on an equivalent basis? What or who ensured that the level of effort was the same for
the definition, analysis, and subsequent evaluation of all aliernatives?

BLOCK 4 - DESIGN SYNTHESIS

Once a design team and the system operational and functional requiremnents have been
defined, synthesis of various system design alternatives can begin. Depending on the particular
phase of system design, design synthesis can consist of sechnolopy and system concept
identification. in the case of concepual design, or can be as detailed as compiling various designs
for a particular piece of hardware ag its most specific [evel. In any case, the objective is
sufficiently describe a number of feasible design alternatives so that an analysis and subsequent
evaluation and deciston-making can oceur. Design synthesis is a highly subjective and ¢reative
process that relies on expert knowledge and state-of-the-art technotogy identification to synthesize
alternative designs. The expert knowledge and experience that is utilized comes from the
knowledge and experience of the design team members as represented by Arrow C in Figure B-1,
It is important o realize that each design eam member kas his/ber own vision of the end system. It
is importzpt that eam members realize this and force themselves 10 question their own
preconceived notions about the narure of the system design when proposing candidate systems.
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The candidate systern synthesis is driven by a top-down functional definition of the need as well as
a bottom-up definition of the set of available technology and system elements. Arrow D represents
the input of the two different (but cornplernentary) approaches to system design. It is important to
note that the description of each alternative nmst inchude system faciors and elements other than just
the prime process or equipment. Adequate definition of each system alternative must allow for life-
cycle analysis and evalvation to reflect the set of determined systemn requirements. Arrow E
highlightts the defimeng role that the system requirements play in the synthesis of candidate systemns.

Questions and Points to Consider

How are the varipus alternatives selected?

Are all reasonable altermatives being explored?
What resources are the design teams using to artive at cach alternative?

Do the LITCC studies reveal the methods and sources for ibe selection of the varions
altematives?

Are the alternatives all existing designs or technologies?
Axe vew, emerging technologies explored?

In other words, does the design effort rely too heavily on gither the botom-up or top-
down approach?

Both approaches should be utilized in the design synthesis process, This ensures a mix of
new ideas with proven processes.

Does the statement of work or design weam makeup bias or exclude otherwise reasonable
design alternatives from consideration?

Do the LITCO studies document the above?
Do the design 1eams sufficientdly document the origination of each system alternative?

Do the LITOO seedies give the reasons for incloding the candidate system for
consideration?

Are alternative relection methods based on stated customer and systen: requiremenis?

»

If any shon listing or exclusion of alternatives occurred, is the justification rooted in
cusiomer and system requirerments?

Does each of the aliernatives fit with the stated requirements?

Do the LITCO smdies give the criteria for selecting candidate systems?
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& Are these criteris representative of the eatire life ¢ycle?
¢+ Who makes the decision?

» Ditimately, each of the alternatives generated should be traceable 10 some or all of the
Tequiremenis scated.

Are the alternatives defined well enough that meaningful analysis and evaluation can

occur?

. ls.ﬁ:c st of alternatives defined well enough that sotoe sort of analysis and evalvation can
be made?

» Are the alternatives fully defined from a life-cycle aml systems perspective in the soxdies?

o Do the LITCO studies include sufficient life-cycle information to estimate and predict
parameter values ard (0 evaluate life-cycle cost?

* Do they include at least prelimirtary ideas about how logistical support, operation,
training, #tc. will be accomplished?

s Can these life-cycle considerations be used as analyses and evaluated against one ancther?
Are alf olternatives comparable?

# |5 each of the alternatives able to be analyzed and evaluated fairly, on an equivalent basis?
* In othér words, is each of the alternatives defined consistently the others?

Evaluation of the EXTCO Studies '

There is certainly adequaie description of each of the alternative systems in the LITCO
studies. However, neither the ITTS or INTS studies provide adequate traceability back to system
requirermnems, The design t=ams relied too heavily on te bottom-up approach to synthesize system
alernative designs. There appears to be little, if any, reliance on system requirements to dicsate the
design synthesis process. The ITTS snudies do not document the reasoning behind the selection of
each of the technologies. The INTS smdy provides a discussion of the technology and system
selection process; this fulfilled the obligation 1o the TSWG to provide documentation of the
process. However, there is not strong evidence that TSWG principles were used in the down-
selecting process.

The studies concentrated primanly on technology identification and selection. A tue systems
approach would have also considered many other factors such as facility configurations, geographic
locations and trade-offs, transportation aspects, etc, It is nportant for the studies 1o identify and
document the design synthesis process from the top-down perspective as well as the battom-up
perspective to ensure that the design atternatives produced can meet system requirements and
satisfy the system need.
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BLOCK 5 - ESTIMATION AND PREDICTION

After a set of candidate systems has been synthesized, each alternative must go through a
process of estimation and prediction. Cost and effectiveness measurzs are penerated for these
alternatives using established criteria. This SE activity's purpose is to estimate and predict design
dependent paramgcter {DDP) values for each alternative. Estimation and prediction rely on models
aix sunulations o predict parameter valwes. These models and siimulatiens are based on
assumptions, physical laws, and empirical data. Arrow F in Figure B-1 represents this available
database of physical and economic factors, as well as existing components, parts, and subsystems.
These parameter values provide a basis for comparison with established design criteria to determine
the merit of each alternative, Alternatives that are found to be unacceptable from a performance
perspective can be reworked and new alternatives created.  Those aliernatives that meet ali or the
most important performance criteria can then be evaluated based on lifecycle costing
methodologics.

Questions and Points to Consider

What are the basic assumptions inherent in each estimation/prediciion?

*  Are each alterpative's DDP values estimated using a consistent set of assumptions?

» Do these assumptions match the assumptions stated in the requirements in the studies?

s Do the LITCO studies rely to0 heavily on asmmpiions? Which ones? Thas may jrxlicate
an area for further investigation.

» Are the models used to estmate values for one allernative consistent with models used on
other alternatives?

®  Are we Sure we are 1ot setting up an apples-to-oranges comparison later in the shidies?

*  Are the assumptions valid? Are they necessary? What overall impact do they have? Am
the estimates derived from these assumptions important enough to cause possible decision
reversal (&.g., assuming Seismic Category 1 in the nonthermal study)? If so, more wark
might be needed.

By what means do we consider an aliernative's performance acceptabie?

# There must be some minimem standard of performance to adhere to. What constintes
acceptable performance of the weatment system?

s Do the LITCO swdies retate the acceptable performance criteria?

s Are any of the candidate sysemns not picked for consideration explained in the LITCO
study?
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o When an alternative fails to meet performance criteria, are the deficiencies and areas for
improvement identified?

¢ Do the LITCO smdies preseat this information?
s Are all alternatives held to the same level of performance criteria?

How are nongquantifiable paremeters handled?

s [s there some means for determining the *goodness™ of an alternative design with respect
to qualitative measures such as public confidence, ease of use, etc.?

¢ Are the methods used for determining the “gooiness™ of these measures acceptable?

* Do the parameters meet with the approval of the customer?

* Where in the LITCO smdies are these parameters discussed? How are they to be handled?
¢ Do the measures represent the view of the customer?

* Since these qualitative measures are subjective, care must be taken to caprure the opinions
of the customer.

Evaluation of the LITCO Studies

The stadies do a good job of collecting and describing cach of the aliernative system designs.
What is lacking is a defisitive set of metrics 10 measure the merit of each of the sysiems.
Accordingly, the studies do not adequately organize and define the set of metrics that will be used
to ieasure the system’s effectiveness. Many characteristic metrics of the system alternatives are
presented in the studies. However, the origins of many of the parameter values are not documentad
in enongh detail. Io is well understood that at the preconceptual design stage, many of the metrics
used will have to rely on expert judgment and experience o assign values, but these need to be
documented for fitare design ¢fforts.

These smdies lack consideration for the customer’s input into acceptability measures, eic.
The cugtomer needs to be surveyad to obtain this infortnation.  Various qualitative measures need
to be estimated, These types of measures are not given the same treatment as the readily
quantifiable measures such as mass-flow rates, eic.

Additionally, the smdies do not szt forth a set of ¢titeria by which the alternative systems can
be judged from a performance acceptability perspective. Definitive measures for acceptable
performance need to be set forth in the studies. These measures and their target values need 1o be
listed and clearly stated so that each alternative’s performance can be judged. In summacy, a
traceable set of performance criteria from which to make a statement as 0 the effectiveness of a
particular system design is lacking.
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The smudies incorrectly assume.that all alternative systems equally meet the prescribed
regulatory and functional regquirements. As a consequence, there are no minimum stapdards of
performance to meet or exceed; Le., all systems immediately meet or exceed (to an unspecified
level) the performances criteria,

The stadies do 2 reasonable job of defining deficiencies and areas of improvement.

BLOCK 6 - DESIGN EVALUATION

The basis for the evaluation of candidate systems is life-cycle cost. Given that a set of
alternatives minimally satisfies 2 set of performance criteria, a decision must be made between the
alternatives. In order to do this, the cost-effectiveness of the designs needs to be evaluated. As a
start, the life-cycle cost of each alernative is determined based on the estimation amd prediction
activity just completed. Arrow G in Figure B-1 indicates the passing of the estimation and
prediction results, the DDF values, to the evaluation siep. The entire life cycle “from lust to dust”
st be considered in the life-cycle cost analysis. Some methodology rmst be utilized w estimare
life-cycle cost. The cost breakdown steucture (CBS) needs o be developed and used for each
alternative, It should be obvious from the CBS whether a life-cycle approach 10 cost estimatiom is
applied. Also, the time value of money principle is applied here. Only afier performing a life-
cycle cost analysis ¢an a decision be made about the preferred alternative(s).

Questions and Points to Consider

What is the definition of the system's life cycle?

* Each phase of the life cycle must be considered.

+ Is there a life-cycle model contained in the LITCO studies?

* Do the LITCO smdies contain 2 description of the life-cycle cost elements?
+ Are all aspects of the system represented in the life-cycle mode]?

¢+ Do the LITCO smdies define the life-cycle cost estimation procedure?

* Are a]l system elements, 1.¢.. support, operation, disposal, wraining, etc. represented in
the life-cycle definition and/or CBS?

By what means is the life-cyele cost calenlated?

* What method is used to calculate lifecycle cost in the studies? {activity-based costing,
CBS, etc.) '

* s this method utilized consisiently over the entire life cycle and across atternatives?

* What assumptions are made that affect life-cycle cost calculations in each stusdy?
i
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* Do the LITCO studies examine the effect of these assumptions on decision reversal?
* Which cost assumptions are critical enough to warrant further study?

¢ Identification of these critical assumpdons and others is a fundamental part of the SE
process, especially at the conceptual design level, Do the LITCO stdics report or
identify any assumptions, technologies, vague requirements, etc. for further investigation?

* What interest rate, tax raie, depreciation rate, eic., is considered?

* Are rent versus buy options delineated as musally exclusive alternatives? If not, design
synthesis should be revisited and these alternatives considered.

Evaluation of the LITCO Studies

Largely, the methodology for caleulating life-cycle cost from the system designs was
consistent with sound engineering methods. However, there seems to be no consideration of the
“time-value of money” principle in these lifecycle cost calcnlations. This is a consideration that
can cause decision reversal in the selection of candidate systems.

The life cycle of the systems was not completely described; specifically, decontamination and
decommissioning were negiected. The published life-cycle cost results are quite minimal, thus
decision making or reconstruction by an independent reviewer is made difficult. Further,
sensitivity analysis with respect to critical design and operating assumptions or parameters was oot
performed.

BLOCK 7 - DESIGN PECISION SCHEMA

After each alternative has been avaluated with respect to lifecycle cost, a decision can he
made as 1o the preferred alternative(s}. Given the variety of opinions represented by the customer
and the nmumber of decision criteria the costomer will have, choosing a preferred altemative is
usnally not a simple matter of picking the least expensive design. Customer opinion and perception
play a large roke in this subjective decision-making process. Based on the definition and input from
the customer about what 15 desirable in the system, 2 decision evaloation can be made. These
design criteria are derived from the set of customer and system requirements and are represented by
Arrow H in Figure B-1. This process of weighing mulriple decision criteria against life-cycle cost
is mosily subjective. The decision maker must now irade off life-cycle cost against other decision
criteria subjectively. These parameter values are passed from the evaluation step along with DDP
vilues, as seen in Arrow [, The result is one or more preferred alternatives that can be used o
contisue the design process 10 a more detailed level. These preferred alternatives are always
uliimately judged by the customer; therefore, we show Arrow J returning the preferred candidate
system for review by the ustomer.
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Questions and Points to Consider
What method will be used to factlitate the decision-making process?

o The definition of the customer and ensuring all voices are heard plays a large part in
determining what decision-making too] is used.

o Is the decision-making process facilitated by the work done to this point?

s Are the LITCO studies constructed to facilitate the decision-making process?

¢ s the ultimate goal of the sindies to present many alternatives for a decision by the
custoimer? Or, is the objective of the studies to select a preferred candidate systemn or set
of candidate systems to procesd with?

& Are all design decision eriteria iMemtified and estimation and prediction completad?

s Do the decision ¢riteria trace back to the cusiomer requirements and concerns?

s Are the alternative systems developed, analyzed, and evaloated in enough detail so that 2
decision can be reached, or are the sysiems evaluaied in a manner that does not allow for
a decision w be made?

& [f the LITCO studies do not evaluate the designs well encugh, do they give reasons?

+ Are there areas for further sudy identified in the studies before 2 decision can be made?

+ Should the decision be to continue with multiple designs until a better evaluation can be
dore? What do the studies say?

& I3 the customer, as defined, a major partcipant in the decision-making process?

* If not, what assures that the “voice of the customer™ is represented in the decision-making
process?

What are the established decision criteria and thresholids for each?

+ Are the decision criterita and threshiolds that define the goals and opinions of the decision
maker documented?

+ Do the selecied criteria adequately reveal the deficiencies and differences between
alternatives?

*+ Are there any customer concerns or opmions that are not addressed that are necessary to
satisfy the custorner? If so, then requirements and criteria must be added to the design
process 1o comrect this deficiency.
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o Are the LITCO smdies iterative m nanire, or do they just complete one iteration of design
synthesis, analysis, and evaluation?

How were the decisions reached?
+ [s there traceability within the decisionr-making process?

* Do the LITCO studies provide raceability in decision making? How are the longer lists
of candidate systems shortened? Where are the criteria for selection?

s Are the decisions made documented with the appropriate reasoning and criteria values?

s [f the decision rnakers are pot the custonet, bow are they held accountable to the
customer?

¢ How does the customet have input to the decision-making process? I this role
docomented?

* Are the decisions made on a fair or equivalent basis?
Evaluation of the LITCO Studies

En the end, the ITTS and INTS studies do not provide the proper information to facilitate the
decision-making process. The candidate systems cannot easily be compared, so there is no real
basis for a decision. The ITTS Phase | report initiated, but did oot concude, a “quantitative
systerns comparison” of the system atiribuies nsing an approach the anthors called figure.of-merit
{FOM) analysis. There is no description, however, of how the weighting factors or scoring
guidelines were developed. This approach, a valid methodology fo assist decision making, was
incorrecily abandoned in the ITTS Phase 2 and INTS swdies.

The mait problem with the ITTS and INTS study approach is that only technical ctiteria ate
presented. The decision between alternatives needs 1o be made in the face of multiple criteria, only
a few of which zre going to be technical in nawre. Most of the design decisions will be made
based on much more subjective criteria and characteristics. It is those criteria that these smdies
should concentrate on in the preconceptual stage of design.

BLOCK 8 - PHYSIHCAL AND ECONOMIC DATABASES AND OTHER STUDIES

This block represents a resource for the SE process rather than an actal step in the process
flow. There exisis 2 body of knowledge that engineers, economists, and scientists rely on
petfornn analyses and evaluations. This body consists of known physical laws, empirical data,
economic forecasts, and other studies. It also comprises those existing systeIm components, parts,
ard subsystems that have resulted from previous design efforts, This body of knowledge is great.
To what extent it is utilized is a concern in SE. It is very easy in the design of a complex system to
“reinvent the wheel.” Reunse of existing systems and components is encouraged in the SE process.,
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This bedy of knowledge and experience is utilized more informally than in a formal sense. There
are, of course, useful formal treatments of this body of knowledge.

Questions and Points to Consider
To whit extent Is reuse encouraged and past experience depended on?

& Are all system components “new” designs, or do the selected altetnatives build upon
previousty proven technolegies and designs?

s Are these uses or reliance on past efforts documented in the LITCO sordies?
«  Are uses of past designs and work appropriate for this design effort?

+ Do the LITCO studies provide justification for these uses? Or, should more attention be
devoted 0 new design work?

+ Do the LITCO studies identify areas and potential for future and needed research and
development?

Where do assumptions made during the spstems engineering process originate?
+ Do agsumptions made in estimation and prediction have a basis in fagt or in theory?
+ Are there suificiem siudies or data w0 support such assumpiions?

+ Are economic factors, i.e., interest rates, tax rates, depreciation, etc., forecast using
sound econemic principies?

+ Where estimation occurs, are the appropriate assumpiions consistent with the alwrnative
design?

What effect does this body of knowledge or expert knowledge have on the alternative
selection and decision-making process?

+ Does the body of expert imowledge bias the alternative selection by the design wam?
* What criteria are used in the LITCO studies to make decisions about selected alternatives?

* To what extent is engineering and expert judgment relied on to provide answers o1
estimates of design parameters?

» [z this documented?

¢ What effect do these assumptions have on decision making, and are they explored in the
LITCO smdies?
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*  Are decisions baszed on the estimation, prediction, and evaluation activities or solely on
engineering judgment?

# Are these decisions docwmeniad and justified?

Evaluation of the LITCO Studies

The studies do a reasotable job of reviewing the technology and system deficiencies and
required areas of development. References to regulations are numerous, but many of these are
obsolete or have been superseded. Accordingly, it would be good if each ¢ited regulation could be
updated and the impact of the change on the MLLW treatment problem explained. Further, given
the apparently large technology database, there was little referencing in the ITTS studies. The
INTS study included more referencing with respect 1o the evaluated iechnologies.
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EXPANDED DISCUSSION OF THE TOP-DOWN YERSUS BOTTOM-UP APFROACH

Traditional engineering design methodelogy is based on a bottore-up approach. Starting wich
a set of known elemnents, design engineers synthesize the product or system by finding the most
appropriate combination of system elements. However, unless the product is quite simple, it 1s
unlikely that the functional need will be met on the first attempt.  After determining the
performance deviation irom what is required (by prediction, sinmlation, measureraent, or other
means), the combination of elements is attered and the system performance determined again.

Top-Down versus Bottom-Up Design

This bottom-up process is iterative, with the number of iterations (and design efficiency)
determined by the experience and creativity of the designer, as well as by the complexity of the
system Or product, As the complexity of the product increases, it is less likely that the designer
will come close to the required performance on the first try. It is also untikely that an adiustment in
the combination of elements will actualty lead to an improvement. The effort involved in the
iterative process, compared to the effort for the initiz] desigr, increases rapidly with increasing
system complexity.

A top-down approach to design is evoked by systems engineering (SE). Starting with
requirements for the external behavior of any part of the system (expressed in teems of the function
provided by that part externally or to other parts of the system), that behavior is analyzed to
identify its fiunctional characteristics. These functional behaviors are then described in more detail
and made more specific through a process of refinement. Next, the appropriateness of this choice
of functional components is verified by synthesizing the original part.

Two ¢characteristics of the top-down process are:

s The process is applicable to any part of the system. Starting with the system as a whole,
repeated application of this process will result in a partittoning of the system into smaller
and smaller elements.

» The process is seff-consistent. External properties of the whole system, as described by
the mputs and outputs and relations between parts, must be reproduced by the external
properties of the set of interacting elements.

The first siep of the analysis is to recognize the general functions involved in transforming
inputs into outputs, That is, one must abstract from the particulat case to the underlying genetic
¢ase and represent this case by a number of interacting functional elements. The use of functional
clements lies at the core of the SE methodology becatse:

v A partictlar functional elemsnt 15 applicable to a whole class of systems. Consequently,
one needs only a limited number of such elements to represent 2 large number of real
SYStems.
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» Fanctional elements inherently reflect the top-down approach. That is, a particular
fupctional element is applicable or appropriate 1o a certain evel of the top-dewn
hierarchy.

»  Functional ¢letents provide a link in the spacification of a system. Design-dependent
parameters suck as reliabitity, maintainability, producibility, performance, and others age
related to functional elements of the system.

« Functional elements allow one to pursue system design work well befors physical
manifestations have been defined. This contrasts with designing a system by using the
bottcm-up methodology, where one starts out with & defined set of real elemenis
(components) and synthesizes a system out of metpbers from the set,

There are rwo main differences between the bottom-up and top-down approaches: In bottom-
up design, physical rezlizability in terms of known elements is assured, whereas at the end of the
top-down design process, the systems ¢lements are sull functional entities. Their physical
realizability is not guaranteed. In the top-down approach, ithe requiremnenss are ideally always
satisfied through every step of the design process (as an inberent patt of the methodotogy), whereas
in the bottom-up approach, the methadology provides no assurance that this will occur.

The extent o which the top-down process is applied as a complexity-reducing siep depends
on the complexity of the product or system o be designed. As products get more and more
complex (e, consisting of more and more interacting elements and characterized by more and
nore parameters), the probability of selecting a combination of elements that will result in
performance being anywhere near user requirements diminishes, as does the probability of picking
2 pew combingtion that will result in an improvement.

SE is not likely w replace bottiom-up design. In the end, every project must involve some
physical object that meets the need. At some point in the design process, there must be a transition
from the functional {or abstract) to the physical. Most projects will employ both methodologies:
first SE to reduce the complexity by partiticning the systemn into 113 elemerits, and then bottom-up
design 1© realize the elements. This is best illusirated by the “V™ sysiem design and development
mode] as illustrated below,
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Figure C-1. V diagram representing both top-down and bottom-up systems engineering.
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Ne. Sect. Page 5" ITTS PHASE1 - ASSUMPTIONS OR DESIGN FEATURES

a) Regiations, Permitting and Stakehokder Input

1 1.2.0 4 Two major concamrs of the publs ara control of hazardous stack smislong snd aafe dispoyal of
hazardous solid reaiduss, capoeciatly as it conceing redenuchides.

2 A-1.3 A5 Main themad treatment unlt in ITTS must conform 1o TSCA; specal concideration for PO undor
40 CFR 761 80-781.70

3  Al1d4  AS Limitud tuantites of CERCLA (Butied) waste may ba traatnd ; s RCRA (stored} waste will be
treatad

4 Fammitting under RCRA is sssumed 1 ba for hazamdous waste, Sensral guidalnes for al
thamnal processing of 30id wasie in the Gode of Fadem) Raguiation 40 CFR 240 wil apply.
RGRA parmitiing irvohves addifional reguiations appting o paricular systams depanding on
tha type of process used.

) A-1.51 At Listed (hazamdous) waste as desighated by the EPA is azsumed o be treabed,

13.2 10 The: EPA, huas [stad thres cabegones of ([sted hazardous wastees undar RCRA: 1) *F wastes® froim
naespecific sources; 3 "W wastes” from: speatfic seurces; and 3) "P and U waotes® from
dincarded and off-spacificaton producihs, container residues and acills.

7 A151 A Wastes, whether [t or net, must be charactenzed by teting of pror procees knewledoe to
daderrnine ¥ it ssdibits: any of the four charactanictios of hazardous woasta: 1] corroghaty, 2)
ignitability, 3) reactivity, and 4) tasdcly,

A182 A8 Managamant of Eacondary wastes shall ba aceording in EPA "derivad from™ ruls
B A-153 Al Residue from frestrnent of i washes s stabiized to maet concantraton based exiraction teat
(TCLP) (40 CFR 268,41 ); requineament a abso part of DOE Order 5820014,
w0 A153 A-3 Listnd waxis, aftar treatment, must be dsposed of in an interim ataius or newly permitted RGRA,
conforming Submtte C landiid

11 A-154 AT 4 7 Somoof the secondany wieto Strodtg ane vestigabed for poterdial deksting to allow an
excirmon patrvay for the wasts 1o bocores regubited 20 nonbazardours

12 A185% A8 ‘Thermal units shall be permitied for RERA regulations acoording to 40 CFR 270682 which
redpetos 1) dessripbon Condibione. oparats complante with peciormanes standards 40 CFR
254,543, degeripbion of resticions on wabs soretheents, washs feed rebes, oparating parametsrs
acoonding to 40 CFR 284 245, proposal for frial boam plan.

3 A156 A Thermal traaiment shall be subjact 1 RCRA permit frial bumn plan and infiormaticn 1 be proviced
& keted in 40 CFR 270 E2BK2)

14 A1EY AD 40 CFR 264 347 Eete RCRA momitorng inferrmathon mquirsments. for tharrmally iraating Moo
woasley

15 A-1.61 A1 Section 112(¢) of the Chean Alr Act (CAA) requines that all Sourcs catagories, inciuding thammal

treatment, be identified and that technology based emission stancards be promulgated for each
category; RCRA metal erosssn standands for bolers and Industrial furneces sre sl based; e
e ML achiwvable control stancards are to be based on the best technology cumenty

18 A162 A1t Parmits are now requined for all major new sources; requires engivreering ustification of facility
emsae abel, newy source mir guakity mpects, atd sssessrnent of othor rake to tha

eowironmant; spocifc: operating limits might be mposed

T A1833 A% Setion 10Ma) of the CARA {Ref ) covers tha Metiorsl Armtrient Alr Custy Starwdavds (40 CFR 5%
shown in Tabla A-1

18 AT Fa by The Clesn Water Aot combams no standards for thermal reatrmaent urit sfflusens; it will be several
yoors
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No. Sect. Pege U* 5™ ITTS PHASE1 - ASSUMPTIONS OR DESIGN FEATURES

&) Ragulaticns, Permitting and BHII‘IHJHIH input  {continued)

19 A-2.0 A2 Tables A-2 anvl A-2 show amiseinn (Camsnt and propossd)] for nonrmetals and et for the
ITTS design

2 A | As12 Acconding 10 40 CFR 264.343 thermal treatmeant units operated In accordancs with panmi
racy, rmmsnbs must messt the following parformanca standards;

2 A21.1 A-12 : Ceatnaction rameval efficiency (DRE) of 82.09% for sach POHE designated in permit

22 AR A2 DRE of 52.95953% for divadn type waste, DRE demonatiuted on difficulf to treat sumegats POHC

=3 A-213 A12 Control of HCY when emission ahove 1.8 kghr, rate of amiselan no greater tan arger of sithar 1.8
kghr or 1% of HCI in stk gan befors APG

24  A214 A2 Particulate ermmsion must not aweesd 180 mgidecm (0.08 grains/dect), this will nanrmally be held
at 0.015 grains based on Municinal Whashy Incinenator Standands snd recent EFA, poticy

25 A215 A12 POHCs ars primary indicaiors used by EPA in detsrmining complais combustion; ohée oF more

POHC s will be specihad in pemit from thosa hsted in 40 CFR Part 2651 App VII; EPA repulation of
il srninsions: will scband B ararcous wasts TT uniby under omnibus. provision from ruling
made far tresiing hazardows wastes in boilers and ndustrial fumaces

28 A2151 A6 EPA requires nn finite knal for CO provided! that the concentration of hydrocarbons inostack gas
dorx rot exceed 20 ppmiv {good operating praction) otherwise it ks 100 ppmv GO

2F  A2152 A1 No finkte standard for diondrs had besn set on hazardous waste TT units prior to the imsHm
standard set May 1523

7R A2 A-15 EFA Draf; Strategy of 1963 - %

20 A2S A6 DRE for POHCS - EPA, peneralty balltvos that 93.995; % proboctivie of risks pogod by sreissions

of croanic constiisents in the washs undar virhally svary scenacic of which the agency i aware”;
CAA intarpratad by soma stabes requinng eggregats risk for carcinogans of 1 in millkon, DRE of
90 500% would allw xpint of new requirements: t7 ba sasiy mat (Tabis A-2)

a0 A2 4 A-16 Carbon monmdde and HC - BIF rulke FR 56 (35)7155 (1991 ) sats CO lnvalx of 100 pprm
{technology basad standurd) snd HC of 20 ppmy

1| A2 A6 Particulats matter smalier than 10 microns - EFA in May 1883 draft strategy documant omnlbus
prinision Emits 1o 34 mgfdscm

32 A28 A8 Matals - EPA iisnds %0 apply the BIF metal scvsslon stendards 55 FR 35 p. 7121 ot seq. (1391)
o harardoums waste TT units gsing emnibis provislon

3 AT AAT HEL - 40 CFR 264,343 rostricts to 1.3 kghr or 1% of value in ateck before APC, whichever s langer;
#% & consecvatve maziure thi lower value wars setoctsd for ITTS (Table A-32)

M A2 AT Diowins - Gaman and Dutch povsmmants limit dicdns and furans to 0.1 ngicm; mchnology

basad standard achlevabie using carbon fiftration

bl mpui Waste Characheristic

35 110 1 Miad low-svet wastes {MLLYW) in ba tragtsd are contact-handiad, afpha and nonsisha
materkals conssting of arganic and monganic solids and lquids contaminated with edicactive
subshances,

5 110 1 Regulstions promulgated by DOE and EPA govem the storege, trestment, and disposal of these
wWashs

) ar 1.1.0 a The wante types reated are described in the DOE WMxed Yaste Inverisry Report (WAIR),

aa AN A13 B 7 ITTS shal treat the wasts types deacribed in Tabls A-4 Phsa 1 report

T
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No. Sect. Pags U* 5™ ITTS PHASE 1 - ASSUMPTIONS OR DESIGN FEATURES

5) Wput Wasts Charsctaristios  {contionme)

3 132 "0 B 8 ITTS will raat MLLWY and aipheMLLYY of the types listed in Table 1-4 [Fhaza || raport) (updated
froum Table 1-3 Phas | report)

4 132 10 Al waste 5 contact hanoed

41 1.3.2 10 It b5 assumad that input wasis contains EFASstsd and characteristic weste

az A-4.41 A30 9 2 Charactaristics of primary and secondary wieshs output must meet cument and articipated
mmmmﬂmmmnmmmmngmmmem

5820.2A
€] Waste Charanterization
43 A-3.0 A-1T Proposed chraractarization requiremesnts - Each step of TT will reguire characterization starting
with waste corrbamens to final waste formes, offigas, scrubber sciids
44 A314 AAT Mon-destructive drum assay procadures for radionuciides having errorm of +_100% at 100
ranocurics per prate (nCg) ar corsdensd adequets bor charectrizing input
45 A3 AAT M-ray radography can be usad in presorting to datarmine: phassical Chioradctersstics,
45 A312 AT Chemical analysis for RCRA saganics and harsrdows metals scoording fo the fol owing:
a7 A312 AT 40 CFR 264.31 for wasts analysie atates that “throughout normal eparation sufficient analysis tc
verily washe foad within physical ang chomécal imiks spaciiad i penmit
48 As32 AT 56 FR 35p 7171 addresses 10 metals under BF rnule ond Indicates anahysis for tf suspeched in
wasls
43 A312 A1V During triel bum cortein chanacherization reguinemeant smust be met
5 A342 AT 47 FR 122 p_ 27528 provides guidarcs in terme of detection fmits that might be nesded for waste
characteriZation
1 A-31.2 A8 EPA dows not discourage uss of characterization tn define wasts faacs Into various groups
52 A312 AAB 40 CFR 265,341 for wasts arcdysix recuires. (for faad) heating value, hatogen and sulfur condant,
[mnd A Mty (Lnkess dotutnentatices shows s atencs)
53  A212 A<B 40 CFR 265.4 5 requings writhet: amatysis plan providing detzied chemical or physical analysis of
rmEpesantati smple
44 A2 AdaB 40 CFR 264,13 for genaral wasbe analysh raquines cdataled cherrcal and physical ansalysis
belore treatment of representative sampls
&5 A312 A-1B For TTS study, proposed that batshes of vwaste for 24 hour campaign be shrecded, compositad,
mized and comgplete suite of EFA SYW-845 anclyses be performed on composite
=5 AR AAB EPA SW-B46 sdoptad for analysis of sipha contaminated mbmd waste
T4 A-313 A-18 Stack gas samping methods should comply with 40 CFR 60 App A
5 A3E1 A-13 hathods of offgas charsctarization will be contained in DOE mport "Chamcterizabion for
Treatrnant of Containerized LoweLavel Wastes™ May 1553
5@ ARZZ A EPA procadurs SVW-548 will be used for analyring wcrubber solsticny.
e  A321 A-18 Battom ssh and fly ash - redceseay of TRU requmad (routne methods available), analyshs of

sak content moy be nesdad (routine methode available): RERA metals analysis ot nesded as
axsumad waste will have Mrvele of regulatory concem; snalysi of TC may be requirsd to uhow
absence of carbong
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¢} Wacks Charscterization  (sontinued)

61 A-3.31 15 Final waeta fore - TELP b hing tosts will ba unad to meet EPA nquirsmants for buriad ina
mibmd waste dispoxal Faekity,

d) Genoral Design and Oparating Assumptions

130 1 Traatmant syetems :mmummmﬂmﬁium rogldues
and radionuclides prior iz disposal in g MLLW Sisposal faciity.

&4 t10 2 Tharmal treaiment is the most affeciive technique for destrocton of fowic ongants matarials

64 1140 3 Incineration has been desigirted by EPA &5 BOAT for destroying a numbar of thess organic
waste conglifuents

a3 110 z ncneration is 8 mature and proven fechnology, technical rsks are kw and costs are well
establshad

=] 1.20 3 Fecus of ITTS shudy was innovative, cost effective freatmaent syshene that minimize short-,
lotg-teern schaerin impacts ty workers, public ecvimnmont, beafth, safety

&7 1.20 34 Tweha TT syotaing ivtialy conpalored; pansd of anginsers with dversa dupodance, tethrical
backgrounds in incineration and stobflization rediced to ten systems

58 120 4 Suluetion process. praserved abiity to svaluate costs and banefite for incinerator type, meynen
or air B combustion, CO2 ratsebon, wet ve. dryfeet APC

69 1.240 4 < I | Speciic attanton pakd 10 APC dasign; inbent 10 specify configuration o provide order of
magnitie improvement in smission performance relative o EPA standarcy

m 120 T Yitrification can provids greatest proteciion agatinat srivirermental relsassa after disposal |
provides margin against mdm stringert hilre releats stahdards

Al 1.20 7 hndgumﬁanpremndhhsbﬂtmwﬂﬁmmﬁmdfwwrﬁ_mwbr EEA an
BDAT

72 1.20 i Al pacinckary teahduss processed iy ascondande with regulatory requinements, Tl vollines for
dnposal estirmabed

73 120 7 8 2 Costx sstimated assuming spetem is govarnment owred and condractor oparated (OG0

T4 120 v Transportation and dispasal coxts apptied 1o disposal volarrae for aach systam in PLCC extimaim

75 132 1 g 6 The rombnal capacity of the systerm shel be s shawn In Table 1-4 (Fhasa 1l report) (updated
from Tabke A-O Frase | report)

L] 132 1 Sold and shaips waste will be shippad o tha freatmant faciity in drume, matsl Bins, snd waedan
and flavglyes biotes,

i 132 1 Ligpad wirste i shipped 1o the fucllity by pipeline, tank truck, or i contanars placed on wheshsd
whiches

T Ada1 A0 8 2 Shallew land bunisl assurad for LLW and treated ML engineensd shallow land disposal for
alpha LLW and aipha MLLYY

Fit) A=t 42 A3 Final wareds form s o stabls and lsach resistant ol producad by vitrifiostion or soidification

&0 Al AT Final washs form satishes parfomance aesessment reguiramsnts for alphs concentratons up m
&8 nCilg TRY

81 A2 AT Wl pretreatment wil includs removing large butk metef (> 10 om)} and depressurizing o

winplying ternperetuns sensitive materiaty such os gas cylinders.




No. 3ect.  Page U* 5™

ITTS PHASE1 -~ ASBUMPTIONS OR DESKGN FEATURES

4} Gunarsi Design and Operating Assumptions {continued)

62

898 &8

8

100

10

o

102

104
108
10
107

A-5.3.1

A531

A-d 4.1
A~ 41
A-441
A-d.4.2
A-dq2

A-4.4.2

1232
AB1

A4

A-G.1

134
11
134

A-d 42

A-d 42

a3

43

4.3
< <)
33
a3

A28

A28

A-30

A

10
A-14

A~

1%
14

14

‘.#.- H
A=
sF
58

=l

£n

W o & @

oW W~

B w D @

N e O @

Pricnary reabmsrd to mest EPA nexpairements will incluci coddation or decompositon of
combusiizes to reduce volums and destoy RCRA-Controlsd subsiances,

Noncambustikies will be teated to destray RCRA contralled contarminarts and refmove moisture
Enginsored disposat facility usad for costing

Output LW, MLLW, alpha LLW, alpha MLLW shipped t end disposad t Nevada Test Sits
Dagigrn of final waste form Eased on surface disposal at sfte cther then Nevada

Froceqsing sites for transportation punposes will ba locatad at Ouk Ridgs Reservation and INEL
Qutput wasts will ba packagad in 35 galion grums meeting DOT requinements

Witrifmed waeks will be placed in thick walled siwel containers meating DOT and TRUPACT I
criteria

Fir warste forrivg will mset contact handing reqursmants with no sdcbional shinkding besides
tha containar

Syatem will ncarperats miivurn shisiding: shiskiing rot 2 facter in systermn parformne:
Faciity will be placed in Sefmic Catigory 1; bulding wifi be claexifind me. modanaie hazard
Tacilty .

Fackty design will mest iocal, siade, and faceral regulations, incuding genseal design critera for
DOE faciitas cortainad in (KOE arder 5430.1A

RCRA design consiraints and pecfommance spacifications hold for storage and trestment
Bcilttes ind wasts stabdization

Primary design requirement is iriple canhainment of apha contamination; keriiary cantalnment wil
ke ussd for wasie scrting through wagts atabiipatian; two levels of containmant for processes
with Emibec potential for sirborme materials

Syateder unll safely hande input washs over 100 nCilg radioactivity TRU rraterial

Evalusted thormal teatmant technalogies arg wall devaloned

Technologies will ba ety for plot-aCals demonsiration in 2 years, inoorporation ine finsd
dwaign in 3 ywmars, and construction in S yeams

Surpe capacity for indoor siorage of MLLVY drums & 2 10 6 woaks
Firul wasts forrms for LLW will be delistabla io reduce the cost of deposal [Sublithe D versus.
Subtithe T}

TRU wasbe will comply with crileria for the Waste |solabion Pt Plant (WIPF) end packaging
undar DOE TRUPACT } and 10 CRF 71 mequirsmants.

Elernorttd rmefoury empises 5% of stregin designated ws marcury cortaninsted, mrcuny
coneentration n remaning siream is 5%

Sinhdlization formulrs consist of 1 part xoil or glass forming addiie to 2 parts, wasts (vilrification),
1 paart polyrar 1o 1 poat waste (polymer), 2 parsk grout ho 1 part warsde (Qrout)

GOz atwarption, Sme recyciing i 50% and rejection & 10%

Zall recovery process, sall oracking sfficlency kb 20% {109 & ejected)

Metal recoverad from inciverator fead is 1% of nput wasts

Organics recoverad o therms] desoeption ara 5% of feed

D-&
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d} Genparal Dasign and ﬂperaﬁughslimpﬂum (contnued}
104 a3 58 8 &8  Theash content from combined combustitie and noncombustible wasta s 54% of feed, ash
from combustble waste B 796 of fead, (ime scarded after calsing s 10% of feed

108 3.3 58 g a4 Fead rates {k/hr) to primany trestmant Al 9 A - 2000 corsisting of 1340 roncombastibles and
630 combustibles; B1 and D1 - 630 combustibles; ©1 - 2149 conaisting of 1340 nancornbustitles,
G560 combustibles, 145 metad; E1 - 1340 nonwornbustibles to desorbar, G50 comburtinies plus 289
organics (from desorber) to rotary kil

110 a3 £B 3 8  Ohgank kquid waste cubsystems (Rvhr) - 51 ergane Tepuid in combabble waste, 16 aquegyus
orpank: Bquid in aquools waste, 353 racoversd durng doesarplion

111 ABA A34 3 7 Proosss units will be dexigred for 126% of the sepected rass fow rabes.

112 AS51 A-19 Sysarm for basting alpha MLLVY snd aipha MLLW thould accornmociate input usste with
radioactivity kevels of TRU waete which is waste wxesading 100 nCifg

113 A A3 B 8 Cparton of the featment faciiity ks assumsd to be for 24 hours par clay, 5 days per week, 240
cays per year, at T0% capacily doring poaration.  This is equivalent to 4032 hours per year

114 ASd AZS 6 T  Fewerthen three shift operston fir small capacity faciilies

115 L 107 Evaluation of technology risk assesses probability that system or subsystem mects setablished
objscives. tachnical, armdronnental, safiely, and healthy; institutional; cost; schedule

M8 521 108 Systam Al: Composad of most well devaloped sommencial tachnologiss, majority of
componants usad n razardous waste apphications, avalkable from several verders

17 52111 109 Tachnicsl sbjsctiven: complancs with pnmttﬁnn-nupmblim

118 52111 10810 Tachnical objactives: compliiance with amiseions - sxpacied to meet sndands, aneas of
cevelopmant includa maraury temovad, lad removal, aotinides, dioxdins, nittogen qxides

113 52141 111 Technica! ohjectives:; complance with characterization - fesdstock charscterzmtion urdt needs
anginaering deveopmant and demonstration for imbegration

120 52111 111,112 Tachnical objactives: oxmpliance with functional and cperatianal requirenents - echnalogles

ars wal devaloped b some desion ConcaTes,; Mot delrimantal to system sffactiveness and can
ba rescived through systerma snginesting: conamat for mancury management, tarnparsturs
profife (APC) for optimum porformmance

1™ 52141 142 Technk:al obyjactivos: campliance with faciity doskin Pepaminembs - dyatirn comphes with
fnajarty; majr shea Goncarm ks aipha corfivameant, propesad appriach seldem weed by DOE
and further svaluation nesded

172 52112 112113 Safuty and health objscthvies: two rait concems whan procaszing sipfa washe ame acceptabitty
of rotary kiin s wokrillzation of sctinldes

123 52112 112113 Sofaty and hasith ohiactives: acceptabiity of rotary kiln - concsims with maintenancs, aking
sealy; sohutions described hor both

téd w2112 112113 Safety and health obyjectives; volatizeton of actinides - potential relsase to atmosphane is
greatast ESAH concer; furthar study requirsd

125 52113 113 Institutional abjectives: Expariance in simiar i@y kin apphcation (ORMNL, Savannah River Site),
feach resistant, high integrity waste formn sheuld help gain public acceptance

126 52113F 113 nclitutional cbjectives. Recogrized tat publc and siadw and kocal permiting agencies not

recoplive to incinerators; with selection is criboal
127 52114 113 Cogt sbjecihes: Cost risk low for noraipha wasis, risk of cost ovemruna high for aipha waske




No. Sect. Page U* 8% ITT8 PHASE1 -~ ASSUMPTIONE OR DESIGN FEATURES

d) General Design snd Operating Assumptions. [comtnued)

126 52114 113 Cosl gbjectives. most sygham campanents naed dmaicpment for malrtenance and
decormtaminaton for aipha snvircnment

128 22115 114 Scheduls abijectivies. sopected to be ready for detallad design within specified schedule, no
wignificant developrment problerns or deleys expected

130 S21.24 114 Raceiving and preparation; moderete tschnical, ESEH, sost, schedule risks asaociabed with 1)
axsay and nondestructive wasts container examination, 2} dacapping, dumping, sorting

131 52124 114 Developmant neads: Riecl time radiograpity, alpha radistion seemy, sorting tabla, conbarer
dacapping

13 52122 115116 Incineraten (primary tregtment). low tochnology rak for procesting nonaipha and madarats
technology risk for alpha wasia;

133 22122 115116 Davaiogmeant needs. for: shradders and cther feed preparation equipment, solds saparation,
rotery Kin incinerators, charmcterzation (ncinsrtor fssd and botkom ash)

154 52123 1g117 Alr Pollution Controd: mest equipient (scest monikeing) well developed and widely used
(i rsry) but wxtensive deastopimant iod systerm Rrbsgration

135 5212323 116117 Development nasds for: induced fun indttions, baghouss temperaturs: Emitations, activated
cartvon filer termperabuce Rnibabone, stack momstonng equipment, beck lusheble stainkess stesl
HEPA filttars,

136 52124 118 Lead Recovary: moat equipment wall developed and widely used {industry); techinokagy itk
|

137 52124 118 Dervilopmant nead= for: many Similar to incinerator APC; teatrmant of lsad glovas

138 52125 118 Marcury amaliganaton; well ceveloped and widely usad industry); technokogy risk s low

1% 52125 18 Cavelopment neecs: primarity aystem irtegration

140 B2126 18 Metal deconiamination: well developed with many units usod in nuchesr induatry; technology risk
i bow

i1 52126 116 Drervolotrmant needs: sofito oquibment regquires syatem imbegration

142 52127 118119 Metal idatting Masd for subsystem in question; coukd ba viabla if sirgle unit with aquipment fior
fabrication of recowored steal 5 built for antire DOE comples wirsta

M3 52127 114118 Equipmant is wall deveiopad (operating unitx in LIS and Germany); technology nisk is ow

144 S2127 118,119 DCavenloprent needs: fuxing agents, system integration of sorme squipment

145 52128 119 Special wash treatmen desipresd and deveiopad on case by cate basis

148 52128 119 Waste ksl must b developed and candidete processss shodiad

147 52128 119 dnticipatad warsts bo reactive metad (a.g £2diom contaminatad debric)

148 52129 119 Adqueous wakte trextment Commencialy avalable processes and equipment; low tachnology
sk

148 B2129 119 Developmant nesds. minor, approach of precipitation, Skration, ion exchangs, acivated carbon
for mercury removal must ba finelzed

180 521210 118,120 Primary stabiization. Tachnology risk s modanabs, minos tachnicl unce tairtes nxman

51 E21.240 119420 Dovelopmant naeds; melt chemistry and vitrification farmulations, meler fumnace design,
::phrhuwhﬂbadmﬂﬁwdmﬁtﬂdm.hqnddwhmhm

152 521211 120 Sacorclary stabillzation: commarcially available sqripment; low Sschnology sk

D-7




153
154
155
158
157

58

158
160

181

162
182

164

165

-
167

188

168

170
1A

172

173
174
175
178
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MNo. Sect, Paga 9 S™

d) Genersd Design and Operating M:l.inplim: {contirued)

S21.211 12
£21.212 1201
521242 12012
522 121
S22 11
f2212 11
52212 1M
5222 12122
5222 121122
523 122
H2a1.1 122
£2312 122
£.24 123
2417 113
82411 12124
52412 124
52413 124
52413 {24
52421 124925
52421 124,125
92422 1%
52422 125
.25 125
52511 1%

ITTS PHABE 4 — ASSUMPTIONS OR DESIGN FEATURES

Developrnant newds: seloating polyrer agant to stabillze ok wvd mest EPA TELP

Canify and ship: commarcially availabde equdpment excopk asssy unit technokogy rick is low
Davaloproent nasds: sezay Uit (Sama o recafving and prapantion)

Systern AZ Same 23 A7 socept USes oxygen 10 mirimis offts volums

Tectwmizal ohjoctives compliance with emissions « NOX a concem; mduction of polisant mass
armisskon rate by using cgypen {lower offgas valocites)

Institional ohjaciimes: battar acceptance af thermal freatment by public, state and kol
agancies dus fo mduced offigas volume:

Inexttestional objactives: concames with concentration of pollrtants r ofgas

Irucirveration (primary treatrrant): additional fek over A1, Smited applicaton in treating harardous
waEks -

Carvidopmettt nasads: autygen control, laky soaks [aebears controdalile), burmer design, flame
propagation and controd, prevanten of ash slaggng, NOX. control

System AZ Same as A1 mcept uses gl wat ftration APC; minor differences in technology sk

Technical ohjeciives: mecury managemant - AP scnybber Equor may nesd additional
Teatmert step; lErger acUeous wasis ireatment

Safety and haakh obectivas: e desirable than A1 due 12 highes firal waste volume {ai
sorubizar solids o pelymer solidification inzisad of vitrife:ation)

Sysiam Ad: Same as Al woept 1) incieraior uses oxygen bumer, ) APC uses anly dry Rtiratian,
I CO2 rotention added; Bigher syshier tachnskegy sk than A1

Techniesl objectives: compiancs with emission imits - concam with fate of RCREA metals
Tecinizal ohjsctives: compiance with functional and operationsl requinements - deveiopment

for 2erg gir inleakage (greatest obstacte to delayed releasa), sampling mathods for detecting

EPA controlied pollutants in spent me, methads for separating and releasing inert gases and
solds, detimining radionuchida fate, process seirol ntegration

frestitutional objectives: possils positive raception by public, =i, dué in alpnificantly mduced
offges and deiay hature

Cost objectives: GOZ retention in infancy, cost of system and waste dispusal not acourabely
sgtiimated

Seheadue chjectives: CO2 retonben B imfaney, many uncartaintics i procoss devalspment iming

caneration [primary breatment); maln concem s potantial for sir Inkadcages although kin vandors
v sigrificanty advanced schrokgy

Devedopiment nesds: seals, oxygoen burner design, fiarna contrd, combustion corygen control,

=xh slnging prevention

APC {CO2 mtention): considered to hava high technological risk; first of a kind application in ITTS
Development needs: many {undafmed) in prokhyps snviriment

Sywbern AS: Same as AT but vitrification elwinetod end all recsduss stebiized by polyons

Tachndeal objactiveg: raduced sschnicy uncartainty by oliminating vilrification but accaptability of
potrrrizes] washe form for kg tern aipha wasthe 2 conean
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188
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180
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102
163
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185

196
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198

129
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5251.2

5.251.3
323135
a5
£28

5.2481.1

52812
£.268.1.3
£.2813
£28.2
s2821
52821
52622
§.2622

5311

£11.2
532

£.a21

$az2

%323
£322

£323

540

4111

128

124
126
126
128

126,127

127
127
127
127
127
17
127
127

128012

129
128
28
128

1291
128

129130

130

120,131

ITTS PHASE1 -~ ASSUMPTIONS OR DESIGN FEATURES

) General Design amd Oparsting Atsumptions {contimued)

Safety and health objectives: lsss dasimmble then baseling dus to higher wasts voloma_ less
statde and morg leachabls woaste

Institutions! objsctives. may be viewsd Jogs favorable than Al bacauas of Mgher wasts woiume
Instiuticnal ohjsctives: kwar taal offgas volurne {ro vitrifer)
Subrgystorny: slightly lower technology risk, rebithes 19 A1, due o simination of vitrification

Systorn AS: Same ae AS mcept for 1) actvabod carben in APC io reeyclad, 2 matsl solids
separation unit sdded to cinerator foed proparition, 3) APC sak recovery process; higher
techrology sk than At

Tachnical chjsctives: conplianca with furctional and operations! recpiesrents - develpment
racded for metsl recovery devices (complicated when processing alpha wasts), marcury
capiure from spant carban, concept for salt eracking {sleatrolytic proosss prapossd bt neads
avalmtion)

Irtitubional shiectives: may be raceivad mbnk poaitively dus 1o wasis mirmizaton

Gost abjectives; solt pacovery process, yet o be dafined, smal part LGG

Schedule cbjectives: many uncermaintes in development iming

Subaysterns: higher technology riak than Af

icimersbon: concerh e Sotrphcated fromt end

Oavaiopemant nesds: fead praparation to remows matals

Salt recovwry. wry e kKnown (process efficlancy. wadte volumes, Ky process parametere)

Development neods, evahmstion of salt recovery options
tsmparah e opatation, greater technclogy risk than A1 alihough components comnarcially
complicate process conired; lowsr raliab ity and avallabifity

Technical objectived: concems ara drynkg of nomcombustbles (roechanical and oot
complesty, trace organics), vitrifer cpenation with residul armmnics n ash

Institutional cbjectives: betier acoeptance dus to lower {1/6) ofias volumne relative to A1
Subsystems; greater mchnology rvks retative to A1

Recehing and preparation; higher soring demand that memeases si2a and complexity

Incineration; pyrohyzas in advanced development stage and rexsonably fimdbls; conoems are
conzistent fasdstnck {combustibles only), @cygen contrd in pyrolyzer, minimizing carbon in ash
Incireration: for vitrifier, ne data on imit on carbon i ash before qualty of vitrified waste affected
Deveiopment nesds: seal dosigh iprobably sasier becausa of lower temperaiuras); further
invexdigotion of key bempenahone: pyrolysis and ellmiretion of refractans (benafite)

Devaiopmarnt naace: pyrolysix and vitrfieation tects to defarmine carbon m axh imite and how &
Zeddize earban in virifioation unit (6.9, rxyoen lnca)

Systern C1: tachnology curmently used in metaliungical ndustry, differs from A1 in that combastion
ang vitrification in some unit, and matel melfing efiminated; highsr rizk than A1 dua & ok of
cormmarcial sparience, componers ey il but equing devsopment amd
detmongtration for Pbegration

Technical objectives: compliance with smissicnn - caveicpment to determins fate of volablized
metals and actinides in APC and mathads of cagtum; solutions includs moving sand fiker
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d} Ganeral Design ant Operating Aimirnpﬂom {contnusd}

200 E4112 1M Tachnical ohisctives: complisnos with funciional and sperational requirsmants - tachnology B in
ashvanead devalepmart stage but can not be cormiderad commercial system will be
commarchaty available within required fime: frarne

202 542 13132 Subeystems: overall technoiogy riske iower than bassding: higher technalngy rek for primany
fractrmant
X3 542 131,132 Incineration (primary treatrment): simpler, in principie rewtim to rotary idin (A1), sasily acapt o

chanpes in feedsinck hedting value, pracize combusiion oxygen control, compact configuration;
many units used in preciafon motalurgical melting

204 S42 131,132 Incirwration; concerirs with shecireds B (<100 hrs on sumogate wasts), fyps of refractory Ening

205 580 132 Systam D1 ; Gfars From A1 in 1) foeed hearth oic controled Incinenator, oxygen firing, treats only
combustible wasta, noncombusible wasts sortied and sent to vitrifier, CO2 retentian for offgas
discharge dalay; higher technelogy risk companed to Al

206 55111 132 Technical objectves: comphancs with emsian Imits - 2ame 32 Ad with COZ2 retentien

7 585117 133 Technical obiectives: compliance with. functions! and oparatonat mequmirnents - APC same o
A4, acid gas removal in vitrifier APC. dus o treaima t of noncomBustibles (with potantial residual
orgranics), vitifier scrubber to capture volitifized salts sifecta xir locics around feed chods o
prevent air indaakage

208 A53t.2 133 frestitutionsal objecthass: may resull in better acceptancs dua &0 lower (1710) offgas volums, delay
feature thst prevents neiscase of poliiants

202 5513 133 Gioat objactives: COZ ristention in infancy, mtnfsrm'nﬂtmlmtudspoulmnﬂbu
estimated acouratety

210 B514 133 Sodrodile obectias: GO2 retantion ininfancy, many uncataintes in process developrmant trng

21 552 134 Subsystemns: higher technology riske than AY; componants ars commercially avalabls but

A2 5521 134 Racanayy and praparation: higher soriing deamands: cousss mons complas anc Brger systeam

H3 5522 134 Incineration; concers ane minmizing air inkakage

214 5322 134 Devedopment neads: seaction of Moad hearth fumnace design

215 5523 134 APC CO2 retantion: sams concams & Ad

218 5523 134 Development needs: [ins racying sificiancy, ol CO2 capture methods

4 b S60 134135 Syatern E1; charavtorized by minimat procescing, diffars Bom A1 in 1) thermal desorber for

trauting EFA delbris, 2) affgac fram dasorber bo motery kin incinerater, 3} grout stabilzaton of
dimporped pollds: higher technology rizk than At
18 5611 135 Technic obdecthes: compliance with functonat and operationsl requirsments - ovars |amer

and more complex facility dus to e xorting requirsments of desomion, Brger firal waxpe
voima, final woeshs form Bee 3tahie

218 I8z 135 Institutional objectves: possible lower acceptabitty dus to hicher final wasts volume, kess stable
wirste form, even though less cffigas

=0 582 155 Submystams: Acding thermal desorbar prduces higher chnciogy rsks; components ane
cormmersilly available but requine develpment and demonstration on integrated level

= 562 135 Recahing and praparation: unosrizintes with requirsments for sstensive saring

282 562 135 Priary treatment concems with melting plastic in desorbar

D-10
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§ 8

235

240

20

29z

=43

245

562
AS2
A2
AS2
AG2
ASZ
AS.2

AS52

A-532
A-5.2
&52

A-5131

A5

A5
A58

A5

A53.1

A5 31

AE 31

A530

ARl

A531

A531

A3

135
A-g7
A-ET
A27
A-2?
AT
A28

HA-2B

A28
A28
A-78

A-ZS

A-ZB

A28
A8
A-29
A=29
A2
A-29

A-20

A-28

A-2%

A-29

ITTS PHASE1 -~ ASSUMPTIONS OR DESHiN FEATURES

d) Ganaral Daskn and Operating A.-m'.lmpﬁan:; {conticrimd)

Devalopment neadi: operating temperaturs of desorbar to get good organic dasorption

Lesd inany form o be removed as best as reascrably possible, sent fo approprixte treatment
Eulk mercary aid ol waste suspacted of mencury cortamibaton sorted, seat to mecurny reatment
Contaimrs potamtally termperaiune senaiive, sat asida, depressurizad, mada safa for troabrant
Conlminers of wirsts hot requiring aorting should be processed intict, if approprinte for system
Wiaste containers dacormtaminoted or processad with builk metats if not processed with wasis

Drums shouid be nondeatnuctively rmonitorsd to detemmine plutonilim content (desirable but not
yat poasible) and groax guid comment

Wapor sampies to be takan cn-ine with direct readowt of compesiton from shredded wusts n
sampling bin

Pretreatnent blanketed with nirogen ar other inert gas

Insakepe to primary thermal frestmant should be sstimated

Units for waste preparaton, thehral treatment should tobarate kofe kval of inadverteetly fed
wplotne Matarak

Lewsde of substances in oifgas from primary tresimant must mest requirements sat forth in RCRA
ard TSCA

Parts of cystam processing alpha wast should cparate af siight nagative pressurs, tolsrabe in
kesiage proviced

Combustion o should be taken fom mmemsst comainamerd

Mz bguid efflueant shoukd be: generated with rokstitrs discharged 40 building edrwmst of process
wback

Process monitoring and cotbred should be reconded and audited and be suificiantly recponsive
o pravent upsat and aucasshe reaction

Alr poilution control sysisms must mest or exossd cument, anticipated raguintions with
performancs apacificatises set to mest or sessd cumant reguiations by 10 imes

Trasirnent and cotbainment Systents shoukd ba fesibla 1 Bocormmodate maomum procoss
upsets and falunes

Btk ferrous metals treated by decontaminabon o fres release standands (DOE order 5400 5) or
by metal matting {0 destroy RCRA contaminants, remove surface contamination)

idetal mecting from rehsese standands should have scrap vahos; rratal reatsd by melting
ramved from driposal strean for ROE recychs purposes with sara vabkee

Buik laad should be treated by eurface decontarnirition if rexsondably determined to have d
activation products; otivr kad treated by melting (rofnova noncem bustibleg], caet ittty bocks for
DOE uge, atemative i microsncapslation

Meury with rdioartive contimination treated by amalgarnation, radioactvity fres rmercury
should be ractvared (distlaton and captune), okl &% ScTap

Aguects waste trazted 1D suvspomta wiker, immobilize contaminants into final waste formn; highly
ackic or alkaling wasts neutralized; organia iquics ireaied by codcation, Chionde salts treated b
SETE Manner &5 offgas meatment sait esdues

System desigred for 20 veor operating ke, particular attention to saze of madntenance: and
setection of materis to avoid comosion Sl

!
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d) General Design and Operating Mmpﬂnm {continued)

247 AS53Z2 A9 Varsulie systams that can bandle wasie type variations, msimam separate oparations, ans
desirabis

248 RA532 A9 Five oxidation, thamal irsstrmant technoicgivy meat mplementability raquirsments: flukdized
bad, rotary ki, plsma ane, controlied air stationary of moving bearth, Indirectly heated pyrolyzer

240 A53Z A9 Volurme: of effgas minimized to the extent possiide; externally hested pyrolyzar, oxygen instead
of g, racyoling gasen, long realdence thros

250 AS532 A9 Fiuid bad systems should recycls inert haating material

2t AS532 AN Contairmaont chamber should be wesd Tor sseting around rotary kin; rotary kiln shaould ves

doubla seals with intemal preexum adp et

252 AS3Z A-23 Combiiston sr shoukd be taken from secondary umﬁmngm

253 AL532  ATD Feosibiity converting RCRA metals and ox|des from chioride salkts should be evaluated

254 AS3Z  AFD Volaization of matals kept ta minimum for systems dasigned to retain most rmetals in bottorn ash

258 ASD2 A-30 Tode secondery wazie fiom APC comaried % nonboaes (mon RCRA controlled) LLW if
sconomicelly justified

265 AS532 A3 APC ahauld offor baat docontamsnation facior for radiaactive matariale and Dot rernoval
wfficianay for toode rteriale; sholld provide redundansy of salact companants to allow Emidad
mainberance while andine

7 AS53Z ASD Theee stages of HERE filters bofore gxx m discharped; Riters in profilters and HEPA fiftere should
ba proceasebie in therma theatrment anit

2% AS832 A3 High vapor pressure metats zhould be captured by APC for high volatlity systems_

23 AS02 A-SD &P C shoud use dry or sernl dry first sbep to minimize redioaciie wat sffuent

280 ASR2 A-30 Salt remrved by aquecus wishing (sak » 3%} if sdid zecondery wastes from APC B be vitrified

81 AL32 A30 Schd effmrts rom APC may be stabidlized by polymers; cement shabiiztion not feasible for
high salkt content {nct yet detarminad)

w2 AS32 AZD 3 B Additves shoukd snhenes vitffication and simufanscusly disposs of ooniaminated materiaf

' [Supariund soil sobisfios)

G3  A53A2 A-30 Final secondary reamioes, ored if wet, then consolidated into waste fom for near surface
dmposal; waste form ahoukd slow essy movemant {55 gellon doum)

24 AS3IZ2 A 4 6 Yirihcation unit should consist of moduls to sliow easy replacament over mairdenance (if less
costly) and allow easy sxpansion (by adding rmodules) rather than increasing size

X AS3Z A3 T 7 S viification technoiogies mest implemeninbiity reguirements: joule, alectric arc, direct curment
plasma torch, fosel fueled, slagging retary kin, high frequency induction mefter; must mest 1450
to 1650 G for alumncsizans final waste form wifn minimal fudng

283 AS532 A3 7 7 Fiwlowtemperature stalrization agenis mest implomentability requirements: Pectiand cemant,

polymer [Dow Chornical), poZaoiank: carmant, polyathylsne, sulfur cemant

d-1) Systern A1 — Rotary Kiln with Al and DeyAffet APC

%7 211 17 Systam A1 {basaline): Tha system invokes a rotary tin, dry esh, ai combustion, dry-wiet APC

268 211 17 The rotary kilh usad in e A1 system s simifar 1o the TSCA inclreraton s Oak Ridoge Natonal
Laboratory {ORNL).




No.

Bect,
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d-1)

2T

d-2)

d-3)

274

a4-4)

0
27e

d-5)

252
283

d-§)

287

ITTS PHASE1 - ABSUMPTIONS OR DESIGN FEATURES

Systam A1 — mmmmmmwm {eontinuad}

211

2141
21.1

1”7

17
17

The APC subayatem in the Al s simiar to the APC on the Samntifie Ecology Group {SEG)
incineration faciity 2t Cak Ridge.

Sobds residuss ama stabllized by o combinstion of vitnfication and pobymer solidification

Contamirated 2o from snyvironvmantal rextoration piegrams may be used 35 one of the
wiirification adcites.

System A2 — Rotary Kiin with Oxygen and Dey/Wet APC

21.2

212

25

2

Sy:m'nﬁz: Some s A1 spapt that the inclnerator is squipped 10 use commercialy pums
auypan a5 the cormbustion gus;

APC subsystem has smaller copacity since onygen combustion creates wer vollnmes and
walocHies of ofiges reletive te air combuation

System A3 — Rotary Kil with Alr and Wet APC

243

=

Systam A% Sarne ag Al sxcept that APC subaystam uoes all wet fitralion and cleaning
technbyes

Syatem Al — Rotary Kiln with Oxygen and CO2 Retention

214
214

214
214
214

214
214

Systorn Ad. Saroe 39 AT except mcieralsl L odygen b Sormbinibion gue

APC erees comantional dry Riration with remaval of CO2 by absarption onin ime (or dolomite) in
fuidizad bed

T ms anriched with aogen and recycied 0 Incinerator

Spent e recycied 25 many as ten fimes by calcining

COZ = moniiored and discharged; calcining can be dors on or off site or spent limw can be
dispesed

Receiving and propzration diffarent from Al, buk metals, slag and tar formers removed
Aguecys wasts trextment lger than baseline in ordar to hardls woter congansed from off gas

System AS - Rotary Kile with Adr and Pelymar Stablilzathon

215
21.5

24
24

Systom AS: Sarme ax Al axcent primary stahilizatinn mathod ses polymans. instend of vitifeation
Bottorn a5t and fiy ash stabiized reskdues. kept sepanate for tracking trorsuranic sctivity

Systemn AG = Rotary Kin with Alr and Maximom Recycling

218

2148
218

218

o]

24

Syshum AG: Same g5 A1 socept designaed 12 minkmze volume of dsposed waste throtgh
anhencad feadstock praparation

Containers and soime bullc rmetals recovered, decontarminuted ard recycled within faciity

Agqueous secondary wastha streams exsapt scrubber blowdawn treated in aquecis wasta
rextment

Blowriowm rom achl gas astubber is protsrad Smough et splitting (skectrodihvas) eystem o
procduce caustic and HCI
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d8) SystemAS — Rotary Kiin with Al and Maxiiim Recycling  {cantinued)

286 AR 24 Cauxbe can be rocyclod te wist saction of APC
289 216 24 Activated carbon Sierg In ofigas hre are recycisd using rstorting for mwrcury recovery
280 218 24 Startene cianl HEFA, fillars om clepned snd eusst

4T} System B1 — Indirectly Hasted PyTolyzer with Oxygen ahd DiyAVit APC

23 22 24 ¢ 6  System B Combines indiract fired, slectricstly heatad, rotary kdn pyrolyzer, SCC, and
witrificastion unit all firel o EyQen

Elactrical heating and burning In ooygen aarved pyrolysks minmizes offges which is then
oridized in SCC with purs ceygen

Standard wet-dry APC and feedstock preparstion subsystens

Sokd residues frorm parolyzar vitifod, with oxygen injeckod v lance to aseure cwbon burnout
Ofizas from pyrolyzer and vitrifiar ouidized in siene SCC and APC units

Qrgatses from aquecus sssondary wasts tredtriett recyched to pyrolyzar

Sluriges from precipitation and fillraton to pirmsry stablizaton or polyrer stabillzation i
NECassary

22

&

22
22
2z
22
22

¥y EEE B
¥R R R

o
=

Sy¥iam C1 - Plasma Hearth with Alr and Dry'Wet APC

298 23 26 Systemn C1; Combines plasma ar; fumace with SCG both fmd on air and standard dry-wet APC
2539 23 26 Flasma furnace pevfors thermal freatment, vittification, metal maliing simuttanecushy
200 23 26 Remeval of only bulk lead mnd mermury {for separate treatmaent] required
M 23 o Baws, lrge metals, debitis reduced in size for faed harding sywtom and plsma charmber
02 23 26 Solid= residyes, including radionyiclides, drawn off in molian giass sineam containing vitrifisd
£5h, and moiten meotal siream
208 23 74 Orpatica and xhudoes fram fueous waste Yestment to plasma furnsce

d-9) System D1 = Fixed Hearth with Oxygen and COZ Retentlon

304 24 27 System 01: Combines substoichiometsic, fived hearth primary comblustor (contratied air
incineraior} with SCC, bath fired on axygsn

Fluidized b abgorber uzad for COZ rumcval alter dry APG

Caldum carborwies monfored for RCRA materisls, stired, then ather cafelned {on or off site) or
ancifilbet

Rubarad CO2 ronikoned for RCRA snd ralioactive compeinds

¥ 7 Lime recycled up to ten tirne; kedfiliong sbminetes TO02 rolooss
Standurd fasdstock preparation with resmoval of lage pieces of matal a0d noncombusties
Crgenics and sudpes from aquecus waste trestment o wed hearth

24
2.4

88

2.4
24
310 2.4

205
306
307 24
308
309

N Y Yy

d-10) System E1 — Owbris Deaorption ard Grouting with Rotary Kila for Combusiibies

am 25 2 Syatern E1; Takes schvardage of RCRA land depossl reguiations that alow treatrrent of wasts
clasaifiad 28 dobis by grouting only; waste daseified as process residues requines incineration

f
D-14




No. 3Sact. Page U 8" ITTS PHASE 1 -~ ASSUMPTIONS OR DESIGN FEATURES

d-10} System E1 -~ MWﬁwmmehﬂnmhﬂﬂu {continuad)

32 25 &8 Combines stanclard robary idinwith air combiystion with paraiisl operating rotary kiin desorar,

312 25 28 Standand fecdstock preparation end sandand dry-wet APC

314 25 23 Cesorber soparates VOO s from: debris (and sal) as defined by RCRA

M5 25 = Organics from dasorbar io rotary kin and traated debris (o shradding and mcroencapsulation
by grouting

3 [ 25 p.!| Organics and shudges fom aquecus wastes trastment i retery idn

a7 25 -] Agh from rotary kin to vitrificstion

#) Bubsyutem Design and Operating Assumptions

s 8 7  Sourcesof shudy infarmation includsd vandor cataloges providing technicel dote and prices, and
dimct contacts wilty chnnelopals and yandors of new ischnoiopins.

#1} Recelving and Preparation

e 2140 18 Al Systerms: Cranes and fork [t trucks unioed waste contsinens from gweoming vahicles

320 2114 18 The phyrsical state of the input waste is idertifled by real-ime radiography (RTR).

321 21141 18 A passivelaciive neutron (PAN) sssay uni determinss the fevel of TRU contamination,

2z 2111 18 A sagmented gaminea scanning (555 ) unlt B wsed %0 aesay bata and ganrr redivacthaly.

v SRR 13 Each urit of waets input is axsignad o bar code for computar tracking.

9 2114 18 8 2 Incoming wasta s clossified on sither sorting requirsd (SR) or sorting not required (SNR)
depending on its charchariration.

xE: 2111 15 Containers decappad by saw on ganiry, Socting on a tabie by masisr-siave and hydeic
manipulators

REe 2114 18 8 B Systems A1, A2, AT A4 AS, AB, C1) It s assumed that 51% of the waste requires sorting (Table
33 Fhasy | report)

aar 2144 18 S B Systerms 81 and D: His assumed that 100% of tha washe requines sorting (Tabbs 3-9 Pheee il
report}

| 2111 1B S B System E1: K b assumed that 71% of the washy rsquiies sariing (Tabke 3-8 Phaese 1 rapont)
3| 211 s 8 3 Systarnes Ad and 01: Bulk metal, tar and sfag farmees removed

T OAZ111 32829 % 3 Systemns B1, O, E1. Most of nonoomixestivle: bulic manarda saparaved out

aan

2111 26 System C1: Minimal processing with remaval only of bulk lead and mwocury, kirge pisces of
kel ared cebwios meduced 0 sze, el not needing meking to decortaminetion

#Z) Primary Trazimant

2 2412 18 Systams Al, A3 A5 The primary ireatment includes g feed aheoadder, o charachorization unit, &
ekl pasdair fned rotary Kiln, g secondary combution drember (SCCY, and s olr Slowar,

| O2142 18 Input 1 the rotary Kin insinecitor mcludes coimbostise and noncembustitle solnds, sludgos (alss
froam iueckns eattnect), ard orgarss liquide.

DBa 2z 18 Tha unit sheracls it druens and o, 2nd feeds, the shredded materiat to raraport g and
hoppers.
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o2} Primary Trastment  (continusd)

335 2112 18 Emply wodder bootes shneddad and Dot to ranspart b and hopers; amply mata! comaines
1o metsl ireatment

s 2112 18 Bins ard hoppars are sampisd and analyzed before being fad 1 the indirsemior,

ar z1a2 1A MNegativa air pressurs B maintairned inthe mary kin using spacial graphie and sted seals to
rinimize alr n-eakage,

2112 18 & 6  Secondary confivment is providid for the baseine incinarator by a matal housing,
2192 2 Systacny A2, Ad: Sarme 2 bassine excapt orygen for combuation
2112 28 5 6  Systew B Pyrolyzor, SCC, Sryoer e nbbgrated with viiation vt {vither type %)
M 2442 25 Noncombusstile wasts fed t dryar slong with aod or addives
M2 2112 25 Combstivle wasta unciergoes partial combusticn #t 1200 F in cxygen starved stmosphars
25
25
26

&

2112 Azh from pyrolyaer ard output from: dryer fed % vitrifier
24.1.2 Pymolyzer offgases treated at 2200 F in SCC with stoichiometric: orpgan

2112 Oxygen supplad io vitrifier o combust carbon residue; gas packets from burming carbon makes
yirifisd wasts laas dense

3

Me 2112 Y. System C1. Plase slectric: arc furnace operated in pyralytie o starved ol maoda to minsnize
formeation of nitrogen oides

M7 2112 26 Cff gones burned in SCC uting sir

48 2112 . Systemn D1 Fiscsd hegrth incinedater [nowhich wiite i tranaporsed over haarth by rim feeded of
other conventional Tascer ;

9 2112 24 ) Sorew comeyor Stis ash pile and moves te ash ports

asn 2152 %5 Combushbe wasta feated in oopgen starved atmosphens i facitate volatlzaton and pactial
cambustion

B 2412 23 O ganss are bumed in SCC using axcass oxygan

wr 2112 XA System E1: Sarne ax Eagseiod ereret xmaller retbary kiln to reat only combuetible waste
(process merdues)

/I 2112 ¥/ Irhireactly heated calcinar fr fharmal desorpfion saperates VOO from noncombustible (RCRA
debris and o)

354 2112 2430 Vifante components vaparized in desorbes am Sesabted in APC conshting of strippar and

' condensars )
2142 253 Orymanic quids frorm desorbar sant 1o rotary Kin
as 211z %30 Enlid ressduas from desoribar ave sotrd o debria grooting

e3) Al Pollution Contrat {APC)

357 2113 19 Systern A1 The ai pallution control subaystam {APC ) inchudes both dry g fikration and wet
wiubbing. ncoring gas is quanshsd by water jets and filtaced thraugh sithar a haghouss or a
caramic fiker, {oflcwed by HEPA, filhers.

2113 18 An activated carben fillar & Leed in froet of the HEPA filber o remove trace gquartites of mencury,

2115 13 The baseling wai scudber inchaies 3 oomp i waisr quansh fobowed by ydrosonic (vermiuri)
and packod-bed scrubbere for acid gas mmoval. A systesm for NOx and dicodn is abso included,

g 8
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a3} Alr Polution Contrl (APC)  {continmd)

30 2414 18 The confinues andssions monttor {CEM) analyzes and racerds £0, CO2, 02, particuiais and
“other compounds®. A confinuous mdiation datector is Inchuded,

1 2114 18 Systuin A2 amafer capacity duw bt teygen uss in tha former g

|2 2114 b3 Sysiam A3 uses only wet fitration and cleaning as 4ry gas fikration has bean sfminatsd

a3 2114 18 Systern Ad: aliminates wet fitration, sxcapt for watsr condensation, and adds GO absorption

364 2114 18 Systern A% Same as Al

/s 2114 18 Eystern AG: Sama s Al butinciutes salt aplitting process

BE 2114 18 Systern B1: Smaller capuackty than AT due to indioct heating with oxygen combuxtion

®Wr 2114 19 3 & Syutem C1: Srmaller capasily than A1 since the vohms of offgas: gansrates par unit mass of
waxte & shaler (7); capabiity to reduoa nilropan axides requinsd

aséE 2114 12 Systern []: Spacial detayéed reesse APC Ling dry filtretinn followed by C02 sheoamtion o
lire iy huiclize b

e 214 18 YWabar vapor from incinerator first concansed, remaining gas stored, sampled, roleased if
mesting requirements

370 2144 19 77 Lime or delomite recyskd up To ten times in calcining Ems racovery system

37T 2114 18 T T Limedisposed by secondary stahlization aftar wen cycles on premise that it containg RCRA
madals and |5 subject to disposal restrictions.

7 2114 19 System E1: Smuler than A1

ed) Primary Stabiization

33 21110 21 System A1: Vilrfieation used 1o convert incinerator $ah to waste fonm sistatie for disposal

4 21110 21 7T 7  Soll{(including contaminated sl rom DOE instalkztons) o chemical sddithes { ) veed s glass
forrers

s 21110 el Inpeat wasts muzt be propary charactenzed for proper incinerator ash praciztion

e 25110 H Soil added to kin, discharged o storage hopper than meler; vitiled ash and sof dscharged
contalis:

T 21110 - Containgr coclied, capped, sent bo swiping and dacontamination

e 21410 i | Dacortamination f necessary by bigh Bresaurs wator jets

37 21110 21 Irspectad contalner to axsay, oartification, and =hipped to siorags or disposal

B 21110 2 Mefter has dry filtration APC

| 2110 21 Systerres AZ AD, Ak, A6, Samae a3 Al

3E2 21110 2 System AS; Treats mcinerator aah by polvmer ancapsukation using solfur cament, potyethylene,
o polymerizing agents

33 21110 ry Crind powdar and polymir matrad it anctruder that bieate and mboss fesd

33 211.10 A Extrudar feeds nixture to drum which is cappad, sent to swiping and decontamination

B3 21110 Fq| Decontamination by high pressurm water iets or blasts of dry ion

s 21110 21 Irmpected container % sssay, carlification, than shipped o skorage or dsposal

IWT 21110 H Systems B1 wnd C1: No separate primary shbilzation ua vitrificstion psrformad in orfimary
treatmant

f
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e-4)

*-7)

58588 8

:

Primary Stabllization  {oontinusd)

21.1.10 21 Syatam Df: Same gs A7 sxcept noncombstiies are dred and il is addad to ash from
incinerator

21110 by | Syxtem E1: Sarnd 2 AT etopt sty ssh and sol from rotary kin ans vitrified

21.1.19 21 DOrabris freory theresl dasarbat shradded minec with prowt feement, water, sand), poured indo
mlﬂ'ﬂﬂ.l'ﬂ

Z21.1.10 i Drvurms sre capped, washad, sant to certify snd ship

Secondary Stabliizaton

21111 e Receivas tragtad residuas not suitable for primary stabilization wa vitrification (st with low

madting poitrts oF Ty @sh éxcaeding specified salt concairation)

21.1.11 22 Treats salts and iy ash by polymas ancapsulation using sulfur cement, polyethvkena, or
polymenzing agents

2141 n Crviec powder und polymer metened o extroder that beats and mbees feed

21111 ) Extruder Teads mistures o dram which is capped, sent t2 ewiping and decontamination

21111 . Dwsontarmination by high presaurs walar jate or blaets of dry ice

2111 x Irapesied caontainer to assay, certificatian, then shipped to storage o dspossl

Metal Decontamination

2118 19 Al Systamx: metal decontaminatan sebxyciem ysas cira mduction nols (plasma torch, saw
and shear

2116 19 Abrasive bestng (with dwhhmiﬁnlmlhﬂwﬂmﬁmjmmm and
surface contarminatian,

Matal Malting

2117 20 Al Systems sooept C1: rmedal melting, vsed when suface decontamnation aanot be
accorrmlsiied,

24T 20 Inchucties maiter used o remove maost of the radioacthe matarial in the motben slag

2117 X Slag cadt in contalrer, cocled, epactsd, asaswed, and shipped to etorage or dapodal

2117 an Clean matal i pourad into ingots, oooled, sent far DOE reuza

2107 x induction maker used dry Tkration AFPC

23 b 1! Syystemn C1: mwrtal maiting accompbshesd in primary treatmant

Lyad Recomvery

21.1.4 18 Al Systams: Subsystem consrts of decantamination train and sfecirically heated roasting cven

2114 19 Smws, sheans, sandery cut lead waste and remave metal cladding

2114 18 Soarfing and sbrasive blasting bocthx for decontarrinmtion

2114 19 Chéen oits lsad et con net be decontaminated by mechanicsl meane

2114 1% O s ey fitration APG
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a8} Agquecus Wakls Trkdinrant

H1 2418 .1 ANl Systems: Traats sl aquscus washe ingluding corosive washrwater or contarmingted with DS,
£8, organics, haavy metaly

$M2 2419 20 Trouty secondary spmous waste - APC serubber blovwdown, sbiaave blasting studps,
contziner rinss water,

413 21189 i Incoming sUeors wasts i xegragasd and stoned i thees bateh tanks: 1} high besals of total
organic carbon (TOGC), 2) high kvels of total dissolved eolids (TDS), and 3] key levalx of TDS,

414 2118 20 High TOC aqueous waste e teatad by Soataiion or coaleacencs o nEmMove (Ioes Oancs,

Titration for suspendad sokds and disscived organica (carbon fiitration or ozonaton), and on
exchange for dissolved solide, Altemathely, high-TOG wasta can ba fied 10 the themal trestment

subsysiam.
415 2118 20 High TDG aqueacies wasts neiralized, fitered, and svaporated to concanirais dissolved solids,
418 24189 20 Lowr TDS mqumous watste is fftered, treated uting a carbon fitkr or akonation to remove
disolyed organics, and by ion sxchangs i rembve distched salida.
M7 2148 20 Sludges from sousaus waste treabrent ans canceniratss and sand o the stabiization aystemis).
8 2119 20 Aqueaits waste with merury soriarminabion s Tested using sulfor-ampregnated actrated carbon
and marcury-salactiee ion echange: resns.
419 2118 .o Spertt ion suchange rusin dewatersd Bk 5ot to primary treatment or stabilization

e 10 Mercury Amaigamation

420 2115 19 Al Systerms: mercry it contamineted soids recoversd by retorting and condensation. Ratorted
sofids are sert to primary siabiizaton. Ofgas s eated In a secondany combustion chambssy
avd a wat-dry APC system. Mercury ks reGyciad f not radioactive, B radicactivaly contaminabed,
it is amaigamaied with Zing or Gopper-for stabfization and diaposal

w-11] 3peciol Waste Treatment

421 2118 20 Al Systenvs, No concaphbisl design has be developed for “special wastes”, which will be ceak
with on @ case-by-Cese basls. A cost allowance of $3 milllan is inchadad in cost estimates.

=12}  Gerfity and Ship

422 211.42 s Al Syuterna; Charecterizes physlcal, radiclogical properties of final wastze to allow cortification
for manspattation, storage, disposal

422 21112 ] RTR wmamines for hormoganaity, and fres water

434 21112 x TRU or alpha processad warts maaeurad by FAN for TRU corcentration
475 21112 2 SE5 unlt assays beta and gamma radoactvity

428 21192 &2 VWaste to Bmporary storage or shipped to on-site or off-site disposal

1) Lifs Cycia Costand Senstiivity Analysks

427 4.0 T Trarsperation costs nolided on ganeric bash, small fraction {-5%) of totad LCC

428 4.0 L For comparieon, systoms aized at 2527 i {up froms 2000 b/hr Phasa 1), treat over 20 year period

4% 40 KL For smaller capacity systams, uba cost va. capacity curve Wasts Management Facilitiss Cost
Infermatinn Repart

D-1%
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ITTS PHASE 1 — ASSUMPTIONS OR DESIGN FEATURES

£ Lite Cycle Cost and Sensitivity Anatysls  {sontinued)

430
43

432
433

438
438

A&

5

EES8 58 ¢%

451

4.0
41

4.1
41
427

4.21

422

4221

4232
4223
4224

4224
4224

42374

4224
4274
4224

4224
4224
4224

4.2.2.4
42.25

4225
4225

75
T8

a d 3

74

e

73
7a
™

78

Tg

78
73
T8

d 4 d

@ 2

FL,

9

B

Ora system upsd Jor entire inveniory and thus Sasigned for alphe waate

Cost information obimined during 3rd quarier 1993, bassd on curanly avaliable knowledge
whcut wasts procesEing raguirsmants, tichnology avaidabifity, cont data

Faciifies are povarmment owned and contractor sparated (SOC0)

Trastment untt retes: by dividing total PLCC sstimate by totel operating hours per year

PLCC astimats for aach facilty has sik componants sach estimaind sapamtely; Studies and
Bench Scale Tests; Demonstration; Production Faclily Costs: Operations Bucget Funded
Activities, Operating and Maintenance Costs, Decontamination and Decommissioning

Cuosts for studies and bench scade ets, and demonsiraton obtained by estimating research
Freanpowey, squipment, fackly reeds costs

Production facility costs conaist of design, inspection, project marsgement, construction ocst,
construcion managemesnt

Detign - includes Tite 1 profeinary doskgn and Tite 2 detsilod dowign, 25% of Fasiity
vonetrction sest (FCC) for sipha Facility

Inspaction - includes Tite 3 enginesring =upport during construction; 7% of FCC
Frojact managemant - for both DOE and sibe manayament and operations contractor, 10% of FLC

Construction cost - bassd o preconcefue! design packaps developad for subtsystems and
diagram, scoping study ayout, summary of finctional and eperational requirements

Threa parts o sonstruction cost - buikdng and structures, squipment, indireet costs

Bulkding and etructures - sstimated by nmutiphing bulkfing unit costs by souars Tael for each
subsystom

Axzumad rates (x5 #) - $9700 ie confinement aipha cells (6pha waste processing areas),
3800 deuble confinement colls faloha squipment pull o) and sperating areass net ta alpha
cullz, $420 packaged waste handing (bruck or deem bay) and ronalpha process, operster snd
packaged wasts arasg 3180 for office arens, 3420 for analytical kah

Ratex includes mateniats and abor, ulilites, lightng, HVYAC, sia development
LHilites and accass road awsumsd to be within 100 feet of trestment facilly

Mot included - speciel stee? support, foundations, ventlation ducts and hoods for proosss
comnpanents

Exuaprnant - coots obtained from shrifar facility, sollcing supplers, enginsening Judgmen s
Instaliaton costs based on indiidual squipmant requirsmants

Electrical, instrumentation, macharniesl buke setimated 29 permentages of total purchasad
aquipmant

Incfrect costs - Include subcaractor overtead and fee; 25% of buliding, struchires, sguipmst
Conglruction mansgemint - incioades matsrials and services procutdrnant and control sctivities,
eatimaied a1 17% of comibruction costs

Matvagernant reserve - 10% of construcbon cowbe

Contingancy - 25% dua o planning twal setimate, applied io ol componsnts in production
facility sorstruction cost




No. Sect. Page U* 8™ ITTS PHASE1 — ASSUMPTIONS OR DESIGN FEATURES

f§ Liftn Cycls Cont and Sensitivity Anaiysis  {oontisusd)

A54 423 80 Operatiorte bodpet fundoed setivities - inchrde conceptual dosign, xafsly assurancs, HEPA
complianes efforts and permitting, operations prepaestion, projact managamant coste

455 423 &0 Concephual design and sately assurances « 1.5% and 1% of FCC

45 433 80 MERA, RCRA, T3CA, CAA state and loca! parmits - 36 milion

457 423 80 Freoperation readiness reviews, facility startup, firng, fraining - 1 year total Eacility oparating costs

458 424 2-1] Cperaimg acd malrEnancs coats - Four subcomponenta: openitng fabor, wilides, consumables,
and mairtenance labor, parts, acquimant

450 424 BO Crperating labor, utiibes, consumebles - estimated by analyzing subayatam faclity requinements

{Tabies 4-1, 4-2 for sinffing)

460 424 2] Mairtarance - aneual spam parts d eplecemtant squipment 7% criginal squipmeant purchaga
chat, mairhenacs kbor 250% of spode parts and replacemeant coaty.

aE1 4.2.5 8D T B Decortaminetion and decommissioning - astimated by multplying $450 square foot unit rae
{from Sohbeuber) by total facility squane fust

462 a3 az 8 & Disposal coate + esthmated from unit ke coat of 3243 per oubic foot for burial in enginested
sbove or bedow ground disposat

463 4.4 2z Total System Lia Cycle Cost - sum of freatment and disposal costs

4g4 48 a2 Trarmporinlion Logt - 61X% washe shippad from waste generatory 1000 miles: from faclity; freated
wazte dapownd on wile

4ES 48 a2 Waste containers contact handsd with no special evarpack, shippad in snciossd irallers

L]o2) 48 az Winste haa 35 (b cubic foot 5verage cansity, volurme washs shipped 18 290 cuble foot per
shiptmt

a67T 45 az Coat for shiprment ks S4imie per shipment {faed 7), flxed costs $880 per ahiprment

MNOTE: * U The uncertainty in an assumption
{on a scale of 1 - 10 with 10 being the most uncartain)
"8 The sapsdivity of the Tolal PLCC to changes i the assumption
{on a scale of 1 - 10 with 10 being the most sensitive)

Both Uncerainly and Sensilivity were based on engineering judgement;
no quaniitative evaluations were made at this stage of the renview of the reposts,

D-21
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INT3 — ASSUMPTIONS OR DESIGN FEATURES

2} Ruguiations, Permitting snd Stakshoidsr input

FacHity decign fruat mest DOE orchee 8430 14 for wasts managenwnt fociiios.
Faciity design must meet RCRA facitity stendands,
Facites are placed in seamic categary 1,

The facility that houses the traatrment sysiems will use the canyon concept whans hot cells are
separgtad from maintsnance gatkries and cperating galeries,

A sysber of sirocks and roam nbimt pressurse s ysed {0 saparate mdiation zorme.
Hot colts are docloned 2o aipha hot cefle.

The facity consistx of four recition Zones. that houss thes Testrent subsyebem smd other
aupport Sysiarms. THse Zorwes e s follres!

Lew hazerd areas: the 2ona that hourses offices. and packuged wakte handing asay.
Modwrate hazard areas: the tons that houssa operating galleriss and analytical kaboratory.,
Triple confinad aipha celis: the zome that housss aipha MLLW procsssing squasient.

Irside ot coalts mabecs! handing wil bs scoomplished by overbwasd cranes, and e or remobely
gureing vahichet

Special dealgn for redioactive criicality safety wil not be nequired.

‘The squipmant must meet Huciesr Qualty Assuance-! {NQ1A-1) standards.

The fral waste form will hars alpha eorcenirations below 100 nano-cumies per gram {nCilg) for
ransranic (TRU) materiay.

The frasted sokd wikste output frorr the faciity will tnoet @l raceportirbion snd land dispokal
roquirernants (LDR),

Tachnaotoges palactad sre cdevelopadd o an sdent that is requiced o maat the sysiem
rapuiremante for tragtng or ciherwiss handting MLLW,

T findl wosschs Form wil risst disposal regutstions. 28 maured by 40 Code of Federsl
Ragpuiations (CFR) 268 and DOE Order S820.24,

Thars Ia no radiclegical ransfommation of wasty from ane radiation caisgory o arther.

Wihenerver vevidor quotes are basaed on off-the-aheif equiprment, they e mulipled by an
appropriats adpesimant facaor i ghiow for NQA-1 and other more complex rquirsmanis of the
specific process.

A full evvionmental impact stabsment wilf be rogured of the facty
Tha faciily will process all of tha RCRA waste sioned st 2l DOE nsiallations.

Trastmant uhits used 1o proceas polychionnated biphenyls (FCE's) may require permitting
undar the Toxic Substances Control Act (TSGA).

A emissions Wil by permitied undar the Chean Air Act (CALY,

Water dischange will be parmitted under locsl reguistions tn e publicly owned treatma t werks
{POTW) or tha Nationg! Pollubwrt Dischargs Elirnination Systern (NPDES) o surfuce weters,

Reértidue from the treatment of all waate [except debris) & stabdized to maet the TCLP sty

Univarzal Treatmant Stendards {LITS) for land dixposal snd bquid offiosnts (40 CFR 163) wit
oy,




No. ©Sect Page U 5* INTS = ASSUMPTIONS OR DESIGN FEATURES

a) Regulations, Permitling and Stakeholder put jcontimed)

. | 1103 Fil t § RGRApermiting ia nequired for faciities (40 CFR 264 600 & 270.23) and bk syxtems {40 CFR
264.180)

e, | 1.10.3 ra | 2 3  Kondthermd destruction ischnoiogies requins damonstration of copabiity to achieva the
contaminant level of thama destnaction technoiogies of standands n the UTS.

2 1.123 21 S5 5 Debris i stabiized accordng ¥ the cebeia e (40 CFR Farts 138 and 268),

N A A1 4 §  Hucleer Regulatery Commissicn suthority (reguiations) spplies only o commmrcial facities,
thrwiore this facllity would be exempt.

a2 A-12 A1 1 &  Natina! Ervironmentsl Palizy Act (NEPA) requirsmants are an integral part of the planding for

this. Feclity (cos A2 USC 4330, 40 CFR 1500, and DOE Qeder 47001,
= A-13 A 2 5  PCB waste shoukd ba reatad in sccondance with aperating requirements (40 CFR 761.80-70).

34 A=t 4 Al 4 4 The facibty will process only imilsd quanijties of the waste covered by the Comprehansive
Envirpnmental Responys, Compensation, and Linkilty Act (CERCLAL

i A-106 Al 1 & Al source cabegonies must be dentifed and techiology-based e ssion shrdards b
promulgated (CAA Section 112¢).

a8 A1 8 AF 1 B Neticnal Ambiert Air Chality Stendards {(CAA Section 108w) must bs mat,

- A-1.8 A-G 4  DOE Yaks Engitvarng requirsments {DOE 40101 A) st b sdbavd to.

aa A-18 Af 4 DOE Hazndous Material Packaging for Tranopert - Administotve Procedures (DOE 1540.2)
muat ba adhersd o,

= A1 8 A8 3 2 DOE Docurrence Reporting and Procassing of Cpsrations Infermmaton raquirsmints (DOE
50003 rotrst be adhaned .

40 A-18 Pl & 8 [OE Conductof Qparators Redquinernents for DOE Facilltes (DOE 54B0.19) mst be adhered .

41 A-1.8 AS 3 4 DOE Gualty Assurance quirements (DOE 5700.6C) must be adhemd o,

4% A1 B, AY 3 4 DOE Harardun and Radioective Mbsed Waste Progrens mquireronts (DDE S400.3) must ba
achemd to.

43 Al B AT 3 5 DOE Enwirmnmentd, Safety & Health Frogram (ES&H) fer DOE Oparations mequinimssts [DOE
KAB0 155 rmust b scihamd to.

4 AtB AT 3 5 DOE Ganeral Environmental Protection Program requiremernts (DOE 5400 1) mmust be sdhered 1.

4§ AIB AT 3 2 DOE Maimenance Mansgement Frogram requirsments (DOE 4330.44) must be adhered b,

4 A1B A7 3 2 DOE Projact Management Systsm miquirsments (DO 4170.1) must be sdhered to.

47 At8 AB 3 B DOE Emvironmentsl Probsction, Safety, and Hesith Protscton Standards (DOE 5480.4) must be
wdhered to.

£ A18 A8 3 DOE Fire Protaction requirsnents {DOE 5480.7A) must ba sdhaned to.

49 A18 AB 3 & [DOE Radution Protsction for Creeupatione Workens requinemants (DOE 5480.11) must be
sdhored to.

50 A1B AB 3 2 DOE Pianning anc Preparaciness for Oparationa Emergencies mayiraments (DOE 5500.24)
ikt b aciened to.

51 A18  AB 2 DOE Work Authorization System requisments (DOE 5700.7C) must be adhered o,

52 A8  AD DOE Radioactive Wasis Managamant requiremants (OO 5820.2A) must be edhared to.

53 AME  AD 4 DOE Ganeral Design Criteria (DOE 6430.1A} musot be eatinfied.
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INTS - ASSUMPTIONS OR DESIGN FEATURES

a) Regulations, Parmdtting and Siaksholdar input (continued)

54

b) nput Waste Characteristics

=

g @

G} Wasin Charsstsrization

11

a2

a3

A2

A2

1.8
1.8.1

1.0.2
182

182

1.10.3

1103

1103

A9

A12

12
15

7
17

17

i |

.

=

|

3

g

2

5

5

4
&

The sl ¢rmigeeion limits for nanmetols and reetsle are the sams ax for the [7TS dasigne, and are
e SHngent than W raquireiionts 1or misc. tecities or procsss vents,

The air emis=ion (imits for motals ane 10 lower than required 1o anticipats EPA'S lomg-term
praferanca for adopting mom Agorous, Echnology-hased standards.

Fead is based on SAIC mivod washe imvesriary estimate from August 1933,

Al wasta cormidersd s camtack-handisd mived redective washy (including alpha-contaminatad
MLLW).

Al debre warts will be identfiod.

Licuid warsts 16 shipoed o B System aither by 3 pipaline, in fank trusks, or in containars placed
o whooled vahicks.

Tha trecstmart Eyatam receives incoming said and sludps wasm in droms, metal bins, and
woodan or fharglass boxes shipped to the treatment faclity by onaite o offsits whastad vehlclas,

Eash wtap in the process will requiss wasie oharagterization (stacing with the input, and snding
with the final wasts, offgas, amd scrubber soids).

Throughcut normal oparation, the opsrator of g tealment unit rowst analyze o wasts to verfy that
wikaha fod to th Lt o8 swithie tha phyalcal apd charmicad Tinite wpesfisd in the perrmit

N attempt was rmiade ¥ provide ehisding m any tmit eporation,

d) Gemsrst Dasign and Operating Assimpions

&

g &

"

1.3

1.7

1941

1841

181
1.8.1

1.4.2

192

1.4.2

4

12

16

18

18
18

17

17

17

3

Syxtems salecind for snatication wern requirsd o treat sl types of RCRA washs siorsd [n the
DOE comgrhed.

Ovetr 20C nen-therrnal technologes were soreened; only five syStems wers selected (WFI, 1966
— wow Appench I

2oid waste treatmend operations within sach subsystom may be cantinuous processes.,
Transier of schd vastes bebweah subwyrsemns are batch procesoss,

Fiing and dischargs stations dre squipped with interocking faripek that sroduce = ssal
between vausols,

Licpsid and gaxaous matarisls handing processes ars costinuals opsrations.

Corweyor bins are used o ransier wasts between subsystema. The comeyor bins ampioyed
o oaded from the top amd urkoaded frams the bobhor.

The facility in designad to sperate thres chifts per day, soeven days per week, 40 woeka per year
st 50% operating efficisncy for a totek of 4,037 hra par yoar.

Tha process contnok ard instrumantation ueod ane capable of providing real ime procsss
cartrol date. Mo kag time s skowed,

Al ermissionv will B contirruously monitonad and WAl reet discharge reauiremants.
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d) General Dasign and Dperating Assumpiions (continuad)

7a 1104 » S 3 Meink mesting DOE Order S400.5 after dacontminaton e recyciad within the DOE complax,
1.10.3 5 2 3 Lepd et comnct undengs aurfees decontamination is grouksd.

74
k-] 1103 ] Process residue, 5ol and debris will be reatad o remave orgenic RCRA-controlad
conamins.

Metals with antralnad contamination are grogied,
Traghod sol and debris will be stnblized in grout,
Trached procass residuss will be stabized in pelymes,

Parts. of the system thet contain sipha-conbamined wasts will b cpsrated at slightty negative
pragsune o svoid et of contamiration outelde the unite.

Eulk lead undergoes surfecs decontamination (folowed by recyeing),
The output solid waste will be statillzed by one of thmee fracesses: polyTner, Crmmic or grout,

Miro-encapeolation is wsed for debrie that doas not ave 4 RCRA LDR o is subjact to a
{reatrment varRnoe.

To be conwderad, technclogies must be resdy for ket demorestration in 2 yrw, Mcorporaied in
tha final design in 3 yrs, and construciad in 5 yra.

The operatg paiod e 20 years.

Tha subsystans wil handhe ot leact 125% of this sopsscted flow rates.

Far small capecity unit opsrations, » sngle shift par day (or part-tive ahift) B asaurmed.

The sysbem for traating alpha LU and aipha MLLYY wil aceommodasie TRU wasie (triply
containnent of contaminated waste).

Bouble contairerent will be usec for procasses irvolving materiats with Emited potartiad for
becoming aktome.

3 a7 4 3 PReacton rates, and consegquant mactsr oizey pry besed on dats frem wndors and developers.
% ] o7 L 4 Thatolal fend to the INTS is ahways 2527 ke sithough the input t5 the various. subsystme may

vary.
81 3z of 3 5  Saconchwy waths {frorm houselesping trash, spent fiters, carbon, bads & ion sxchangs resins,
ot} s asiimuind to be 1.0 B3N for all systems
g2 33 83 3 3  Denuity of waste input (hift3): input washs = &4, metal = 480, aqueous Hould = 62, soll =67,

=1 33 ) 3 5  Density of waste oulput {A3) polymer stebflzed salty = 50, polymer siabilized
saltxfresidussiwasts = 34, phosphate cermamic stablized wasts = B, grovut siabiized dekria =
128.8, Hg arnalgamn = 733,

[
-

1.1632
1103
£.10.3
1303

d a8 33
R oBR
LT ™ T < X
~ @ e

1.10.3
1.90.3
1.16.3

i

3 B R
w

- -

&

1103

&

1103
1103
103
1.103

98 4%
NoENy
w ;@ o
& W & L

103

o
»
=}

8 8

B a3 8o 8 3 Meroury corent Elemontal marcury (100% Hgl comprisss 5% of the wesie designated as
rrasary cordarninated.

o5 a3 99 8 3 Matcury conceniration in the remsining 259 of the rercury-contaminatad stream is S9%.

06 a3 100 4 B  Swtabipwtion fermulss {mass besia). Polvmee = § et pebwmer to 1 part washs; Phosphate
borded carmrnie = 1 part cararmie addithees ks 1 part waste; Srout = 2 parte grout to 1 pant weste,

o 34 100 T 2 Calcuiations for one process unit (dryer for potwnes stebllzation input) shawed that this unit could

requing heating or couiing. Hesling wirs included in the natural ges requinement, Goong was
lonored aesuming that the polymer stabRaation ot could acoept 3 wanmer input.
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d} Genaral Design and Operating Assunptions (continuad)

a5 3.4 1080 2 3 Coding water is required for cooling all other unit cpanricns, ncloding 9ok gas scrubbam,
OH-generators, photolytic-LY mactoes, CWE nesctors, g souilbration reactora, seid digestion
ractors, and HNG2 recovery reacions.

99 a4 100 2 3 Those unit cparations using slaciricity include mescury amakiamation, GPCR, ozams panerstion,
st concantrator, and te MEO calls.

100 34 100 2 2  Qperations that could utice natural gas for procesa heat nciude tha HEPA prehesters, vaciuum
thermal desxbers, ard dryers.

(x| 24 100 3 2 Inthis arcalyels, the snangy requiremments weno basad on heating shd toolng resded for the
wasis t= be treated ond erganics brohen down; the snergy raquired in the nat snangy.

102 3.4 100 3 2 Cakukatiors made with ASPEN proviced cversll srergy mequirsments for ofl of S urst
opergtions withins tr rodels. for the fvs systems.

103 16 102 3 5 Iry sl srystemna, Offgos i kese than 300 ecfm and water descharge m lees than 2 gpm.

104 513 1653 5 € Process containma - Double o triple comtainmant s standard for systems reating rackosctve
washe and 5 nol a significant discriminator betwesn systams,

108 53 164 2 B lesues reganrding single versus muliphe faclity options and Sersportation of waste I such
facitian wars not considered in this study { they wene addressad in the draft OOE Programmatic
Ervirgramental Impect Statemant (PEIS)).

108 53 166 & 8  FPremise was thot & single faciity will reat all ssjsting DOE eriked vaste in 20 ys (schuding
Haurtferd tank wankes and Rocky Flats pondcrabs).

107 §.2 185 B8 3 Mercury mansgemant in this system is untexted: the removal sfficiency of sulfur impragnated
nctivatmd <arbon fitrs for volatile rercury and the sifcctivanen of the mercury debriz leaching
provcids 3ns unknown ot this tme,

108 6.2 185 8 3 Curent DOE wasts imventory indicsies ot 3 brge part of the washs bt mercury camaminotion,

bt fictie B krarown abonrt the concanirations or the chamical form,

109 BT 223 5 4  Tha trequency of wasts delvary to the 3ite, sssuming 44,000 pounds per truck, is 268 incks pwr
YO

110 6.7 23 8 2  TheINTS study assumption is that washes wil be ireated on-site and disposed of onesite.

1M1 8.7 prr L | 8 7  Hybrid aystems that combine the best slements of tharmal and non-thwmmal technologies. weni

ot Corosacerad.

d-1] System 1 — Grout Debris

112 2 H 7 8§ Systemn 1 (Grout Detaie) uses medisbed sloctrochemical onidation [MEQ] for primary organic
desiructon

113 2 N 7 8  System 1 (Growt Debris) utes vituum desorption for volatis organic seperation of process
residus snd ol

114 2 H 3 3  System 1 (Grout Dabris) ures palyner staiyiiration of process residue and sak wasts.

115 2 ]| 3 3  System 1 (Grout Debris) usas prout stabillzaton of ol and urireeted detxis.

114 6.2 184 5 3 The grout debris Sase is designed i use the most well developed of thw non-thermal frsatment
tschnoicgies available,

117 8.2 195 B 4  The treatmant of non-mencury contaminated delbriy, which it provted without pristriirrent, doss
not remove thee organics or metals pricr o siebikorben. Thie may not be culficient T mest fubns
ragulisttry PeUiTeTHntE.
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d-2) System Z ~ Desorption

18 2 3 7 &  System 2 {Desopiion) uses vacuum desarption (folowed by stabilization) for debris waste as.
wol 2% process regidus and soi.

149 2 n 7 & Systein 2 (Deaorption) e catalyte wel oxddation (CW(3E) for primary organic destructon.

120 2 3t 3 3 Systam 2 {Cesoption) uses grout o3 the primary stabilization procoss and polyrmer ss the
secondary stabilization procwes.

121 4.4 132 7 7 The wwtess water generated by the system may naad 1 5o grout stebilized {rathor than
dmcharged), witith would inomase the gresdt systern by 60% (54505} and incroate dispoeal cost
By $250M.

122 6.3 199 i 6 Sorting requrements: for Sysdam 2 ane mera sranuoUs than Syader 1 bacaose debris must ba
sacaryted, BUT sarting and preparation wes consicdensd to be the same for all systenms; s
not conzixiart

173 E3 16589 T &  Thevacuum desorption woh. doss not ninmove heavy and radioecthve metih, Stabilization of

s rrecbadials i grout i S poissence of debria hae not basn demonstraied.

124 &35 2N 3 2 Froosss control of YO will raquite robust safely feetures which will Inchxle additional festures
such o doubes containnnent 1or piping 10 provids adequats comtainnent

125 -3 C4 3 2 Vaoyum casorption tukes plage st 250 F i pravect pyrolysis of organic materil; it was
maaurrad that ne mections of sygen ocsumed during thie step {no fmmation of C0O, COZ, or HXO

from organica in the debrie).

d-J} Systam 3 — Wish

126 2 oy 7 &  System 3 (Washing) uses sousaus wish for sol, process residus, and inorganic ghudgs
traxtrnant; and high pressurs wash for soft, span and cormplao: debris.

1237 2 n 3 2 Systam 2 (Washing) Lses grout 21 T primary stabicration mathod and polyrmer g the
secondary stablization methad for aacondary waste.

128 2 3t T 6 Systarn 3 (Waehing) tnes MED for primary organic destruction.

129 231 44 The washing syuiam s operind in a contirkious fmade fof o shiftiday 1 minimize cosls.

130 231 S0 3 All water frorm the washing syxism B recycied (eozept during shutdown or clearup); e only

) wraher beaning wadbs with the vet treated washe, the metal froth or tha ongania contaminants.

i 231 L3 | 3 2 Inthe second wash siags, tha datargent sofution is deiversd through nozziss ganarsting 100 pai;
the oppmopriate pressurs for soft debris will have B be deteimined.

132 231 1 3 2 The suriactant solution is recendtionsd by passing thwolgh an oilbwaber seperater i remova ol
arwt wolide.

133 231 M 3 d Tha wished dairis i sant o grout stabilzzrtion.

124 5.4 203 3 Moy emoval from debris, soll anct procecs residue via the wash water s assumed.

135 &4 25 8 Syshn 3 recuires sdditional sorting of delns 10 separate the debris ints opan, soft and cormphe

sreama; but sarting cost was the same an Syswm 1.

198 g4 207 & & ifsurfsctant canmot be racycied (chae to poor partitianing) treatment of the surfectant would

increase the cost to the MEC onganic destruciion subsystern by appredmadely S0%, o 3900
s i PLCC, and surfachict costs would incraess by <1 miflon.

197 c-3 C-5 3 3 Agueous wash removes 25% of the crganics from the matrx and 1% of the siica and glumine are
: arrmined in the g simam
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d-4) Sysend ~ Ackl Digestion

138 z 3 7 &  System < (Acid Digeston) uses squesid wish for soll,

135 2 - | 3 2 System 4 (Acid Digestion) uece grout for stabilizaton of treated debrin wasts and complex
debris. |

140 2 k1] 7 B Sym4{hddﬂb¢ﬂn}mmwmhmmﬂw
shadga,

141 2 3 3 2 System 4 (Asid Digestion) uses polyrmer for stablization of sobabls salis.

142 z 31 7 68 System 4 (Acid Digeatior) usex phosphate honded carymes for xtnbilization of treobe] ol and
Insolubls residues.

143 r 3 ¥ 8  System 4 (Acid Digeston} uses phasphoric-niric ackd digestion for primany organic desiuction
and saft debris traatrment.

144 2 H T 8 System 4 {Acid Digestion] uses high pressurs spray wash for open debris.

145 241 52 3 4 The phoaphoric scid rosults by very maoluble phoaphsis saits being forred 2 the byproducts of
the organk: destruchion procacs; these salts are saslly ramaved and bacoms part of tha
phosphate bondad onramic,

146 241 53 5 3  The acit digestion of ooft debris octirs At e sarme conditiens 29 for erganhs dostroction bt i i
wioswr. (Mo residencs tmes wers ghvn for adither systerm. )

147 244 M5 2 Sokdwasis (sol) ix blended with MgD and process resicues are mixed with S0% phaaphotic
acid and 15% boric dtid solution; these are combined to itk e stablixtion reection. The
final product couls b ke high s 709% waste, but 0% wis Slred.

143 B5 X3 ¥ &  Phosphats bonded cament stabiization (which uses the wasta phospharkc acikd) is » bench
scae process whoss effectivaness neads to be deienmined.

149 6.5 208 ¥ & Tharesporme of the acid dgeston wysbem o complex feed stneams B not nown,

150 €5 209 £ £ Failuxeof ghosphate bondad cernmic waste may coour, with subssquent rRgeCeusing foduirod,
SUrityy ey be wlowsr Tran armticipabed which will impact production rato.

151 as Ha 7 &  Phaspbhate bonded ceramic it sssured o be s stable 20 polymer and rors stable thon grout

152 B5 el § 3 Vendorocoots wore not svaiabie, ond the cocls were developad using commercial squipiment
and sriicipated utifty needs. % was sssumed that no sddiionel seoordany trestioent was
naadad,

153 65 2 T 6 Volatis orgenics could veporizs pricr to destruction.

154 6.5 213 4 3 Ealytwsty on the resing ingicat changecut of the acid redis only every thres menths. For
cebwia of wasta with a sighificant inanganic content, changecut may ta necessy 24 often a3
wnkly. ’

155 6.5 213 5 2 Peetreatrent of the phoaphats wosts may be necessary, or the wisbilization pracoess may not
work. -

18 (1.1 bl 4 2 Asid dipestion has the sbity to treat plastices by compiets decomposition, but thw Serperatun
My coutks piaeiics 1S Malt and fuse gother rather than dixealve.

d5) System § - Catabyzed Wat Oxidation

157 2 3 T B Systm 5 (Cabalvicr Wet Chadwtion) uses CWO far prirary arganic destriction and «oft dabns
tresiment.
158 2 bl ¥ 6 Syuten 5 (Catalvlic Wat Cuddation) uaes wqueous wash for sol.

F-7




No. Sest. Page U~ 8%
d-5}

158 2 31

180 2 3

181 2 kY

182 2 L1}

183 253 L3

164 66 14

INTS = ASSUMPTIONS OR DESKGN FEATURES

System § - Catalyzed Wet Quldation (contiousd)

3
7

System 5 (Catalytic Vet Crddation) uses. grout for stabzution of treated debris and sol,
Syatemn 5 (Catalytic Vet Qridation) vees vacuam thermal desorption for procees residus ang
inorganic sludge.

Sywtern 5 (Cutalytic Wt Cradetion) uses. high ressurs: spray waaty for open debrie.

Systern 5 (Catolytic Vet Chadation) usag. polyrmer for stabviization: of process residuss and solts.

The GO gubsystan Jor reating Soft debrio to th aarme s fiv iraating orgarics avcent that an
axira shredder n neaded and 2 lerper (2500 gal) vesasl i Leed Tncs & Kowa escion s

mpacted

The crganic destnzction efficiency of WO is 98.99% for organics, and sofl nsad with TYWG
soiution has metal removal 1 nondaiect vela.

} Subsystsm Design and Operating Asaumptions

165
188

=1

157

18
189

170

M

172

173

174

175

78

2

182

182

6.2

82

Organie Destruciion

1103

21.4

214

&

17

1”7

(-7

164

.

Mo thermat subsystams, such a5 metal metting, wens inciuded (0 These sysiame.

The subsysterns which ary consistent for all e systems sne:  adminisiraton, recehing s
Frepartion, atpusolrs waste treatmendt, metsl decorbaminetion, mercury, sad, special wash
tremtymant, air pollution centrel, grout stabiiation, pobrmer—r stablcation, cectication & shipping,
and sugport

Extersha sorting is recuired to divide the wasls into appropriste categones {a3 ghen in Table
31,

AN aystams uss sxtanghe characenzation and sorting.
The Receving and Preparation subsyste (i highest cost subsysiem) B the sams for ol
almrrcateod 1NTS ayatar,

T5% of all tha waste receied by e faclity will require sorting 10 mest tha Vasts AcCapiance
Critevin (WAG] for the processes.

25% of all the wadte mecarsed by ther facikly meets T YWAC of s treaimecd procasess and wil
mot require iather soring.

The fesdstock characherization end preparation proowss has nok Deen testad; it will reguine
Aggay & non-destructive scaminetion of incoming comtainens. and decapping, dumping, & woring
of the waste require exhivveie concept desiopiment, Somponit deveslaiment, Ratdware

Crpenic Iquid and siudgs westa will be coddized of decomposed aif thrmperatutis Sefow 550 F to
achirwn dastruction of RCRA, conteoliad emetarings.

The design of the MEC acuipment s based on an expectsd desiruction nemoval fficlency of
80% for aach pams through the MED sella.

The mcirculation Tate for the MED colts {8 typical feed molecule wil pess through the cell 25
timas) will degrada the organics by 59.08%.
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1 532 187 T &  The organic deciucton sulroyuioms may ba affecind by the presancs of non-stuic
compounds presant in DOE westes: tha impact of nor-aijanics on penformancs, reliabiity and
avallabilty must ba addressad.

178 8.2 185 6 2 The MED syshsm developacs claim g recovery of 55.9% of the wiver, but ¥ recovery of 50% was
umad fior the study.

] -3 C £ 3 Mudired Electrochenical Cuddation, MEQ, (used for Systems 1 and 3} freets organes Bukis
and sludges at 178 F and 35 psi; the ruictionry taking place are assumad 1o po to 599 %
compigtion. The racovery of HNCZ is et sssumed 1o oparate st w comersion of B8%.

180 -3 S¥ 7 8  Catalytic Welt Cracation, SWO, {used for Systems 2 and 5} teats organic kquids and slucigas at
302 F and 25 pai; the roaciiorns aking place ame assemed o go to 39 % completon, The figuid
siream iy neutralized, wivch s 2isa assumed o operaie at 3 comvrsion of 9996,

181 c-1 ce 7 58 Phosphenc Acid Digestion, (used for System 4) taats organis Muids and sludges st 392 F and
4 attry e reacticns leking place are assumad to go o 8% % complation. The recowery of HHO3
s alos apzumed to operi at a comeersion of OQ%.

3 Alr Polblon Centrol

182 2.1.13 42 S 3 The Air Poknion Condral (APC) subrgyotam inchudeas Giters, o GPCR utst, 9 wit gk scruler, 2
gt pkminaio:, aod activated carban (ples soifr impragrated sctivated carbon),

183 2 K i) 7T 3 Alsysiernd oo Gei Phoss Corond Reactr {GPCR) for destruction &f nesadusl srganics in the
offgas.

184 2113 3 § 2 TheAFC subsystem includes = wystam for continuous airissions monitaing (CEM?}.

185 g2z 188 T 4 Axbome relsases - volatle mercury ks not expected to pass the condensars in the APC
subgyghem,

1685 A2 A8 E 3 The emission imilx for nenmetaly and mwieis vmed for the INTS design were daveloped for
ITTS work amd are riera siringert than required, but they were retaired for consistency.

167 A A18 & 3 The APC subeyctam perfamnancs spacifcations ghatld be sat 1o maet oF seosed cormant
reguiations by 10 times.

188 G2 -1 A 4 In the APC, it i sxsumad that 100% of the sobid rnebils ane trapped by ths file and that 100% of
the aqueols arvd gieoU® Sinekm ik Alicreed 15 paks through the filer.

129 ety § C 4 3 Thagas scrubber INToduces caustic soluticn [heCH and water, | % sxcess) i remove the acd
b that ramain in thae ofipes. A corversion of 25°% 5 mssumsd for thess esctions.

o0 -2 -1 2 4 Thereachons in the GPCR are sssumed o ocour gt 1 832F (1000°C) and | atm pressurs and with
a pawer input of 5849 Wicfin, and & conversion of 55% is assumed for all the reactons.

8} | G- -2 r i | Gemplets {300%) removal of the saits i the offges streamn is acsumed. | suMcient water bs
avndsbie_ i a removed to give a waiac/solids retio of 0.3

o4}  Primary Stabifization {Grout)

182 2 20 3 2 Al syseonh uke grout for debvis siabilc st

183 2114 a3 8 8 The Grout Stabiliration kubsysbem mibes two perix of proct (Cement, sand, & wirkier) with ohe part
of wgntm

154 6.2 158 7T 4 The sffectiowisss of grout stshilization for delis [ previtting organics, RCRA metsis and

rathonucides from migrating euth most be eatabiahed for o wide renge of DOE wacts.
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e-d} Primary Stabifization (Groot) -lumﬂmd}

193 g7 20 5§ 4 hissssumd thet the siebiized wasin will meat il reguiatory requirements,
w5}  Secondsry Stablilration {Polymar}

1 2112 42 3 3 Thepolymer stabilzstion suboyeten Mbest shredded westes with polyethylens (squal pars) priar

o exiruson

a8} Metal Decontamination

187 1103 25 3 3 Merowy contaminabed debris will be treated (by vacuum deserption or equecus washing)
felloamd by smalgemation.

3
w

158 2 Al wysterrv uss sLrfecs decantamiretion of bulk retals 2nd recycisbbs drnams.

153 218 47 3 2 Maiw decomamination 18 dehe in bissting booths to nemove sntraned and ocrfsce
contarminston,

200 2 G-3 4 2 In the metal decontamination subsystem, K was assumed that 99% of tha comaminants on
incoming metal debris was ramoved; the 3qUaoUS reem was muied 10 aqueoUs wWaste
treatmrert, and the metsl was o be recycied offsie.

w7} Walal Malttng (Mot teed in INTS'S)
e} Llead Recovery
=201 2110 41 a 2 The Lexd Recovery subayatam decontaminates lsed which can be recyciad by machanically
removing & thin surface layer.
21.10 41 3 2 Lead wheh cannot ba decoramingbed {6 sent % be protbed without freatrent.

02
203 o-2 C-3 7 2 Hisaxsumed that nydrogen, caran, siica, and siumins o the esd-contaminztad wasts sirem
(S to/hw lendad-gloves + 29 1B laad Bricks) partition i tw eame proportion e the lead.

=5  Aqueous Wasie Treatmant

204 1.10.2 26 4 B Teoated waber witt be further iraated I remove toce conteminante and recyciad or dicchanged,

205 1103 2B AQuedus watte will be treatad to destroy orgemcs and 0 separate and immaobillze contaminants.

206 2 30 6 4 Al yysinmy use photo-midaton destruction of any regidual arganic maieriply in the sogueoy
treatment system.

a7 2 30 g 4 The equeous wasty tresiment subsystanm includies phoic-owichation (for organic destruction)

208 243 a5 4 4 The aquecus wars subayetem must be extremely fleedble in order to treat ¥ve wide rangs of
SOUSOLE. WK,

09 213 k- . B 4  Thaaquetus wasts subsystasm ieaty inGut souecius wesin s wall ax the syxinm's saconday
SRNNOUR WEElEE,

1o 213 b B 3 Forwaxte with high tots) organk; cachon {TOC), tha primary processing ooours: BT the organic
cesbructon subsystem.

21 2132 35 T 3 Cissotved organics ramoval is accompliished in an ulraviolet (UV] reacior using an oddizing
g,
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No, Sect. Page

&8}  Agueous Wasts Trasiment

212 213 k] 4 &

n3 213 35 4 3
214 73 234 4 @
215 2 cz &5 3

&1} Mercury Amaigamation

218 18 % 3 3
217 219 41 3 1
218 67 28 7 3
28 G2 &t B 2
-11]  Spechsl Wasba Tomatmant
20 21.1% 4 4

224 2411t a4 &
2 c-2 €3 4 4
*12)  Ceriity and Ship

27 1103 2% & 2
224 1103 % 5 2
225 2115 4 4 2
13 Adminlstrative

228 21 M1 i

v s

INTS — ASSUMPTIONS OR DESIGN FEATURES

(continuad)

The squesirs waste storysiem nnoves radicnucicdes, RCRA-comnotisd matals and base
organic concantrationd bo regutatony dischamme vk,

Sludpe from the aquecus wasts subgystem (o concantrated vl svisarslicn and sant 1o polyner
stabization.
HNat consicamd in the INTS study wirs the nead for some wastewsater eatrnent faciltias in the

COE complex i mest new permitiing requirsmants which mancdate sremely knw (evels for
S0 metaly.

The aqueous wasty stream coming out of the phatolytic reactor B asperabesd o thres Effernt
sibstranms (sludge, ofiges snd equsocus); it is essumed that the separation of thoos streams i
eompiete (100%).

In théa study, amalganahon was prasomed i ba the beet atabiization process for mensury {EPA
Exind as BDAT)

Tha Mercury Amsizamation treats slamamial Hp and sieel wool impragnatad with Hg from the
laching process vik aivaigamation with coposr (or ns).

It wee assumed that rane concentrations of mercury, oo small to affsct the mass batancs, ore

presant Fiva pounds/ir of Hp gose directly from receiving to amalgamation. n System 2, an
ackifionsl B2 BT of HY is reccyvensd,

In tha mercury smaigamation subsystam, a Gu:l-lgwniul'nnﬁnnfu.i'i usad and & Comarsion
of 100% i3 assurmd. '

i 15 assumed that there Wil De spacal wieshes Yt require capabiliies not in tha basic system,
Bullding space and Jifites (inclucing a crars) sme provided for specipl processing, but ne

SR EpTL

Approcicrrisbely 153 B/ of S inconmn s waots (totol of 2927 /) was designatsd o5 spechal
woste  No spacific treatmant of this wis's was proposed.

Ouigning wase will ba characterced, meiuding surface rdiologics] survoye and physical
Y.

Stabitized wasts is samolad befors putting it in the deposal containvers, and it & 9eked for
lsaching.

Tha Certfication and Shipping subsystem charsciwizes and records the physical and
radiological propertes. of the packaged wasts,

\

The Adminisirative Subsystem is the same for sl sftematw INTS systems.,
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w14} Procass Residue and Immanlc Shadge

22T 215 ¥ ¥ B The Frocass Residus and Incrganic Siudge Treatmsnt sLErysim #Mploys vactm Seporption
at 500 F iz emovs volatia Compounds.,

228 218 40 B 3 Sokds from the dasorber ara washed, fitered, and routed 10 polyrmer stabilization

e 215 40 £ 2  Ofiges krem the descrber goss through Hwes cordenpery (the lagt ¢ 0 F) and is then routed 1o the
akr pafuticn condmol subsyshem.

pe i 82 195 3 5§ Proosss residuen a0 anticibeted 1o be homogenaous and ane not 19 feduine sorling,

215} Bubk Snil

) 218 4 T 8§  The bulk soil in ireginc (In campsigns) in the vacuum decomtion proosas and than sant ot
grert atabilization subsystem '

&1E) Dubris

L F 217 40 7 B In Sysiem 1, aif debris (compiey, open, and soft) is greling no pretrestment i parformad.

£33 217 40 7 €  InSymorma 2.5, the debris s segregated (camplex, opan, ad aofty, tha dalviz mquiing egtment

s shnedded, and then the debria B treaed prior to grouting.

e-17) Support

P 2118 e 3 3 The Support subsyeiem includes faclities to ensure continuows. functiamng of the treatment
Tacity incluchng & mmakn condnol noom, maintenance, HYAC, mobtor controd cenier (MCC) ard
slectical moms.

2115 “ 3 3 The Support sultesysten: includes squiprment to mainiain the confinemant Zones {prmary
confinement around proceys snclogures, secongery conflnamert, and non-confinensent.

2% 2118 45 4 3 Theconfinement syiiem oorkistt of dust oollection, process verds, bullding vantiation, and

B

nuclear grade HEFA, ftratian unite,
a-18)  Disposal
7 1.40.3 7 7 2 Tressporetion snd Syposal costs wers basad o0 shipping the LUW, MLLW sining LLW, and
. alpha MLLW ) the Nevads Tast Sie for disposal.
239 1.10.3 7 T 2 Awastes irom other sites will be rancnoried to the same site for deposal; 26 ewerage cost of
cispozal is Uted for ol ahiprments,
) 1.10.3 prd § 6  Coxtsfor shalow land disposal faciities have bean usad for all wasins, )
243 2117 dey 5 8§  Tha Disposal subsyitern cormiats of dispoaal units based o o sarth mound and concrets cell
concegt,

i Life Cycle Cost and Senaitivity Analysis

241 18 15 A %  Costehave boon estimated sasuning the systsm is 4 governmant cwred and cormiracior
cperptnd (GOCO) facilty.
242 1.03 18 8 9 Design inspection, project sdininistration, indirect, conttructon management, and contingancy

coctn sibcomporents o8 developed using percentags guideRnse privided by INEL.
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1) Ll Cycie Coat and Senaltivity Anabysls  {continued)

243 153 14 q 2 Plaring studies and Wsts inciude thiss subcomponants: Fanpower, tast squipant. and

scquipymnt inestallation.

b ) 183 16 § § Equipment eoct sctimates are besed on the use of stainless siss) material for process vesaels
seinctnd for aass of deccntaminaton and malnoranes, urisss cthervise diso,ased,

b L 183 18 4 3 Alswancss o 30 sulficwat i o maintsnanos cost,

248 183 18 7T 4 Fra-operatons fsting and sartup will be accompliished n o year

2497 183 15 3 2 Sorting costs also nchude Gosts associatad with waste characterizatien.

248 153 18 & 8 PLCC ssiimatens for faciity constraction are based on conditons. at kdaho National Enginesring
Labewraicry (INEL}, in kiaha Falls, kiaho, inciuding ubilities, abor and retaind design, censtnuction,
operstion, snd management factors.

248 193 18 1 1 Dispoyal costs are accounted for a3 part of the Yol FLCC,

x50 183 18 S5 3 The wystems ane deigned fer & 20-year operatiog G

e 1| 183 12 2 2 Demonstration costt cormist of nine subsomponsnts: manpawer during demonstration, building
ikt [CM), 2 cortingency.

252 183 18 3 4 Technoksgien rmuat be ready for plot acale demonetration in 2 years, icorporaton in n final
deabgn in 3 vears, and constructon in 5 years.

253 123 1] 1 1 The costs jor each facilty any dividad into thess 3ix componands: studies and banch scals tects,
dermoresiration, production facility consiruction, pre-operaticn costs, cpeamting and mainienance
{O&N), and cecortamination ema decormmissoning (DA D).

254 183 13 € 8  Thedlowence parcentages are historical averagas experianced by DOE confractors at INEL
for the typas of activities covered by wasts maragemant tacittes.

205 183 15 T 3  The mhtohdands oon! SUbMDonet o dhvidad into maintenancs labor and maintenance
reptasemant squipmant coxt. The anral malnbenancs acuipment oot & 7% of the original
acquipinent capital coet for most Qubsystems. Tha anirusl raintancencs lobor cost is 250% of the
maintenonce squipmant cot

i 183 12 7T 3 For subsystems with corrozives, 10% of the squipment cost it extimated ax the sl

kit SQUIRTE cosLt.  For subarsterme with aimple nequinemanta, such a5 grout and
ki decorriiemndtion, & Eetter of 4% i vaed.

257 34 2 2 2  Coots for monitors sre included in sach trestment sabyystem.

=3 24 100 4 1 Cooling water oty wers assumned i ba negligbds by companison and vwere ignomed in s
s=mpie anahyse,

255 a4 100 5 2 Apriceof 30056 par KWh was used for sleciricity, and §2 00 par milion British thermad ueite
(M Bhul wen umad for natursl gas, .

260 a 125 8 &  Tha facitty mcludes alpha confinmnnt rather than bulld two smaller feciities (one for olpia and
cw Tor ron-aloha MLLYY).

b ) | 4 124 4 3  Tronsportstion coxts wara not inchuded sx part of the PLCC sines fhay wers sermll (=~19%) and the
same for ol Sysherma.

. T4 i1 12% 5 @  The tma vals of moeney was ignored in this snslyxis

. 4.1 124 7T 2  Costinformation obtained during eecond helf of 1685
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iINT3 = ASSUMPTIONS OR DESIGN FEATURES

Costs for Stucies, Bench Scale Tests and Camonstrations wens sstimatad from masanch

Sleaign {pralirary plus dutaded) i welimaind of 23% of Bty construction coats (FEC),
Profect management for conatruction {DOE and MAO) b eetimated at 10% of FGC
Construction costs include bulldegs, souipment and Indirect coets.

Inspecton: (sngineeing support during construction) to estiratod o 7% of FCO

Buiding mnd siruchors costs ane sxtirmbsd by mutiiplying bulling unit costs By the speos siuam
footage socndmd 1o sech) Uty in the scoping shudy fayeuts (SELs).

$1, 700400t for triple confinement siphe calle
$500¢sq-ft for doubly confinement aipha collts and eperating aress next to alph colle

$4200 -t for puckaged wishe hendiing aress, non-alpha process orees, ond analytical
Intorstoriea

S1B0Mg4t tor office space
Cvartmgs tranat wars & significant cost for' moet subsyetsms.,

For aquipment that is net sesigred to NOA-1 standarrs, feciors wene ussd 0 sdiust the ooot up
o thosa standards; 3 wes used for nonsfoed graoe suipment, 1.5-2 0 wis applisg 1 supplisr
(v - 8

Biiplcing unit rates include ol materkal and labor resded for constructing ther building shal
inciuding uliites, ighting, HYAC, snd site devslopmant costs.

Te watirmate the wddiioral couts of the supparting equwpment, allowances o colimated as &
parcariage of the ictal squiprrent purchase coat

Subeyatems which involve proosssing squipment. 14% = alecirical; 30% = machanical 20% =

ot Eaion’ .

For subxystens whirs matarial handing B the major prcoacing sotity: 15% 2 slactrical, 5% =
mechanical; 5% = ingtrumentstion, '

For non procassing areas (adminisgaton snd support]: 15% = sectrical; 1% = mechancal; 1% »
ingirumentation.

Major squipment costs ane based on similar faciity costs, costs from supgliers, or by making
mginearing judgments.

In the case of acid digestion, which is highly immatune, s sdrs factor of 4.& was applisd tc
Equipmuant was added to all subsystems for alpha containmant {s.g. shieid windows and clossd
circytt belinsizion).

A 25%, conlingency was added to tha total consiruction coxt [becsuss the coxls are 2 planning
[l ezt

Altwwaricss for project scope change = 10% of construction cost.
Construstion mansgeme st « 17% of construction costy {ecuaiiment + buikdingas + indinect costa).

Incirect cowha [ncluder) subcontracir overhead and fess} = 299 of the totsl bulkting, stuchire,
and ecpapment coots.
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B Life Cycle Cost and Senaltivity Analysis [m}
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i el whirs tvh Sechivalosy devioper provided the total cost, o sddibonal figwances wire
ancichend.

Concephsal deaign i ssiimated at 1.5% of construston cost.

Pri-Opfation couts are aasivied aqual to ofe year of toba) facity apersting costs
Safety asaurance is extimated at 1% of construction cowt.

57 million iy the estimated cost for all pamiits.

Cparating tabor, widties, and consumably materaly wers estimated from tw equirements of
sach subgystem.
Mantenancs labor b satimated ot 250% of the cost of the spode parta.

Annua maintenance squipment costs s satimated £ ba sbout 79 of the origindgk ecuinmont
coxte {10% for subzysteris with comosion).

Tha cowt of D&D is estimated at $450/ea-t for the sotal taciiity.

The PLGC oot estimete iy the sum of the component costs,

Disposal costy s based on a unit rate of $249M3 ke burkif i an engineerad disposal faciity
Tobsd PLOC i the PLEC plus the ditpossl cosls,

The Toial PLCC incregees by 50% if the Oparsiing and Mairtsnancs coet s doubled.

The Total PLCC incrosses. Dy 23% if the Dieposal cost ie doubhed.

Uncarain subsyshams (recadying and prep, owgmnic desiyr, [MEOQ, CWO, and acid digestion],
process reskius [VacLT desorption, aquecus washing], 3o trestrment [sg washing], srd
cebris reatrnent (high press wishing, sgitaton washing, acid digestion, CWO]) wera ghn a
S0% continpancy.

It wees Fourd that 28 systemy wera squatly sansidive i pre cparatons cost.  An incresss in pra
operation duration from 1 pear b 4 yeary will result i1 s incrsese of 12% i the PLEC,

Aralysis of stabilization technciagy ignored the stabity of final waste, Polymer b most stable &
3147, Cararmic and grout ara lese stabhe and cost $154%.

Transpariohon sosts have not been incuded in tha PLOC,

Transporintion cost could be calcuisted Trans. Coat = (Ibe waste'd4, 000 basshipment 3860 +
Fate X =Wy rrided) | where raite = $5.84mi (<30 méas], S4.08imi (30200 rmikea), ar $4.00 (>200
miles).

A cortingency of 2% wag sdoied Tor QSN costs.

Anglysin indicaiws that research and developrmnt costs are simal relathes to imnplanentation
oSt

Tha uncariaintiss in ol PLEC sre estimated Yo ba -35% to +75%. The madirnum oiffarenon in
INTS's in B which ix not significant.

D2 0 - all INTS% wens sssumed o requins apprsdrretsly the same smount of DED: epacific
raguirsmanty (which dapand wpan the ned s of e Tacility} wene ot debarmingd.

Ernvironmeial restoraton - il INTS's wers Srsumad 19 Magurirs Apprcdnrately i same amount

of sits resioraiion; speciin equinemants: {wirch diend upor the Mot Lee of the Bnd) wene not
detaTrired.
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i mcmcmmmm Im

a2 Atk A0 8 3 For cakuieting tansportation and dsposad Goats, K wik sesumed that the stabilzed weshe wil
be whipped to and Ssposad of st 0w Nevada Teat S8a.

.33 Ag A24 4 3 The Scoping Shady iayout, S5L, for esch faciity b based on a surge capacity of 2-8 weeks for
the indoor slorage of MLLW drune and an w triphs confinement aystem £ meae pocess
slpha-corteminabed MLLW.,

a4 AB A24 838 85 Theeliies' procsss units wars deaiors 3 vl ot leact 1265% of the sxpected mass fow
ratea.

g} Criteria for Axzessing Technology Risk

ME 514 159 2 2 Flsxbidy - This study did not svaluets varistions in wasts throughput or concantrations, enhd
dersalopad e sytant 10 est e winkhis 3t T gven throughput,

) 1] a2t 159 2 2  Effectivensss - Hinad on fsilsble veandor date, gl systems: wers gsaumed capable of reating
the ceganke camtamnate o the ERA ST,

ST 51.1 158 2 2 Versatity -VWas taken care of in fw sslection process. By combining the uelected
tachnologies., it wis ponsidersd tat the nonthwmal syasers coutd theat all the wirste I the
waste profie used in this shudy,

Maintairabiity - Asscssment of maintsirabity wars berond tha scops of this study.
Hazusdous veaste ganeration - Cetals of polental contaminant canyever cannol be dedermingd.

.

e A1 1580
j: 1)) £1.1 160

W N Ok A N
M M W MR

I 210 1E0 Vaolupm paciuction - Valumes of wetts inputs and acoipute wans sstienased for aif sysiams,

A 511 160 Bynroducts and ressiusls - Byproduchs from the subsytiems wara sstimxted

ax 511 160 Avallabiity - Judgment of svalability wes nighty qualitative indhis study. Long-termn operationat
sxperiance iy not aviiable, and 3 detalind anatysls of the fiability of sach Comporant was not
aore.

323 St 160 2 2  Relmbiity - Judgmant of relisbility wis highly quaiitathwe in this study. Long-term cperational

sxperimnca is not wvakable, and 3 detalied anatyms of the relsbidly of sach component was ot

o,

M R 1680 2 2 Hugwrcks wasds goneration - Secondsry wiste sirstime Qentrabed by the procesees e
beun charaetorized, and the woiumes of elfludnts e boen odbirased.

325 514 161 2 2 Firad warste form volume and contamirant loading - Waste leadings. in the stabliization media
wors dbatmad & be the same s for the ITTS atudy.

- v 51.2 161 2 2 Fina! waete form performance - Developer dets appedr to varify that the wasts forms sslscted
can meet EFA TCLP saching criterin

3zr 5.1.2 151 2 2 Awbome releases - Technoogies that wers thought 1o minimizs gaseous siMuer ware salectad;
howsver determination of conteninant CaTyover equires testing ot operating condiicrs,

. v | 512 181 2 2  Ecologcal offects = Requine performancs sraiysns boyond the seope of s study, However,
arygireersd ciapoat hacRtes woank saaunyed to provids the reid srvinonmasntal probeciion
wvadable,

ax 8.1.2 161 2 2 Wnnlwwelv Neledtis - Sy wdtn deirined b recyeks wikttster whwre poosible;

deterrnration of comtamirent reiessss. reguines tesling.
a0 51.3 &2 2 2 Huwrdous openiting cordions - Deteimirmiion of off-nermal modes of opersiion and their
corpaauences wis beyond the scops of this study.
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gl Criterin for Aasessing Technology Risk {eondimiad)

M 512 182 2 2 Process conbrolk - i is apsumed (balwesd) that tha non-themal reactions occur wt s sufficlently
aleww rate that the controls con prevent upset andior accident conditiens.

32 E13 152 2 2 Hazardous neagents - 3l non-thermal syxhiens ves haZardous rsagents; ErOCeass were
sabacted Based on Using the st hazardous maberial that would cB parform the kinction

513 t1.v 2 2 Hazireiacs process squipnment -Tachnologlas. that opeste under sxthemely hazardous
corvitions (such rx high pressurss, or the use of lammatde rmatersic) wers sliminatsd from
corvideraton.

a4 513 163 2 2 Upsetand accidsnt conditions - Lt s dickumed o be e,

335

5.1.3 163 2 1 Hanmoancs worker xpasurs - The potential o worker suposure i rot dafined dus 1o the sery
stagn of systemn development i s beleved thal the mantenancs requiremets wil De sinie i
all syuira,

k- = 513 te3 T 2 H-nomal conditions and thelr protability end cormequences - Evieluition i queliative.
337 214 84 2 2  Complmdly - The simplest systema that would maet the freatront requirements. vens selecied.

@ 515 1865 2 2 Schadula - The syctems shuliss ars sxtmated to requice 7 io 10 years of developrosn!
dernongirrtion, conatruction, and permitting bafors they can be impiemebed for featmant of

8

DOIE mibaad waste.
a3 a1 177 2 2 A feuad wasts Torme sre eapacted to conform o LOR's {redquines. wanfication).
NOTE: *U Tha uncsrisinty in an assumpion

{on a scale of 1 - 10 with 10 baing tha most uncertan)
58 The sensiivity of the Total PLOG to changes in the sssumption
{on 2 scaim of 1 + 10 with 10 being tha moat cansitia)

Bty Uinceriainty and Senalthvity were basad on engineering |udgemant
hao quanitative svalistiors wers made af this siage of the rview of the reports.
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APPENDIX G

ASSUMPTIONS FROM THE ITTS PHASES 1 AND
2 REPORTS AND THE INTS REPORT WITH
HIGH COST SENSITIVITY AND UNCERTAINTY




App D
MNo. HNo. Sect. Page U* 8% ITTE Prass1 = Critical Assumplions or Design Feabunes

2 Regulations, Permitting and Stakeholkder ingnst

1 1% ASS4 AT D 7 Some of the sccondary wasts sireams are invesiigated for patential delisling Lo allow an
exciusion pattnasy for the waste 10 become reguiated s ToneaTdous

1 100 Ad42 AN F 7 Fina! waste forns for LLW will be dotistabde to mduce the cost of disposal (Sublite D versus
Subdithe: C).

b} InputWasts Characteristics

1 108 33 BB 8 & Tha smh comtant from eombined eombustible and noncombuctible waste is 54% of feed, ash
fromn combustible waste & 7% of faed, and me dizcardad after calcining Is 10% of feed

- X 2114 17T E B Comtamiratnd xoil from snicrrnental rextorstion proorams may be uted ao one of the

= ¥4 211700 1 7 7 Suil (nouding contaptingiad xaf from DOE insalladions) or chemical addiives used s plaes
formera

— 3 ALl A19 B 7T The ITTS shal trast thw warste typea dexciibad in Table A-4 of Phass | report
d] Generat Design ard Operaiing Assumptions
2 113 ALE4 AIE 9 B Oparation of the treatment {acility is axsumad £ ha for 24 hours per day, 5 days par week, 240
diys par yaar, at TO% Sapecily during oparation. This is squivalent ta AC2Z halrs per year.
2 114 ALA AI 8 7 Farwrirr than thres shift opsration for small capacity {aciftes

2 ME AS3I1 A B 8 Sm:imnadforiﬂrwmﬂh particyiar sttantion lo aasa of mardenance and
seiattion of muterials 10 svold cormeslen Talures

3 52 A8l AM B B Farility will be placed it Seiirme Category 1; building will ba classified ax moderate hazand
Tacity
o 1322 10 B 7 System will Incorporate rmnirumm shiskiing: shislding not a factor in cysiam parformancs

S 285 AS532 AN 7 7 Sivilificalion fachnologies mest implementshity mguiremants: [oule, staclric arc, dinect current
prasma ionch, foesil fusiad, slagging robary kiln, high fregteancy mduetion rmaker; must mest 1550
bo 1550 C for aluminos!icabe final wasta form with minimal Tadng

- 103 3.3 = - B Shabilization formules consist o 1 part aol or glass Torming addiifve to 2 parts wasbe (vitrficadony,

1 part pobymer to ¢ par wasta (palymer stab/Rzation), 2 parts grout b 1 part weste (grout
wtabiizat|an)

d-5} Syztemn AE ~ Rolary Kin wilh Alr and Pelymer Stabiization
-— 283 215 24 & & Bottom ash and Ay ash stabileed residuss kepd saparate for trackng Trermuranic activity
d-7} System 81 ~ Imdirectly Heated Pyrolyzer with Oxyrgen and Dryfvéet APG

- 2 22 A4 5 B Combinas indimct fired, lecincaly heated, retary kiln pyrotyzer, SCC, and vitrification unit 2l
firec] i ocygen

w M) 2112 25 5 & Pyrolyzet, SCC, drwar ape ntegraiad with vilrification unit

a1] Recelving and Preparation

& 3% 2111 14 9 B Systems A - AB and C1: & b sesumed thet 51% of the wedte requines soring {Table 3-9 Phaas 2
raport)

oo 213t W@ 908 Systerns 51 and D1: Nis aasumed that 100% of the wasts requres. sorting {Tabls 3-9 Phase 2
report)

— 328 21414 48 95 8 Syaterr: E1: H b pursumad lhat 719 of ths wasts reguines sorting {Tabls 3-9 Phasa B repot]
e-3} Air Pollution Control {APC)

§ 1M 33 B8 7 & C 02 abaorplion, Ime recycling is 90% and rejection is 10%

a8 A 2114 13 7 Lima or dolomde recyclad gp toban Gimes in calcning dme recovery sysiem

B IM1 2114 1@ T 7 Ly dinposad by secondary ctabillzabion aiftor ton cyulos o prerrse that i ¢ontaine RCRA
metalz and s subject to dispeasl restrictions

B 2m 21t4 B33 7 7 Spant Bme racyclad g many 2= tan limes by oaleining
B 29 14 1 T 7 CO2 ke mondoned and discharjod sakining can be dors on or off wibs of Spott ime canba
disposed
8 308 34 X v 7 Lime recyciad up 40 tan fimes; jandfiling elminates COZ releass
e-d35] Stabikzation (Primaty and Ss=ondary}

g 266 AL532 A T 7 Fiva krw temperature shbilzation sgents mest implemanisbilty requinemenis: Poriland cement,
polymru {Dow Chamical), pexzcanio camant, polyatiylsne, and sulhir cament

.

-
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#18) Dizposal
1 482 43 8 % 9 Erispoeet couly - walimited frorn i rate oot of 5243 par Qubic foct for busial In enginesred
abova o Delow grownd dispossl
1 85 A441 AN 8 D Oustped LLVWY, MLUW, aipha LLW, eipha MLLW shipped 1o and disposad st Mevada Test She
1 o4 a & Enginesmsd dapoxal faclity used for copting
1 o0 AA42 AJ 5 7 Flngl weashe fomns will meet contact kanding mauinaments wilh no addiionat shiskding basides
1he coriaingr
N Lila Cycle Cost and Sensiivity Analysis

10 453 422%6 9 o Contingansy - 25% dua to planning level setinaia; eprled to afl components in production

Taciity construchion post

7
11 461 425 80 7 & Dacontaminstion and dacommissioning - sstimated by muliphing 5450 square fool unit rate
{from Schiauter) by tolot facidy squars feet.

7 89 8 Buiking and =Enactums - exhmated by muliphang huilbng unit costs by squbre feet for esck
si/baystam
78

2 & Aasumed mies (53 1) - 51700 fipta confinement ziphs calls (alpha waste processing areas),
$200 double confinement cells {aipha squipment pull cut) and oparaling areas next & alpha
calls, 3420 pacianyed wasie handing drock or drum bayk and nonatpha process, aperatar ard
packaged waste areas $15 for office amas, 3420 for analytical lab

12 95 134 153 8 5 Primary design equirement i triple containment of alpha contamination; srtiary containment wil

wilh Bitad potential for asrbarme: matanals

12 442 4224

12 443 4224
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ﬂmmmnmmdaﬁmm

(] EF 1EBAE 1.9 7 & S final wats forme for LA meny ba dalistabia te reducs the cosd of &sposal (Sublie D
versus Sublita ). Nocredit appears o have bean taken for such delsting in comparng
diffarant pysiems in this shudy,

1 243 43 44 & 7 Thws sama unit disposal costof $243 par cublic foot is. used for ol waste disposal regardess of
form, Th tahe is Based on the use of A snginsemed dispoxal Eacillly, afther sbova-ground a7 %
& balow-ground vault

1 258 4E 48 7 8 Sareeiivity to the choice of stabiization techrolagy vas detwrminad for virificalion, polymer
aclidification and grouting. Lder the isumption that 2N wiste forms bear the same disposal

cossl, tha effect on PLCC was in proportion to the amaount of washs produced, whvich increased in
thes corchar of vitrification, potymers, and grout

1 282 a4f &7 T B mmﬂmmmwmmmhthhmmmﬁmm.lm
assumed thai delisbed salts tould be deposed in & shalowland burial faciity withowt
stabilization. Defizbed vitifed wosto was asstmed to be dispased i & norrRCRA faciily sla
cost of S100GE T

d} Genstal Design and Operating Assumpllons
2 T2 41536 122 9 § Faclkties will ba designed for 3 moderabs -hazard casedication and Sesamic Categorny 1.

3 ™ 1583 122 6 8 Cperation of the realment facility i assumed to be for 24 howrs per day, 240 daya per year, at
OB copasity Juig oparstion. Thiz is squivalent o 4032 hours par yaar =t the Jesign rais, or
an overall capacity factor of 46%.

.| 74 1536 .22 B 7 Sinca systems are desigrad b3 hande both nosaioha and Slpha wasts up 1o 100 RCikg, i
corznmesnt vl b used for all process sieps from waste soiting through wasle stebilzation.
Tuwds lavals of containmant are ed for piher procassss i thare |5 Nted potentzal for air
emizakons.

4 297 53141 57 B & The preconcaptual syzhem layoute s basad on clacing squUipmant in aictght calts having thnes
lavels of confinement. Parsonnel sccesa is Through airock doors, with lamge comidars prerides
net b anch Rl for ecripment pull-out and mandenancs, Thie appeoach "hiae seldom been
used by DOE" and it needs further svalustion,

FS 225 4 44 7 9 PLCCEMMW&MM&HMHMHMHMMM
connemant desipn. Tha aiemaiie of providing separais fecities for aipha and nonalphe
wazhes waag nol Socted,

%7 Systam C2 - Plasma Fumnace with COZ Ratention

5 33 541 547 & 6 The technciomy risk of the cxygan plasma fumace sysiwm (C2) s judged hiphes 1han the
bamekne dus 10 bk of comimensal eocperisnee, offgan recycing, short plasira kech Kebimes,
peroblems of refractony fstime, moving pans and complex sealy jn the cenfrifugal hearth,

6§ 3IN G432 5N B 6 Mo plasma s system has ys oparaisd for mors than 100 hours on wasts of smogate waste.
Elnctrode iHetime is vary imited_

5 33 5414 512 B & i phementalion ricke conoam the Eatime of tha plama inroh slscirede, rimaciory ifatime and
repair procedures [ repain experience for a mdioactive ervinenmant exists), the near-zerc ar
leskage raquiramenl, separaticn of inort gases, and fats of radlonudides,

5 3@ S49.7 5% 6 & Theplasmaiumace ia at an early slags of devaloprend, but the ivshernsm of Several vandors

' and the high level of devsinpmerntsl affort indicates that plasma ac syetams: will e
commercialy availebis within the ITSS me fmme.

- 338 5418 519 § & Life-cycle coztx for C2 cannol ba exiimatad acouraiely st this siage of developmant.

d-}] Systam CI - Plasma Gasiflcation

G M3 Ef 5™ 6 8§ The technology rsk of the plasma gasification system {C3) b higher than i the baseline owing o

- unproven operation for mieed organicRnongonts washe destniction, very (imited siscirods
Wedime, volatilzation of metals, uncertain refraciory [fetme, and uncerteinty concerning siag
stab|Ry {5.5.2).

B 349 5517 532 £ & Tachnshogy developmant risk for C3 i high ewing to the carly stage of development. A plesme
resactor ie bedng designad for hospital waste 3t a teed rie of 1000 ty. Only pikd siudies and
resesarch have bien performed to data, Further developmert using DOE wastes i necessary.

—_ 37 5515 522 & & Accurate lile cycle cosix cannct ba sxtmeted for plasme gasiication
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d«} HystemF1 - Molten Salt Oxkdallon

T 143 23 215 8 89 Tl-neMuun&Iﬂﬂﬂmﬁmm{ﬁ}mﬂafhmsﬂwmmn.mm.mm.
and prirary stabiization with an independent AP

¥ 145 239 216 8 B mmmhwumummlmmMMnmmmwyumm
cisscdvad Eakt in the sk recycling subsysiam and sem ko primary stabilzetion,

T4 2341 216 & T Fead 1o the MS0 wi be sorted inte combustible and noncombo stible catagores, with only 1he
combusiible going to the M20 unft

T M 233 29 8 & Ash sy froam (e salk recysling subsystem in F1 will bee dried and sent 1ot primany
(witrifination} stabifration subsysiem

7 360 58 5 & 5 TheMdisn S Oudalion MSO) Systm (F1) has a greatar tachnology risk than the bassiine,
The technclogy cxddoies: lew-ash combustibles in moltan scdium carbonate, which catalyzes the
cedcation and neulralizes poids,  The viscosity of The mek must be contoliad by remcving ash
ind iruet iesbariale.

T 3 56 2 B D MED tachnology has been developed ovar tha ast 30 years with Utie commaTsial appicaton,
Mt of Hhe avakable date wers obiained in bench scals bests. Technology risks pertain to the
removal of ash friom the mad (o control mekt viscosdy, tha fate of mdionucides, and 1he effact of
cisrbon o aab frioen thé MSO procesd in subsequent wiilisation stabiloartion (5.6.2).

T OS5 5513 53 & 6 Treaiment efectivencss ls reduced by the Smitadion o M5 io reat only combustibies,
Cormosion of the vessel & & concarm. Ashin the moken bath is benibed 12 20% bo control viesegity,
Exgeass ash i ramowied and the sall iecyCled by disachstion, filration of ash, and evaporative
racrystalitration of the e, The aquesus sirsam iz recycled to avold wasta generation,

7 30 5516 525 7 8 Life cyche £ost and schaduls for MSQ may not moet DOE objectives. Further developiment wil
ba nesded to evalusta frestment of MUY, arganic destruction rats and sfficiency, and gaseue

d-f] System Gf -« Mollsn Mefal Waxts Dextruction
8 352 57 526 & B The technoiogy rek of G1 iz highar than the baoadins bacausa of bk of commarcial sxperience.

B W 572 52 6 DO Techoology rizks of the molten metal mathar In G cancern tha wffect of changes in Tand
composition on the metal and shig roduced, the resxlencs time required to traat Ranger
particies, and the abilty of tha mefer to destroy organic without a secondany combusion
chamber,

8§ 370 5713 527 & €  Theapplicablity of the 31 technology to MLLW has not yet basn determined. Frincipal
terhinalogy risks far G4 are in rafarenss ko maltar design and the removal and coaling of slag
and mokan metal at high femperalumes.

8 31 5714 5% 8 & h'lp[mrtal'unriskfarﬁumdhnnhﬂsrsiun{ﬁi]isﬁghmddmdmﬂknﬂdﬁ
MeaCr gRomEtry, rfctony, turbulence control, fseding, mstnumantstion, and slegmetal
rainoval, Radisnucida pariioning regibnes addilonal shudy. Thasd unsortamiee sdvweusly
tpact sealeup, cost and schsde.

—_ 374 BTAT 528 6 A& Life-cycie cost cannot b ancyrately forecast for ihe G1 system,

d-8} Systam H1 — Steam Gasiflcation

8 37 581 53 5 & The tachmclogy risk for steam gasification (H1) & freating MULYY & judged o be higher than for
1 baselnge daspibe 1he commercal use of the technokogy 1o theat omass waste, Gerval
areae of concern mre the fate of radionuclides and the destruction efficancy for orenics without
A sactndary pombistion chamber.

2 287 LHez 53 B & TmhndngrmkﬂnrﬂmmmmrﬂMhmwegmﬁmnndlndm the nigher
damande placed on asiting: tha deziniction sffiziancy of low-temparaiurs pyrotyeis for MLLW,
slaggang and plugging in the Auldized bad; fute of metals and redendides; and 1he offeci of
carbon in ash on subsequant vilrfieation and the leaching propertes of ihe disposed waste

Sew 166 25 220 7 B Sortingg requirerants for the steam gasifcation system ara larger Ihan tha basaine bacauss of
2 the inakilly of the gasifier io accept largs amaounts of noncombustibia.
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d-T)] System J1 = Jousle Heated Vitrificaton

10 338 5847 548 5§ 6 Somae devedoprmantal risk sk for e joube matier syytem, Banch-asab tests have baen
pratormed Using o varke, but full-scabe best repesin bo bs pecformasd, The Mestbility of the
wysbam be procaes a vatety of MLLYY byt v ot been demonsinabed.

— 72 26 221 5 b6 Ther Jouke-Heated Vikification System (J1) is 2 one-shep cidaliordiirification precess for
Iraxling both corbussdible and noneonbustibly waste deained sround a comantional
glass-making mather . Crrygen ks added ko oxddize onganics, and a plenum A provided 1o assis!

- 3 B9 &M & & This Joule-Heated Vitrificatlon Sysiam (J1) uses &0 elecincaly-heatad meber with a head space
for onganic cxidation operating at 2700-3000 F o aecarnplizh beth oxidation of combuestihes and
vitrification of e noncomiriatible wasba.

d-8) Bystem K1 — Thermal Desorplion and Mediated Elecivochemdcal Oxidation

11 A3 5101 53 7 7 The tachmualegy vk for Rt the TOMEC kywtem o much higher than for the baseline. Tha TD
and APC subayatems ane ks compi than those in e taesiins, but only imited smalscale
sxparance pdasts for {he spproach used in this system.

11 408 51014 53 7 7 Implementabilily risks for K7 are high due te high scrting requinements. questiona on prOCEsTg
plastics and combustibies, and 1ha sarly developmental stahe of MEQ al LLML, A numker of
prototypes have been built using commerdial electrochamical calls, but slectoiyta raplacsmaent
ard rageresration nesd further devekopraent §5,10,2.2),

— 40 51 534 T B Thamal Rexarpilon {TD} and Madsted Electroctwmical axidation (MEQ) in system K1 combine
lcu-iamperature technologine o ramove and dextroy volatile onganics in MULW, This syetam
1akes advantage of the EFS's debris rube for hazardous waste processing tat allows minimum
stabiikzation of a cenain category of MLULWYY detrs.

— 411 51015 535 7 7 Life cycle cost for systam K1 cannot be accurately forecast a7 this stage of developrent.
Ciposal of a langs wihame of grouted wasds acverosly sffacts overall el

48] Bystem L1 — Themal Desorption and Supercritical Water Oxhdation

12 190 Z8 225 7 8 The Themal Descplion and Supencriical VWatsr Coddaton (TDSWO) Syskem (L1} s designead
10 bt combaestihe ang noneombesd|bhe wasde bo vaporze low-boding VOCs st terperaiures
bty 800 F. The Thatrenal Datovbar, APC st Pricnary Stabdizstioe subayahaina are similar to
1hose uzed in the K1 TOMEQ System,

12 198 B3 25 7 7 SCWO reactants will e prassured and heated [ above 220 atm and 705 F and reacted In g
procass vessal stil baing develcped  Prototypa reactors use matal alioys and may uss
Coramics.

12 #3 6111 B30 Tachnaology risk for tha TDSCWO cystem (11} is much higher than for e baseline

12 418 51144 5-3% 7 7 Scataup and implamertab@ly of SCWO rermain 1o b demonstrated, Operationa] sSues
reqrarding xak buildup, reacter earmesion, and' high prassure negstively affect svailsbility.

12 45 ENM122 540 7 07 The SCWGQ proceas operates al aboul 1000 F and 230 alm, and significant probieme with
chigride-nducad stress comosinn cracking am spacted. Clooging of vabsaes and ines with
precipitated saite b ampered opemation of plot plnks. Pressure reduction and
gasMguidheosd Hepeatione Muest e cptioed.

12 421 51116 539 ¥ 7 Life cycle costs for system L1 cannol be accurately foracast bacass of the sarly stage of
SCWO devalopmsnt.

124X S1122 540 ¥ 7 SCWO rematns largely untesied an DOE' MLLW. The fird commarnciad SCWO pland was
placed inoperation iy 1394 processing A petrokeum Bassd wade sirsam. at the rate of & galions
P myine

— 12 511 53 7 7 System L1 combining Thermal Creseoption (10} with Supsercriticet Water Cuidation (SCWO) treats
sclids in the feed waste by TD ord wenda argatne bqultd waite and condensate from tha TD
offgas (3 1ha SCVWC Uit Shodges and guifed waste prepared from finsly ground solid waske
can by ireated by SCWO.

Y]
LS |

1] Racaiving amd Preparation
13 B 2311 27 39 & k i= sasumed thet S0% of the waste requirss sorting.
#2] Primary Traxhmant

14 300 5216 %8 S5 & The risk of cost svamns for incinerators is low for nonalpha MLLW, bul i i high for afpha MLUW.
Equiptnent sngirsaring divsicprent will be readed for aipha MULW (5.2.2.2),
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«-3} Air Polution Condred [APC)

15 200 52123 6E 7 7 Actinide volatiisation and potential relsace is the grastest ES&H concem when traating alcha
MLLW, which may contain the todc redionucides Lranium, plutonium and amanichim.  Actinide
volatfization and caplure requine further ahudy.

19 29 5212t 54 6 8 Actinide rampvals in APC modubes ars urknoen, For complance, actinides dichange from
APCs should be very kow and parhaps balow delection kmits. Moat of the actinides are thought
12 remenin in the incinerstor botiom ash, byt they may be volatikzed in the stabd zahion vitdher.
Alumingsicabe have bean st bo decesase @ctinide volsliity.

15 320 52210 6143 7 8 A method to pravent volatiization of metaly snd actinkhes must be devslcped, A cold sand trap
m propopod in e offgas duct 1o sbeord wolatiazed etk

_— 125 221 212 6 T Tra APC subsystem for the oxygen plasma furnace will include a Mulkzred bed of me b renove
CO2, chiorides and walar from lhe offgas. The spant me will be calcined for recpeling; the
releaced COZ Wi be discharped o tha simozphers.

— 358 5872 52X B & Tha eondrol of paricolabes, radicnucides, towic metals ond acd geses, ot the
neskstanca of slag and metal products, remain to be demonsirated for MLLYY,

+-1} Primary Stabiization

— X8 52 53 € B Bagalins primary stabikration was dasipned Lsing & meter of unspacified type and 4 siandard
dry APG uni. For extimaling cost, a cenirifugal heanh plasma meker was assumad.

wes AT EIZIDEI2 E B Primary stabilization by vitrification i 1asigned a moderia techndogy risk,
ef] Aguocus Waste Trealment

— 484 27 22 & B The concenaed organic: Squids: from TOMEQ are mm Ina !wmwﬂure (50-80 C)
Madizbad Ehdmchenicul Cidastion (MEOD) process using an aquetus sutfuric acidfioobalt
sulfate slecirohyte,

1] Life Cycla Cost and Sansitivity Analysis
16 227 41 41 & 7 PLCC sstimibin dodumie & jovarernt owred ded contrachs oparidid (G0CC) faclily. Cost
16 233 4221 43 7t 8 Design was catimated al 25% of conatruction cost

16 £5 4333 4% € T Profect mansnemant was 10% of constiuction coxt myltipisrs approprists i this busisss
ralatiorrship were used,

15 2% 4224 42 6§ 8 Consruction coshs wens estimabed for buidings (%180 for offices o $1700iq it for biple
containitent aneas); eduipment (supphen ot phoi alowanes for retalation, eledriol
instrumsniation and machanical); and indirect cost {23°% of buildings and squipment),

Congtriction managememt was sslimated as percent of aquipment, buiding and indirest and
included - 17% for managemsnt and 10% for project scope changes and management IEsane.

16 237 4225 42 6

—

16 238 4235 43 6 7T Contingancy was acsumed Lt be 25% of totat faciity construction cost.

— X255 45 45 & 7 Riak laval 7 serumed 1Ul oparatian i two years snd incrasssd oyl systam oosts by 4%.
— X-268 45 &5 & T Riak berved 3 aasumsd Tull oparadion i ihres yoars snd increased overeld syabem costs by 6.
—_ X-25F7 45 &5 & T Rigk kvl 4 for lechnologies inan sary stags of devslopmeant increased overall system costs

by 11%.
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4} Ragutzticns, Parmikting and mu inpurt
1 3 184 415 T 8B Fociltes are placed in selmic category 1.

'y T 181 i6 & & The facity consdsts of four radiation zores thal houss e fresstmer subsyebems and oter
sipport systoms. Thesa zones are as follows:

) 2 a 151 16 & § Lesw hazard areas; fhe zona that houses offices. and packaged waste handling areas.
2 B 121 16 & B Modarite hazard aneas: the 2o that housss oparating celieres aned analytical shomiory,
2 10 91 16 & _& Drutle confined aipha colis: ftw 2one that houses winterancs gullares.
2 11 181 16 & &  Triph confined alpha cefle: the zarw that houmes alphs MLLW proosssing equipment,

d) General Deslgn and Opesating Assum ptions
F§ X2 1101 20 &8 & The facility witl process all of the RCRA weste stored &t a DOE instaliations.

Fs 105 63 156 & @ Iaums hegiarcired Stk voriud tultiphe faciity options snd Farspariation of wiste 1o sch
laciities ware nit conzxiamd in this study ( 1hey weng acdmessad in the draft DOE Programmatc
Enviranmental Impact Strderment (PEIS)).

F& 106 53 156 &8 B Premise was thal a singhe Tacility will treat 28l existing DOE mived weste in 20 yrs (exciuding
Harford tank westes i Rocky Flats pondorsta).

F5 280 4 122 8 & The facBty nchudes sipha confinsnert rather (han build twe amafler faciities (one for sipha and
ana far nan-sipha MUOW).

F§ 111 &7 22 & T  Hybridsystems ihat combine the bast siements of thermal and non-thermal fachnologies were
not congidared,

— B9 1.7 12 & 9 Crhear 200 nor-thermal lachitologios were screand; anly fve systems. wers selectod (WP, 1868
~ g Anpendi D

2 a7 103 ¥ § B The aystem for reeting sipha LLVW and aipha MLLYW will acocommodate TRU wasts (riple
conGainment of pontaminmed waste),

Z 1| 1103 28 i & Pouhie cantainment will b Lresd for procasess ivolving metedials with lmisd pobentzl far
Decoming arbome.

2 1m4 513 183 5 B Process conainment - Double or riple contairenesd & standand for systems rsating radioactive
washe and ks not a significant dlscaminador between sysiams.

3 T 122 17 B B The facility iz designad &y operals twee shifls per day, seven days per wesk, 40 wesks per year
at B0% opanaiing effi:lancy for a botal of 4,032 hrs par yaar.

a BE 110} T B 6 Tha subsystems will hatie of [east 125% of the sxpecte flow rajes,

4 265 az 1m0 & B Stabilizaton formulas (mass bass), Polymer = 1 par polymes 10 1 par wasbe, Phosphate
beych? curarok: = 1 parl coramic additves o1 par waste; Gt = 2 parts grout ke 1 parl wasta,

d-1) Systennd — Groul Debris

5 112 z N 7 6 Syatern 1 (Growt Debris) uses mediated alectrochemical axidation (MEC) for primary arganic
desbraction

& #a 2 HTFT G System 1 (Grout Cetiig) uses vacuum desorpion b vwakstle crganic seperation of process

razidue and xoil.
d-2} 4ystem2 - Desorption

& 118 z2 n T & System 2 [Desorption) uses vacuum dasorction (folowed by etebilization) for debris wasle a9
wal 29 piocess resdue and soll.

& 1za €2 18 T & The vecuum desorpiion tech, does not remove heary and citactive metaks. Stakilzaton of
firess talenats in growl in e presence of debric has nol bean demensiralad.

7Too1a 2 M 7 B System 2 {Desnrpion) uaas cabatytic wet cadation {CWHO) for primary orgmsie deatruction,

11 1A 48 1% T T Tha excess water generatad by the sysiem may need to ba grout stabilized (rather then
dischargad), which would increaca the grout cyctem by £0% (S450k) and incroase diaposal coul
by $Z50M.

12 122 63 199 7 & Sorting raquiremants for System 2 ars mars sirsnuous thaa Sysiem 1 bacause debris muss be

saparated. BT sorling and prepemation was oonsidered to be the same for ol systers; this s
not congishent,
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d-3) System3 - Wash '

35 8 2 M 7 6 System 3 (Washing) utes MEC for pritmaey argani desirction,

5 136 &4 X7 6 6 If surfactan cannot be recyched (due to poor parftoning) treabmant of the surisctant would

incresge the oot to the MEG arganie desiruchon suboystem by mpproximaisty S0%, or 5100
rifion in PLCC, and saxfastant soats would incresss by <1 milion.

8 1% z N 6 Systam 3 (Washing) usas squecu:s wash for soll, process residue, and incrganic shudge
trwstrnant; and high pregsurs wasls for soft, opan and oomphes: detria.

d4} Systend - Acld Digastion
6 140 2 | I A - System 4 [Acd Digestion) uses vacuum thermal deserption for proceas residus and inonganic
4 138 2 b T I Syshem 4 (Acd Digestion) uses aquecus wash for soll.
8 144 2 3 ¥V 6 mdmni;uwH}mﬁwpmnwmfwwm

)

8 143 2 31 T 6 Smd[mm]mmnmmwmmem
ared moft dedaio breatmend,

9 149 65 2B T 8 The msponse of the ackd dgestion 3ysiem o comphex feed ETeems i not known,

9 153 E5 22 T &  Volstilaomanics couid vaperire prior to desiruction.

10 142 2 | I S System 4 [Acid Cigestion) uaes phosphate bonded ceramic for stabilization of treated solf and
Insolutle regdues.

10 148 ES 208 7 B Phoaphate bonded carmard stabiEzation (wiith wusss the wirste phosphornc acid) is a banch
scale process whoss effeciveness neexds to be delemnined.

10 150 B85 a8 5 5 Faibure of phosphste: ponded caramic washe may occur, with subseguent rprocessing reoumd;
cunrg may be skower than aricipatsd which will impac] produchion rate.

1M 15 B5 A0 T B Phosphate bonded coramic s essumed 10 be 2o stable a5 polytied and mars SEbke B grout

of] Sysiwm 6 - Catalyzed Wirt Oxidation

6 160 2 M 7 6 Syetem, 5 {Camlytic Wak Ohddation) uses vecuum fhamal desorplion for process nesicke ang
inorganic siudge.

T 157 . 3 ¥ B Syl 5 [Cabahytic Whet Cidation) usss CWO for primary onganic desinaction and soft debiis
brautraend,

7 183 253 5 T & The CWO subrsysten for realing soft detxis & the sanw &5 1or Teating onganics sxcepl that an
wtra shrededar in nesded and a barger (2500 gaf) vessal i usad sinces 2 slower reaction is
expichod

T 154 68 H4 ¥ B Tha crgario dextnsction efficiensy of CWO ix 99 90% for organics, and 2ol rnzad with WD
SOl has metal removal 1 nondebect eysls

2 158 2 M 7 E Syatem 5 (Catabyiic Wer Cnddation) uses aquesos wash for soll_
2 164 2 N 7 6 Syatem 5 (Catabylic Wl Ondckrtion) uses high pressun upray wash for open debiis,
#1) Recsiving and Preparation
12 167 1103 24 5 & Extensive sorting is requirad b divide 1he washs into appropriate categories
{as given i Table 3-1).
12 168 ry 2 =5 8 Al syalems uss extzneive characherization and soting.

12 168 212 24 & @ The: Receiving and Preparation subsystem (fhe highest oot subsysiem) s the same for all
Hemative INTS sysbems.

2 173 192 1 & B T5% of &l the wasie recebved by 1he Facllty will nequire soriing o meed the Yasie Acceptance
. Crilaria (WAC) for the processaes.
12 i1 182 1F & B 25% of afl the wasle received by the Taciity mests tha WAL of ihe theatrment procasses and will
not rieuire karther soting,
12 172 &2 187 & & Tha faadstonk oharscterization and praparstion process has not baen testad; & will require
furiher enginesaring cevistopment and demons! ration.
12 173 62 184 8 B Ansay & non-deshuctive axammation of incoming containers ard Jocapning, dumping, & zorting

of the waste: naculne wdensive concept devalonment, Companent development, Rardwars
sngreeiing and system rtegration.
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42} Otgarie Desteuction

S&7 174 1103 25 7 & Onganic liquid amd shucos washe will be cxidized or decomposad at tamperaiures below S50 F bo
avhivm destruction of RCRA contriied meterials.

LT 17T 62 187 7 6 The organic destruction subsystemns may be sffscted by fha pmsencs of non-orpand:
compounds prasen] in DOE wasias, the impact of non-ofgaics on parfonmrance, reksbity and
avaiabity must be addrensed,

i 180 3 G7F 7 6 Catulytic Wet Coddation, CWO, (rsed for Sysiems & and 13) frests organic liquids and sludges at
mFmﬁwmmmmmmhpmmummmm|w
strmam is netnalied, which is also assumed o operate at-a cormaersion of 95%

g 1 c3 o8 T s wmwwfwmqmmlchummmﬁmrw
1 aim; the reactions taking plece s axsumed 13 00 10 95 % compheon. The ecovery of HNDS
i ads0 assumed bo oparate 3 a corwensicn of 95%.

o)  Primary Stabllization (Groul)

4 193 2114 43 € 6 Tha Grout Stabization subeystam misss iwo pans of grout (cement, sand, & water) with one part
of vashe.

w14] Process Reskios and inonganic Shudge

6 227 215 ¥ T 6 The Frocess Resicos and omanic Shodgs Trasiment subsystem amphoys. vacuum desorpton
at SO0 F e remove voladle compounds.

e18) Bulk Sod

6 2 218 40 T 6 Thebulkeol s ealad (in campaigre) in the vacuum decomption process, and then senl to the
grout xtabiiration sutbsyshern.

18  Disposal
17 2w 4103 F OS5
12 240 2117 48 S

& Costs {or shallow |and disporil faciites have been vsad for all vastes.
& The Disposel subzystem consishy of dupozal units based on an earth mound and concreta cell
concept.

f] Lite Cycle Coat and Sensillvity Anatysiz

13 z3m 43 129 8 & Cixposal cosls are based on B uni rete of $242M3 for burlal in en engineensd disposal faclty

14 241 18 1 B 2 Costs b baen estimated assuming the sysbem s 2 govermmment owned and condractor
operated {GOC0) faciky.

14 248 1983 18 & 4 FLCC estimates for faciity corsinuct|on are based on conoitions at Idaho Kational Enginesaring
Labormiory {IMEL), in kabs Falls, kaho, including uifilies, labor and relnied deslgn, construction,
opadation, and maragement Tackors,

14 242 183 18 & @ Duzign, #rspecton, projacl administration, indlrect, conatiuction managemant, o

cosis subcomponants are deysloped Lising percentage guidelines. provided by INEL.

Tha alrwance parconiages ans historical sveragses experiencad by DOE contractors at INEL

for Grve bypes of acivities coverad by waske managemert Tacies.

14 254 193 13 8

m

14 2680 422 1% 8 6 De=ign (prakminary plus detailsd) |s estimaisd 21 25% of facilty consiruclion costs (FCC).

14 25 422 1% B B Prafsel nearagament for constructian {DOE and ME0) b estinated 2 10°% f FCC

14 266 422 126 8 € Inspedien {ergineenng support during construcion) i eatimeted ot 7% of FCC

14 284 422 128 8 8§ A 25% pontingency was sdded 10 the otal constnucton cost (baciuse the coste are a planning
bl et o),

14 8% 422 128 & & Allcwances for project scope changs = 10% of consiruction oo,

14 288 4272 138 B 6 Consinuction management = 17% of construgtion costs (squipment + buikdings + indimct coslx).

14815 37 424 135 B & A comingency of 25% was addad for OAM ol

1 24 1853 B & 5 Equipment cost ectimales are based o the use of siainisss stesl material for process vassels
seachad for axse of decoriaminaion and maaenanse urbess olherwise dscunsed

- 302 46 131 B & Unweartains subdyrstems (recehdng and prep, ergomic destr. fMED, CWO, and seld digesstion],

Process residue [vacuom desorphion, aquecus washing). sol treatment [aq. vashing], and
wm&w& [high prass waghing, agiiaton washing, ecid digastion, CWOT wers givan 2
confingéency.

. ) 4.1 125 B & Thee 1kné valus of money was igrvond in this analysis.

Note: *U  The uncedainty Inanoaeinphon  (on s scale of { - 10 wilth 10 baing the mosl uncarisin)
“& The sencitivity of the Toml PLEG to changes in tha assumption  {on.a ecake of 1- 10 with 10 being the most sensilive)
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EXAMPLE

EXAMPLE OF EVAL]-'JATIDN OF PERFORMANCE (ITTS PHASE 2 SYSTEMS)

The method used is an adaptation of the Kepner-Tregoe approach applied to the 422
regulatory and design assumptions for Phase 2 technologies listed in Appendix E. Ratings on a
scale of I to 10 were assigned to applicable assuropticns relating to nine cost and performance
criteria: 1) cost sensitivity, 2) cost uncertaincy, 3) regulatory compliance, 4) implementability,
5) flexibility (1o traat a variety of input waste), 6) operability, 7} maintainability, &) availability,
and 9} decommussioning and decontarmination, The ratings were assigned in & once-through
manner by a senior chernical engineer with process experience, based on engineering judgement
applied to the information presented in the Phase 2 smdy report. The assumptions, with their
respective scores, can be traced back to the related page in the L1TCO Phase 2 smdy report by
consulting Appendiz E.

To facilitate comparison, ratings were sorted according to system and criteriz using readily
available spreadsheet software. The Loms spreadshest used for the analysis which follows is
available for racing or extending the analysis. Table I-1 presents averapged rating scores on e
criteria for ten treatment systems {the baseline and nine Phase 2 sysiems, inctuding all subsysicms),
and these summary data are used to compute the weighted comparison factors in the table that take
into account both cost and performance. Table [-2 presents a siemilar set of averaged rating scores
for the primary thermal subsysterns alone, which serves to accentuate differences that are masked
by averaging over all of the subsystems in each system. Selected data from these tables have been
graphed for illustrating the points that follow.

. Observations can be derived from the rating summaries at different levels of detail, as
iNustrated by the following examples:

Analysis of Cost Assumptions. Qut of the total of 422 design and regulatory assumptions
identified from the Phase 2 report, 199 were rated for cost effect. The overall distributions of
ratings for cost sensitivity and cost uncertainty were bimodal, with peaks at rating levels of 2-3 and
61, reflecting in part the proclivity indicated in Table I-2 for certain thermal subsystems 1o have
either high or low cost ratings for both sensitivity and uncertainty {¢.g., high ratings for systems
K-1 and L-1 based on thermal desorption with special oxidation systems and a low rating for the
baselipe rotary kile systern). In Figure I-1, only the two kiln-based systems, A-1 and A-7,
evidence a lower cost sensitivity for ihe thermal subsystem {the kiln) than for the total systam,
including air pollution conirol, wasts stabilization, and other subsystems, The less fully developed
thermal subsystems, such as K-1, L-1, and F-1 (F-1 uses molen salt oxidation), were characterized
by high scores for both cost sensitivity and uncertaingy (Table 1-2), reflecting a tendency in rating
to assume that the costs associated with implementing unproven technologies, although not well
known, will probably be high. As discussed in the previous section of this review, cost
assumptions that are rated high on both sensitivity and uncertainty require careful review, Qut of
the {99 assumptions rated for cost effects in the Phase 2 report, the 69 assigned ratings above 5 for
both sensitivity and cost were incorporated witk the critical cost assumptions in Appendix G.

Analysis of Regulatory Compliance Assumptions. The averaged ratings for regulatory
compliance in Tables [-1 and I-2, respectively representing overall systems and thermal subsystems
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alone, show relatively small differences, in the range of 5 to 7. Slightly lower average scores were
observed for the less developed thermal treatment subsystems (F-1, K-1 and E-1) and for the
systems relying on grouting instead of vitrification (K-1 and L-1). However, the mote important
differences affecting regulatory compliance are found at the level of the individual assumnptions. In
Figure I-2, a histogram for the 2635 assumptions rated for repulatory compliznce indicates thag most
of the ratings are in a central range of 5 to 8, where it is assumed that they have little particular
effect. Subsets of assumptions having low or high regulatory compliance ratings are [isted
separately in Appendix H. The low scores, from 1 to 4, are of special importance becanse of their
appraised potential to interfere with achieving compliance, Examples intlude asswnptions
concerning: 1) waste characterization using drum assay procedures accuarate 10 only +100%,

2) the adequareness of the TCLP {toxicity characteristic leaching procedure) leaching test 1o
demonstrate 1.5. Environmental Protection Agency (EFA) compliance entailing long-term
stability, and 3) the lack of information on thermal release of actinides in primary thermal treatment
subsystems and their capture in air pollution modules, and 4) the untested designs used for
recovering bulk mercury from the feed waste and subsaquently capmring thermally volatilizad
mercury on carbon filters. Further review of all assumptions with low regulatory compliance
scores 15 recommended. At the high end of the distribution, scores of 9 or 10 may mdicate that
costly measures are being used to achieve unnecded overcornpliance; a possible example is the
asswmpiion that metals emissions will be controlled at levels that are one tenth of the EPA limits.

Analysis of Implementability Rating. Averaged ratings for implementability presented in
Figure 1-3 and Tables I-1 and I-2 indicate the highest scores for the kiln-based systems, A-1 and
A-7. In these two casas alone, the implementability ratings for the thermal subsystems are higher
than those for the total system, indicating that the kilns themselves are appraised as posing less
difficulty than the related air pollution controd and vitrification subsystems, All other thermal
subsystems have implementability scores that are lower than those for the corresponding total
gystem. The Joule-heated vitrifier {J-1), patternsd after glass melter technology, was assigned the
next highest score after the kiln-based systems. The lowest subsystem scores were assigned o
plasma gasification and molten salt oxidation, followed by mediated electrochemical oxidation and
supercritical water oxidation. Implementability was downgraded for a variety of process-related
reasons that are documented in the assumption listings in Appendix E, which are organized by
system and subsystem. Some of the principal reasors for downgrading thermal technologies were
1} an early stage of developmeni, 2) high sorting requirements, 3) sensitivity to feed variations or
system upsets (e.g., the potential for excess offgasing), 4) containment preblems complicated in
some cases by high pressure, 5) problems with seals for preventing leakage, 6) excessively high
temperatures of 3000°F and higher, 7) limited lifetime for components such as plasma torches and
refractory linings, 8) the effect of reducing conditions on constmetion matexials and on the thermal
volatlity of nuclides, %) complex flowsheets such as those involved in offgas recycling after CO,
retention or salt separation and recycling, and 10) conditions such as unburned carbon afier primary
thermal treatment that could adversely affect downstrezm vitrification,

Rating for Flexibility. The ratings on flexibility to treat a variety of imput waste shown in
Figure I-4 and Tables I-1 and I-2 indicate low scores for the molten salt oxidation system (F-1) and
the steam gasification system (H-1} becaunse of the inability o treat wastes containing appreciable
inorganic content and the consequent requirement for a high degree of sotting.
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Operability, Maintainability, end Avaiigbility. The ratings on these thiee criteria shown i
Figures I-5 through -7 tend to parallel each other for most of the systems, except that the appraised
differenices are smatler in the case of availability. Again, the differences among the systems as a
whole are smali, but they are amplified for the thermal subsystems alone. Many of the reasons
given above for downgrading implementability apply also to the criteria discussed here.
QOperability was particularly downgraded for compopent and matenials problenss and complexity,
applying most prominently to systems involving plasma gasification (C-3), molten salt oxidation
(F-1), and supercritical water extraction (L-1}, and to a slightly lesser degree to the plasma furnace
with CO, retention {C-2) and molten metal waste destruction (G-1). Maintainability was
downgraded for similar reasons, with the supercritical water extraction system (L-1) receiving the
lowest score because of the difficulty of maintaining seals at high pressures. The lowest score for
availability was given to the plasma furnace with CQ, retention (C-2) because of the appraised
difficulties involved in the combination of the plasma hearth and the gas racycle system.

Ratings for Decommissioning and Decontamination. The ratings for this criterion were
perhaps the most difficalt to judge based on general engineering expetience. ‘The scores shown in
Figure I-8 are similar for most of the systems and their corresponding thermal subsystems. The
systems given the highest scores were the two thermal desorption systems, -1 and 1-1, that did
not involve vitrification in either the primary thermal subsystenm or in a separate vitrifier, and which
therefore did not invalve adherent slag residues. The vitrification system given the highast score
was the Joule-heated melter because of its relative simplicity, involving fewer processing units.

Weighted Performance Scores. The weighted performance scores (WPS) shown in Figure 1-9
were calculated for ¢ach of the systems and for their respective thermal subsysterns (WPTSS) using
the weighting factors shown in Table 1-1. It should be noted that the weighting considered only the
seven performance criteria and not the two cost criteria. The highest weighting factor among the
seven criteria considered was given to regulatory compliance, which was 25% . Implementability,
flexibility, and operability were gach weighted at 153%; and maintainability, availability and
decommissionng/decontamination wers each weighted at 10%. Combining the criteria, even with
weighting, served w0 average ouk sorme of the differences among systems. As in the case of the
implementability criteria, the two kiln-based systems rank highest, and for thess two alone, the
thermal subsystem scares are higher than those for the total system. The ranking of systems
snggested by the weighted scores will be discussed below in relation to life-cycle cost.

Ranking Based on Performuance Ratings and Cost. The primary purpose of this review 15 not
to rank the systems under stady. However, for sake of illustration and perhaps to shed some light
on the merit of the systems, the following observations are offered:

+ First of all, certain critical regulatory or design assumptions need to be considered
individually, since their effect will be lost in averaging and combining scores across
subsystemns and criteria. For example, if the capture of volatile nuclides and mercury
from high-temperature thermal systems cannot be adequately resalved, then most of the
Phase 2 systems would be eliminated, with the possible exception of steam gasification
(H-1) and the two thermal desorption systems (-1 and E-1}, which operate at lower
temperamres. Or, if grouting proved to be environmentally inadeguate, then K-1 and L-1
would be the systems eliminated. Similarly, if the problems of implementing seme of the
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more complex or intensive systems proved unresolvable at reasonable tims and cost, then
sysiems such as CO, with gas recycle (C-2}, molten salt oxidation with salt recycle (F-1),
ot high-pressure supercritical water oxidation {L-1) might be ruled ¢ut. The comparisons
that follow take accownt of these individual critical criteria only by assigning them low
scores that bring the weighted score down marginally.

+ Ranking based on avernged and weighted performance scores is useful where it can be
assumed that all systems will meet mininmm criteria and the question is only which is
better, assuming smmilar cost. In erder to focus on unportane differences, it appears
preferable to compars systems based on the weighted performance of their thermal
subsystems alone (WFPTSS in Table I-1 and Figure [-9), which avoids averaging across
less critical subsystems. This is warranted by the indication that the thermal subsystems
scotved lower (more critical) than the corresponding total system in ali cases except the
kiln-based systems. The three thermal subsystems with the highest weighted perfonmance
scores are the kiln systems A-1 and A-2 followed by the Joule-heated vitrifier J-1. The
three thermial subsystems with the lowest ranking are molten sals oxidation (F-1}, the
plasma furnace with CO;, retention (C-2), and supercritical water oxidation (L-1), which
are the systems that were downgraded for complexity and high pressure.

* Ranking would normally be performed on the basis of both performance and cost, which
i sometimes accomplished by ratioing, The ratios of normalized cost to performance in
Table F-1 identify the same rankings either with ot without the added uncertainty factor,
which indicates only that the appraised cost uncertainties for the different systems when
averaged across all applicable assumptions were to0 similar to make a difference. By
plotting the data, it is possible to visualize three rank groupings of cost versus
performance (Figure I-10). In the low-cost grouping, between (.85 and 0.9 NPLCC, the
preferred systems based on performance are the slagging rotary kiln (A-7) and the Joule-
heated vitrifier (J-1}, which also score among the top three on performance alone,

In the intermediate grouping, berween (.95 and 1.0, the baseline rotary kiln (A-1) ranks
highest, as it did on performance alone. [n the high-cost grouping, above 1.15, the
thermal desorption systems L-1 and K-1 received lower performance scores that would not
warrant their kigher cost.

Reproducibility of Method. The Kepner-Tregoe method as applied in this review has been
shown to facilitate the quantitative evaluation of a large body of qualitative technical information on
competing systems and to allow objective comparisons 1o be made that could not ctherwise easily
be accomplished. The review does not address the important question of the reproducibility of the
method, since only one reviewer assigeed ratings to the Phase 2 assumptions considered.

However, it is at least encouraging that the results expressed in the ranking are easily
understandable in terms of certain broad considerations, including in particufar the stage of
technology development, concems over regulatory compliance, and implementability in reference
to the complexity and intensity of the system. The engineer who was engaged in this rating effort
is of the opinion that generally similar results would be obtained by any technically competent
reviewer nsing the method, provided that geperally similar premises were used. The premises used
in the currént review strongly favoered advanced development over early development and

!
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implici i { igni isk of regulatory noncompliance,
simplicity over complexity and downgraded mgmficam!jr fnr.nsk 0 atory
’Inl:;Pmmt};;lcteremrd of the review is available to penmit macing of all ratings in reference 1o the
study reports.
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TABLE I-1
Example of the Comparison of Performance Scores for Total Systems: Baseline and Phase 2 Systems
- Criteria
Weighted
Cost Performance Performaice
| 2 3 4 5 6 7 g 9 Score
Weighting Factors
System Description 25% 15% 15% 15% 10% 0% 10% WFS NPLCC
A-1 Rotary Kiln with Air for 2.87 480|630 715 684 682 614 655 5417 6.48 1.00
Combustion and Dry/Wet APC -
Bascline
A-7 Slagging Rotary Kiln 271 305|620 714 693 669 603 640 504 6.43 0.87
-2 Pasma Furnace with CO, 3.20 52331622 581 696 568 517 563 4.95 5.90 0.95
Retention
C-3  Plasma Gasification 3.00 5.11|6.09 6.21 696 600 532 6.26 5.05 6.06 0.86
F-1 Moiten Salt Oxidation 348 555|589 595 59 560 532 6.06 4.89 572 1.0
G-1  Molten Metal Waste Destruction 3.24 551 | 606 6,15 7.04 597 519 632 508 6.05 0.85
H-1 Steam Gasification 2098 519617 6.51 624 639 580 637 5.04 6.14 0.96
J-1  Joufe-Heated Vitrification 3.0 516|620 6.71 693 632 517 607 526 619 0.86
K-1 Thermal Desorption and Mediated 3.27 552 |5.76 6.00 6.80 6.10 574 6.35 530 6.01 1.15
Electrochemical Oxidation
L-I  Thermal Desorption amnd 3.61 5.6]1 |596 5.88 6.84 596 496 6.04 532 5.92 1.17
Supercritical Water Oxidation
Criteria Definitions on a Scake of 1 to 10: Definitions of Weighred Performance Factors:
1 Cost sensitivity
2 Cost uncertainty WPS - Weighted performance criteria scores for entire systems.
3 Regulatory compliance NPLCC - Normalized planning life-cycle costs for systems, from Table 4-6
4 Implementability in the Phase 2 report.
5 Flexibility
6 Opetability
T Maintainability
§ Availability
9  Decommissioning and
decontamination
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TABLE I-2

Example of the Comparison of Cost and Performance Scores for Thermal Subsystems: Baseline and Phase 2 Systems

Cost
Criteria Performance Criteria
System Description [ 2 3 4 5 6 7 3 9 Weighted
Weighting Factors . Performance
25% 15% 15% 15% 10% 10%  10% WPTSS
A-1  Rotary Kiln with Air for Combustion 2.71 343 |7.00 2800 686 729 714 714 500 7.00
ard Dry/Wet APC - Baseline
A-T Slagging Rotary Kiln 217 467 | 738 744 729 630 575 5.8 4.83 6.64
C-2  Plasma Furnace with CO, Retention  4.27 545 | 668 4.44 69.1 424 480 457 4.67 3,33
C-3 Plasma Gasification 420 460|620 378 680 350 300 475 4.75 4.1
F-1 Molten Salt Oxidation 540 670|512 385 360 346 388 500 438 424
G-1 Molten Metal Wasie Destruction 408 617 16,12 481 7.1 473 415 600 500 3.54
H-1 Steam Gasification 325 5631650 345 4.5 58 371 6,14 4.86 5.67
J-1  Joule-Heated Vitrification 475 500 |68 575 680 533 350 4.86 580 5.82
K-1 Thermal Desorption and Mediated 6.80 740 | 544 462 643 480 514 583 583 5.42
Electrochemical Oxidation
L-1 Thermal Desorption and Supercritical 7.00 7.13 | 6.17 4.17 657 4.00 288 4.8 6.00 3.13
Water Oxidation

Criteria Definitions on a Scate of 1 o 10:

WO QD = S Ln e L Db e

Cost sensitivity

Cost urkertainty

Regulatory compliance
Implementability

Flexibility

Operability

Maintainabiliey

Availability

Decommissioning and decontaminstion

WPTSS = weighted performance criteria scores for thermal subsystems.
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Figure I-1. Example of the comparison of cost sensitivity for Phase 2 systerns and thermal
subsystems.
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Figure I-2.  Example of the distribution of performance scores for regulatory compliance
asgumpions.
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Averaged Implementabiity Scores
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Figure I-3.  Example of the comparison of implementability for Phase 2 systems and thermal
suhsysems.
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Figure I-4. Example of the comparison of flexibility for Phase 2 systerns and thermal subsystems.
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Figure I-5.

Figure I-6.

Averaged Maintainability Scores
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Averaged Operability Scores
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Example of the comparison of operability for Phase 2 systems and thermal

suthsyStems.
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Example of the comparison of maintainability for Phase 2 systems and thermmal

subsystems,
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Figure I.7.  Example of the comparison of availability for Phase 2 systems and thermal
sbsystems.
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Figure I-8.  Example of the comparison of ease of decontamination and decommissioning for
Phase 2 systems and thermal subsystemns.

I-n




EXAMPLE

'E Weighted System Scotes
B -
:
/5]
o 4}
D
=
=2
@
=
2 -
Weighiad: regreompliance 25%. implementability 15%:
thendbikty 19%; operability 19%,; malmisinablity 10%;
manitabiity 10%; DAD 10%
0 Ad A7 C2 C8 Ft G5 H1 H K1 LA
System Designation
Figure 1-9. Example of the compariscn of weighted performance scores for Phase 2 systems and
thermal subsystems.
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Figure I-10. Example of the ranking of cost and performance for Fhase 2 thermal subsystems.
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