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Preface _ | | !

i

The container fabrication process development activity (also referred to in text as the Fabrication
Project) consigts of a multiyear, multiphase project to assess alternatives and to reccommend and
demonstrate a method for fabrication of disposal containers through production of full-scale
prototypes. o ‘

" This activity is being pursued concurrently with two other process development activities: container
closure process development and container closure nondestructive evaluation process development.

This Phase 1 report is a fabrication process assessment; Phase 2 will provide test specimens and sub-
scale mockup fabrications with a formal evaluation report and proposed specifications for both a
primary and an alternate fabrication process; and Phase 3 will provide a final report and final
‘specification package and several scts of full-scale prototype parts.

The Phase 1 closure process assessment report, "Closure Development for High-Level Nuclear Waste
Containers for the Tuff Repository, Phase 1 Final Report," UCRL-15964, is referred to throughout the
text as the Closure Development Report; the closure process assessment activity is referred to as the
Closure Project. ‘ : : : ‘
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Abstract

This final report completes Phase 1 of an engineering study of potential
manufacturing processes for the fabrication of containers for the long-term storage
of nuclear waste. Work was conducted under U.S. Department of Energy (DOE)
Contract 9172105, administered through the Lawrence Livermore National
Laboratory (LLNL), as part of the Yucca Mountain Project (YMP), funded through
the DOE Office of Civilian Radioactive Waste Management (OCRWM). An
extensive literature and industry review was conducted to identify and characterize
various processes. A technical specification was prepared using the American
Society of Mechanical Engineers Boiler & Pressure Vessel Code (ASME BPVC) to
develop the requirements. A complex weighting and evaluation system was
devised as a preliminary method to assess the processes. The system takes into
account the likelihood and severity of each possible failure mechanism in service
and the effects of various processes on the microstructural features. It is concluded
that an integral, seamless lower unit of the container made by back extrusion has
potential performance advantages but is also very high in cost. A welded
construction offers lower cost and may be adequate for the application.
Recommendations are made for the processes to be further evaluated in the next
phase when mock-up trials will be conducted to address key concerns with v-rious

‘processes and materials before selecting a primary manufacturing process.
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1. Introduction

The U.S. Congress and the President have identified Yucca Mountain, Nevada as the site for
consideration for the first U.S, high-level nuclear waste repository, Lawrence Livermore National
Laboratory (LLNL), as patt of the Yucca Mountain Project (YMP), has the responsibility for designing
and developing the waste package for the permanent storage of high-level nuclear waste. To develop a
design for the package, LLNL has activitics underway in scveral interrelated areas: the package
environment; the selection and testing of the container structural materdals; the container design,

fabrication, closure after filling, and inspection of the closure arca; and the testing and analysis of the

package performance under expected tepository conditions, All of these projects are currently in the
preliminary, conceptual design and development stage. Babeock & Wilcox (B&W) is involved with
the YMP as a subcontractor to LLNL. B&W's role is to recommend and demonstrate a method for
fabricating the metallic waste container and for performing the final closure of the container after
filling it with wastc.

At this stage, LLNL contemplates that the container will be a single-wall, corrosion-resistant metal

cylinder similar to that shown in Figure 1-1. Candidate materials, currently being cvaluated by
LLNL's Materlals Testing & Characterization (MT&C) technical area are the six shown in Table 1-1.
Projected production requirements are shown in Table 1-2. The mictallic contalnment barrier is the
primary waste container structural member and is intended to provide substantially complete
containment for the nuclear waste for 300 to 1000 years after emplacement in the repository  The waste
package is being designed to meet 10 CFR Part 60 (1983) and detivative requirements (O'Neal et al,
1983). The final engincered barrier system design may be composed of a waste form, metallic container,
borehole liner, and near-field host rock, or some combination of these components,

The contract {s being administered in three phases. Presented herein is the final report for all
actlvities related to recommending fabrication technology in Phase 1 The objective of the Phase 1
activitics was to perforrn an engincering study (o assess various alternatives and recommend fabrication

processes for the containers. Full-scale production of the containers is not anticipated to begin until
1998.

This report consists of an executive summary (Section 2), an outline of the technical approach to the
program (Section 3), a description of the major project activities (Section 4), and a summary of the
results and recommendations (Scction 5). Quality assurance information (Section 6), a list of references
(Section 7), and a bibliography (Section 8) arc also provided.
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Table 1-1, Candidate container materials

‘ Common
Common ‘ - Industry Unified Numbering,
Alloy Name _Designation . System Designation
3041, Stainless Steel AlSI 304L . 530403
316L Stainless Steel ~ AISE316L - 831603
Incoloy 825 Alloy 825 NO8825
Aluminum Bronze ‘ ‘ CDA613 C61300 ’ o \
70/30 Copper-Nickel CDA715 C71500
Oxygen-Free Copper CDA 122 o C12200

Table 1-2, Projected production requirexnents for containers

Year of Receipt Annual ‘ Cumulative

B 1998 150 150
o 1999 150 300

2000 150 450
e 2001 : 350 800
A 2002 650 1,450
el 2003 1500 © 2,950

A 2004 1500 4,450
N 2005 1500 5,950
o 2006 1500 7,450
R 2007 1500 \ 8,950
- ‘ ~ 2008 1500 10,450
R 2009 1500 11,950
<A 2010 1500 13,450

. 2011 1500 14,950
" ; 2012 1500 16,450

' 2013 1500 17,950

. 2014 1500 19,450

W 2015 1500 20,950

KK 2016 \ 1500 22,450 :
N 2017 1500 23,950 .
N 2018 -~ 1500 25,450
2019 1500 26,950

2020 1500 - 28450
2021 1500 29,950 )

2022 400 30,350
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2. Executive Summary

As part of the U.S. Department of Encrgys (DNE) Yucca Mountain Pro;cct (YMP), the Lawrence

Livermore National Laboratory (LLNL) has the responsxblllty for designing: and developing the

package in which to permanently store high-level nuclear waste in the tuff repository site at Yucca
Mountain, Nevada. LLNL engaged Babcock & Wilcox (B&W) as a subcontractor to develop the
technology for fabrlcalmg the waste container and for permanently closing the container after it is
filled. Presented herein is the final report for all activities related to fabrication processes in Phase 1
of this contract. Closure acdvitics are addressed in the Closure Development Report.

A three-phase program is being conducted to identify, assess, and demonstrate the optimum
manufacturing method for containers, consistent with the pcrformance requiremcnts for Yucca Mountain.
The specific purpose of Phase 1 was to conduct an engineering study to assess various alternatives and

manufacturing processes, to identify gaps in fabrication technology that nced to be examined, and to
rank candidate processes with respect to their abxhty to meet the application rcqulroments Plans for
Phase 2 involve vendor trials to produce mock-ups from the candidate materials by various processes so
that both a primary and an alternate m anumuurmg method can be selected. Prototypes at full scale
would then be made i~ Phase 3 via the primary process for the final material selected by LLNL. Full-
scale producticn of containers is not anticipated to begin until 1998.

Phase 1 was a 6- month study to define the performarnce rcqunrcments and the evaluation criteria,
survey the state of the art by a literature and vendor survey, identify candidate manufacturing
processes, and then rank those processes according to the criteria.

As B&W began to collcct informatic n on the performance requirements from LLNL and DOE, it became
evident, because of the preliminary nature of the project, that these requirements were not fully

‘defined. Therefore, it was necessary for B&W to make several assumptions. B&W assumed use of the

American Socicty of Mechanical Enginecrs Boiler & Pressure Vessel Code (ASME BPVC), Section VIII,
“Pressure Vessels,” Division 1 (Lethal), to develop a technical specification for fabrication. B&W
believes that use of this code, which is well-accepted both legally and by industry, will hasten
Nucelar Regulatory Commission (NRC) licensing and public approval. Furthermore, it is believed
that, although the code is technically very conservative being that the container is not a pressure
vessel, it is more efficient to use an existing standard than to create a new one. B&W also assumed a
container geometry, and prcparc a drawmg that included requirements for surface finish, inspection,

and applicable codes.

The state-of-the-art survey included an extensive literature search with over 200 references, which are
listed in the bibliography (Section 8). Particular emphasis was placed on the possible effects of
various fabrication processes that could possibly influence performance or quality for each of the six
candidate alloys (Table 1-1). Forming limitations for cach of the alloys were also reviewed. The
Copper Development Association (CDA) was used as a consultant to B&W for copper-base materials;
they provided access to their data base for the literature scarch and a report dealing with the possible
cffects of fabrication processes on the corrosion of copper. The CDA also prepared for B&W several
other reports that listed and described potential vendors for the fabrication of copper materials.

B&W visited sevcral European sites to review relevant activities in nuclear-waste container
fabrication and closure. A visit was made to The Welding Institute in England (TWI), where research
is being; conducted on the welding of copper for the Swedish nuclear fuel and waste management
company (SKB). SKB has the overall responsibility for Swedish nuclear waste management, and
B&W engaged them as a consultant in the project. A visit was also made to three sites in France with
personnel from the French waste management program (SGN). These sites included their operating
plants for processing and vitrification of nuclear wastes. The French have fabricated over 1000
stainless-steel canisters for the short-term storage of waste.




To identify and characterize the candidate manufacturing processes, B&W conducted several vendor
surveys. A gencral survey was sent out to seck information on vendors’ capabilities to make various
sizes and geometries of container components using various alloys, and to obtain an expression of interest
in the product. A survey of capabilities in spinning and deep drawing was also made since this method
“of forming seemed like a good way to fabricate the end heads. A heat treating survey was conducted
because it was anticipated that the size of the container might be a problem for existing vacuum or
atmosphere furnaces. In'addition to these surveys, two units of B&W (Nuclear Equipment Division, and
McDermott's CCC International Trading Company), who routinely purchase commercial products
similar to the container, soliciter’  “dgetary quotations for container components. They also contacted
various fabrication shops for an expression of intercst. Another inquiry package (with B&W's drawing
and technical specification) was sent to various vendors requesting quotations for full-size containers in
- quantities of 1, 5, and 1500 for mock-up, prototype, and production, respectively. Although many
vendors did respond to the surveys above, response was generally very slow. To accclerate malters,
B&W identified "key vendors" representing various processing technologies, and began a dialogue to
obtain more specific quotes and information in a shorter time. - ‘

As previously stated, the performance requirements for the container have not yet been fully defined.
Therefore, defining an evaluation system to rank the candidate processes was a difficult task. A simple
weighting and criteria approach did not secem practical because of the large number of
interrelationships between processing effects on cach material and the possible failure or degradation
mechanisms in service. Because of this, the system that B&W devised is somewhat complex.
However, it is intended as a preliminary approach to organizing and quantifying a complicated
problem. B&W believes that it will require continuing refinement as the application requirements are
better defined. ‘ '

B&W's evaluation system uses three primary evaluation criteria to judge cach process:
1. Performance—how the proposed fabrication method affects performance. The primary
~ concern for long-term storage is nonuniform corrosion.
2. Fabricability—the consistency and reliability of the process in making a good product in
terms of dimensions, surface finish, etc. ‘
3. Cost—oestimated comparative unit costs at full production quantitics. The report presents
cost ratings on a relative basis, representing only budgetary estimates.

The performance criteria consist mainly of the cffects of cach process on microstructural features. The
quantity of weld metal has a very large impact on this rating, so a process that makes an integral,
seamless container receives very high marks relative to a rolled and welded container. The weighting
factors for performance were developed from LLNL's list of 14 possible failure or degradation
mechanisms (described in Section 4). Each criterion was related to the failure mechanisms by using the
product of the probability of occurrence and the severity of a failure or degradation.

As a result of the activitics described previously, many conceivable manufacturing processes were
identified by which to fabricate the container. Several processes, such as static sand casting, were
excluded from further evaluation in carly reviews because of perceived problems with reliability and
quality. The processes remaining for the lower unit of the container fell into three general categorices:
(1) integral, a seamless one-picce forging made by back extrusion or deep drawing, and possibly
followed by cold work; (2) welded lower unit with the pipe body made by roll and weld, deep drawing,
extrusion, or centrifugal casting, then girth welded to a wrought or cast head; and (3) those processes in”
(2) that would subsequently involve cold working and annealing to break up the weld microstructure.

Each of these processes was then assessed via the evaluation system described above. Figure 2-1
summarizes the rankings for all three criteria and cach process for AISI 304L. stainless steel (AISI
304L). In terms of performance, the integral lower unit is the most desirable, and the rolled and welded
unit that is not subsequently recrystallized is the least desirable. However, the integral unit is about




three times as expensive. Some processes may rate lower in performance, but still meet minimum
acceptability standards (to be determined). If the cost of these processes is lower, they may be
preferred. The rankings were combined using a vector sum to give a single overall grade.

B&W believes that since the YMP is in the preliminary stages of defining performance re¢uirements,
design, material selection, etc., several optnom should be kept open in Phase 2 for the selection of
manufacturm;, processes. Thercfore, B&W is recommending that those processes shown in Table 2-1 be
evaluated via mock-up trials in Phase 2. Note that the recommendations do not call for all processes to
be used with all six materials. Rather, it is suggestod that only key issues be addressed for each

process. At the same time, the evaluation system could be further refined to select the optimun: process

and cost for the appllcatlon
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| 3. Technical Approach
3. Objective

The overall goal of the fabrication project is to identify and demonstrate the optimum manufacturing
process for container fabrication consisten! with the functional and performance requirements of the -
application. The solution is complex because the manufacturing method affects the characteristics and
propertics of the materfal being produced. These effects must be understood and integrated into the
overall program to achicve a material and manufacturing method sclection that meets the design
requirements and performs satisfactorily for many hundreds of ycars, Processes and evaluations should
be technically conservative to ensure safety and long-term performance.

In this regard, fabrication cost should not impose sacrifices in construction methodology. This statement
does not mean to imply that cost is not a concern, only that it is not the top priority.

An ancillary objective of the fabrication project is to provide input ta other facets of the waste package
development impacted by the fabrication process such as material sclection, container design, and
closure activities.

3.2, Qverview of Technical I'lan

As requested by LLNL, the total program has been divided into 3 phases. The specific objective and
approach for cach phasc are shown in Table 3-1. Phase 1 is a paper study to identify candidate
processes and rank them relative to the application requirements. In Phase 2, sub-scale mock-ups of the
container will be made by scveral of the leading processes. The mock-ups will help gather information
on limitations for some of the candidate materials and aid in narrowing down the candidate processes.
For Phase 3, up to 5 full-scale prototypes will be made in one material to demonstrate the preferred
procedure.

Figure 3-1 shows the'major technical tasks planried for each of the three phases. The plans are
described below to highlight key activities. As the work progresses, the plans are expected to be
modified as necessary,

3.2.1. Phase 1—Fabrication Process Assessment

Phase 1 was primarily an engineering study to identify and assess candidate fabrication methods. An
important initial activity was to establish performance requirements for the application by outlining
material, design, functional, and regulatory requirements. B&W expected that most of this information
would be available from LLNL to help establish and prioritize the criteria for ranking the various
processes. LLNL's initial Invitation for Proposal identified some of the criteria shown in Table 3-2.
LLNL instructed that preference be given to cstablished commercial processes that are reasonably well-
developed and in common use. It is judged that these will offer the greatest reliability, and will also
minimize the need for subsequent development work to establish a production capability.

The evaluation criteria are obviously very important in assuring that the process fits the functional
requirements of the design. For example, if a scamless integral body and lower head are deemed
important to climinate a weld joint (and, thus, minimize the chance for localized corrosion), then
obviously a welded construction would receive a lower ranking, On the other hand, a welded assembly

might offer significant advantages in cost, simplicity, use of standardized components, and be
technically well-understood.
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Figure 3-1, Schematic of major technical tasks
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PRODUCTION OF
PROTOTYPE CONTAINERS
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Figure 3-1, Schematic of major technical tasks (cont'd)
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Table 3-2. Preliminary listing of evaluation criteria for ranking candidate fabrication processes

“The process is an established commercial one in common use.
The number of joints is minimized.
The process is simple,
The process is insensitive to the presence of microstructural discontinuities (such as pores,
bonding, inclusions, and segregation).
5. The process produces high structural integrity and soundness,
6. There are no requirements for tight control over materlal composition or thormomechan cal
parameters.
7. The process is not confined to a single fabrication source, vendor, or facility.
8. Annual production capacity is sufficient to meet projected requirements.
9. The process Is cost-effective,
10, The process can be used for all candidate alloys.
11, The process has proven reliability,
12, The process is flexible in producing alternate configurations.
13, The process produces acceptable mechanical propertios.
14, The process produces optimal metallurgleal structure homogencously throughout for long-term
performance.
15, The process is conductve to gtate-ol-the-art ingpection and flaw detection capabilitics.
16,  Standardized components can be used.

An extensive state-of-the-art review was planned. B&W recognized that many projects involving
nuclear-waste storage have been conducted in the last 5 to 10 years, Because there were two other
repository projects in competition with the YMP when Phase 1 began, container fabrication was not a
new subject.  B&W also realized that foreign experience was available, especially in France. The
French currently operate wasle processing facilities, and have made and used hundreds of smaller-
slzed canisters, B&W will use the Swedish nuclear fuel and waste management company (SKB) as a
consultant on copper alloys and forming because of their experlence in the Swedish program. Also,
consultants from the Copper Development Association (CDA) will complement the activities related to
copper materlals,

Although B&W was informed about the capabllities of many vendors, a vendor survey was planned to
identify processes and to seek specific capabilitics with regard to processes, size lmitations, material
restrictions, production costs, ete. The intent was to consider all reasonable processes or combinations,
The literature was surveyed to investigate workability data for the six candidate alloys, and to
clucidale how the alloys might be affected by various types of processing,.

From these initial tasks, the proper background information was gathered for a comprehensive list of
possible fabrication approaches. ‘The approaches were then evaluated relative to the eriterda to
obtain a numerical ranking,

3.2,2. Phase 2—TFabricability Evaluations

Fabrication trials will be conducted to produce sub-scale containery for several high-ranked processes
from Phase 1, Evaluations will address process feasibility, limitations, and effects of procegsing on
materials, The more difficult or challenging aspects of producing container parts will be emphasized,
The size of the sub-scale mock-ups will depend upon readily available materials and tooling, but every
cffort will be made to assure relevance to the full-size container,

B&W anticipates that there will be a first series of mock-ups with perhaps four processes and three
materlals, Instead of fabricating using cvery candidate alloy, B&W will select the materials to
represent three classes of alloys shown in Table 1-1: (1) {ron nickel alloy (AISI 304L, AISI 3161,

—~
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Alloy 825), (2) copper-nickel alloy (CDA 715), and (3) copper (CDA 613, CDA 122), B&W would expect
to work closely with LLNL's MT&C technical arca to sclect thcse alloys and to provide input on
fabricability limitations,

From the first series of mock-ups, two processes (primary and alternate) will emerge ag most promusing
relative to the evaluation criterla, A second set of mock-ups will be made by these processes, By this
time, the final material seloction will have been made, so the second st of mock-ups will be made with
only one material. Proposed process specifications will be documented and production costs estimated -
for both the preferred an-i the alternate processes, '

B&W's approach regarding testing will be to perform only limited, routine testing (c.g., hardness,
tensile strength, bend strength, dimensional checks, microstructural characterization, and
nondestructive evaluation), with emphasis on nonuniform areas (c.g,, welds, bends), B&W will not
perform corroslon or fracture mechanies testing because this work is being performed by the MT&C
technical arca.

3.23. Phase 3—Production of Prototype Containers

After preview of the Phase 2 results for all the other concurrent activities, such ay closure,
nondestructive evaluation (NDE), and metal selection, detalled fabrication process specifications and
drawings will be prepared, A comprehensive design review involving LLNL and independents will be
conducted prior to the fabidcation of the prototypes. Up to five full-sized contalner sets (upper and
lower units) will be procluccd——onc for characterization lesting by B&W and the remalinder for delivery
to LLNL.

a&.x..{’.nhxmaﬂuuAppmﬂslm

For discussion purposes, one could divide the container into four main components (Figure 3-2). A
minimum of two pieces {s possible If the upper and lower units are cach made integrally, or a maximum
of four piecey {s possible if cach component {s made separately,

Figure 3-3 shows some concelvable approaches for fabricating the container components, depending on
whether they are made integrally or separately, If an intogral lower unit (with no weld joint) s of
prime importance in the application, due to potentially higher reliability, then a variety of potential
processes exist, As Figure 3-3 shows, these units could be used as-formed, or preforms could be made that
could subsequently be hot or cold worked. Some of these processes may have significant cost and size
limitations, but they are provided to include complete information, Once the performance specification
and process evaluation criterla are established, the numbor of processes can be narrowed considerably,

One method to produce the lower unit is to fabricate a welded assembly. Several options within this
method are also shown in Figure 3-3 in the "separate" approach, The body could be made by using
rolled and welded plate, scamless extrucded pipe, or centrifugal casting, The body could be welded to
the lower head, which could be made from flat plate or a forging (depending on the design
configuration). There are many processes available to make these welds, The welded assembly could
then be used as is, or it could be further cold worked and anncaled to modify the weld metal
microstructure. Many process variatlons are possible, even with a welded fabrication,

This section {llustrated the variety of fabrication methods that are available. Specific processes are
dpseribed in more detall in Section 4,

16
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4, Major Project Activities

This section describes the activities and the results of the major tasks in the project:

4.1 Performance Requirements

4.2 Literature Search '

43 Vendor Survey and Quotations

44 Copper Develop. ient Assoclation Activities
4.5 Forelgn Technology Review

4.6 Process ldentification and Evaluation

4.1, Performance Requirzments
41,1, Regulatory Requirements

The 10 CFR Part 60 (1983) requires that the container satisfy the application needs in terms of
performance requirements, environmental factors, and closure constraints. .Table 4-1 shows design
requirements that LLNL has derived from this regulation, other applicable regulations, and waste
management system requirements, ‘

Table 4-1, Key LLNL design requirements (O'Neal et al,, 1983) derived from 10 CFR Part €0,
other applicable regulations, and waste management system requirements

Waste packagns shali be designed to:
| 1. Contain the waste for 300 to 1000 years (@b

2. Maintain a release rate of less than 105 per year of radionuclide inventory present at the
end of the containment period (300 years minimum).®

3. Be retricvable for 50 years after the emplacement of the first waste package.®

4. Meet nuclear criticality standards, i.c,, not exceed an effective multiplication factor (Kypp)
of 0.95.

5. Not exceed temperature limits of the waste forms, which are 773K (500°C) for defense
high-level waste glass, 673K (400°C) for commercial high-level waste glass, and 623K
(350°C) for spent fuel cladding.

6. Retain legible, externally labeled identification up to and including the time of retricval.

7. Meet requirements for cost-cffectiveness, including direct package costs and related
repository system costs through the operational period.(@

®These requirements determine or affect the selection of containment barrier metal.
®Interactions of waste package materfals and hole-liner materials must not significantly increase the
relcase rate of the waste forms or the corrosion rate of the containment barriers.

Vagueness in scveral terms used in the regulations has caused some confusion in defining specific
requirements (c.g;., the exact meaning of the phrases "substantially complete containment” or
"anticipated processes and events"). As a result, specific container requirements are not yet defined,
thus making it very difficult to cstablish evaluation criteria to rank candidate manufacturing
_prozesses. B&W's approach to this problem was to assume that the ASME BPVC would be used as the
basis for fabrication requirements, Although the use of this code is extremely conservative, B&W felt
that it would be more efficient and effective to use an existing code specification that was well
understood and accepted, The use of the ASME BPVC for this Phase I effort does not mncan that it will
| be used as a specification for the procurement of production of nuclear-waste containers. It is.used here
‘ simply because it facilitates comparison of fabrication processes on a common widely understood basis,




The final specnflcatlon for productlon of nuclear waste containers may or may not contam elements of
the ASME BPVC.

4.1.2. Codes and Standards for Usein Evaluating Container Fébrication Processes

At the present time, there are no specific codes and standards available for the fabrication of long -term
nuclear-waste storage containers. The most frequently used code within the nuclear industry is the
ASME BPVC for the design and fabrication of pressure boundary components and appurtenances. The
code's Section 111, "Nuclear Power Plant Components," or Scctlon VIII, "Pressure Vessels," could bc used
for these purposes.

Within Section VIII, “Pressurce Vessels,” Division 1, (1986 Edition) are rules for the fabri'cation. of

- containers for'lethal substances and this appears to be the most appropriate. This was selected as the
‘guide to use in evaluating fabrication processes for these containers because it provides adequate

safeguards and proven rules for the fabrication of containers. Although the internal pressure for the

containers is expected to be small, the use of a code intended for pressure vessels will provide
conservative rules for material specifications and fabrication. B&W gained experience with this code
in the fabrication of the Three Mile Island Unit 2 defueling canisters.

Adherence to the ASME BPVC requires that materials used for construction meet the requirements of
Scction. I, "Material Specifications,” and be included within the appropriate application section, in
this case, Section VIII, Division 1. With these rules it is not possible to use aluminum bronze (CDA
613), one of the candidate alloys, because it is not covered by Section VIIL. In other instances, there are
no existing specifications for some of the product forms that could be used in fabrication (e.g., Alloy 825
forgings). Table 4-2 shows the material specifications for various product forms that could be used if
the ASME BPVC rules are relaxed. These are to be used for interim specifications for making mock-ups.
Table 4-3 shows the compositions and specifications for cach of the candidate materials.

A draft specifica‘tion was prepared to solicit budgetary bids for the fabrication of container mock-ups

‘and prototypes.

4.1.3. Assumptions
Assumptions include a container configuration and other interface issucs.
4.1.3.1. Container Drawing

Since a detailed drawing of the container had not been provided, B&W prepared the drawing (No.
1167652D-0) shown in Figure 4-1 for discussion with vendors, quotation requests, etc.  Various
assumptions are provided in this drawing, and it is subject to many revisions. The "reference” top and
bottom designs are from the LLNL sketches, The "alternate” designs are suggestions from B&W.

4.1.3.2. Interface Assumptions
The following list contains assumptions that B&W used in the Phasc 1 activities:

1. The spent-fuel waste container configuration and size will be as shown in Figure 4-1, using
the reference designs for the top and bottom. The fabrication methods should also be applicable to the
defense high-level waste container, which has the same diameter and g,eomctry, but is shorter in
length.

2. At this point, B&W was not concerned with any structure inside the container that might be
required to separate fuel rods, etc.
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Table 4-2. Candidate material specifications for mock-ups

Product Form

 Centrifugal , ‘
) Casting ‘ " Pipe
“Alloy Bar Pipe = Other Forging Seamless Welded Plate
' TP304L SA479 o SA336 SA312  SA3l2 SA240
‘ [SA358) *
3F3,3A [sa451]  sA3sl ‘
TP3LI6L . SA479 ‘ SA336 sA312 - sa3l2 SA240 S
, [SA358) :
3PFIM [sad51]  sa3sl
IN825 SB425 ‘ (SB564/ SB423* (SB619/ 5B424
SB424 SB424)*
CDAl22 SB152 ‘ (SB283/ SB42* SB543*% SB152
‘ ‘ SB152)
coaBll (SB271/  (SB271/
SBl152)  $B152)
CDA613  QO-C-450a** (SB283/ (SB543/
Con952 SB271  SB271  QQ~C-450a**) QO-C-450a**)
CDA715 ‘ ' (SB283/ SBA67* SB543* SB402
$B402) <

CrA%64 : ‘ (SB271/  (sB21l/
5B402) sB402)

[ ] Denotes that the material is acceptable under Section III but not
Section VIII,

*  The containers are beyond the maximum diameter covered by the specifica-
tion but could be acceptable according to Paragraph UG-4, Section VIII.

( ) Denotes that the material is made to a process specification not
normally covering the alloy but meets the composition and mechanical
properties of the alloy plate specification. Currently not acceptable
to Section III or VIII but expected to be acceptable to Section VIII for
the production containers.

**  Not acceptable to either Section III or VIII.

Specification Sources:
» SA and SB - ASME BPVC
: 1 - QQ'- Federal Specifications
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UNIFIED
NUMBER

DESCRIPTION

CHEMICAL COMPOSITION

081300

€71600

C80100

ce5200

C96400

J92600

492800

NOBB28

$30403

831603

C10200  OaygenFree Copper
(QF)

Aluminuem Brorze

Coppet Nickel. 30%

Cost Copper

Cast Aluminum
Bronze

Cast Copper-Nickel

Alloy Stenl Casting
{CF.J)

Alioy Stee| Casting
(CF-IM)

Ni-Fo-Cr Alloy Solwd
Solution Strengihaned
{Incolgy 825)

Austenitic Cr.Ni
Stainless Stesi (Low
Carbon)

Austenitic Cr\N-Mo
Staniess Sinel (Low
Carbon)

Cu 00 95 mm Other Ag included in Cu

Al8D78F22020Mn0 10 mea NI
0 18mas PO 018 max PO O O mex BI
0 10 mas 81 0 20.0 80 Zn 0 OB max

Cudd b Fe 0 40.1.0Mn 1 O men NI
29 0:33 0P 0 05 mea 2n 1.0 max Ovher
Ag moluded n Cu, Cu V0 & men includeng
oll namad slements For welded
applications C0.06 max. P 0 02 man, Pb
002 max, §0.02 max, 2n 0.60 mar

Cu by 95 min Osher total 0.08 mas, Ay
ncluded i Cy .

AL 505 CUBS OminFe 2 5.4 O Other
total named elaments 99 0 min

SMn 1 BmaaNi2B0-320PY
max $4 0 80 max Ocher For walding
aded, Pb 0. 01 max

s
3

COO03mur Cr 170.21 OMn 1 80 man
NIBO120P0 040 max B 0 040 max 8!
2 00 max

a3 Cr 17 .0-21 0 Mn 1 80 max
ONISO130PO0Im S
81 1.60 mex

AIO2max 00 O5mas Cr 19 8238 Cu

18:30Febal Mn1 0OmusMo28.385NI
380480800 mex 81068 manTi
0012

€ 003 max Cr 13 00-20 00 Mn 2 00
mex NI@ 00-12 00 P 0 045 mas § 0 030
max 8 | 00 max

€ 0030 max Cr 16 00-18 00 Mn 2 00
max Mo 2 00-3 0D NI 10 0014 QO P
0 048 mex § 0.030 max 8 1 00 mex

Table 4-3. YMP candidate alloys

18 man Cb 0 60-1 6 Cu 85 0.60 O Fa
1

CROSS REFERENCE SPECIFICATIONS

AMS 4801, 4607 4701 ASMESB12 SA42, 8878 SBT1Y,
§B182, 30360 SHIOS ASTM BY, 82, B). 812 (102). 833 842
(102). 848 840 BOY (102). BYS (102). B8B (102). B 11 (102).
8133(102) 8182 (102), 8170{102). 6187 (102), B18Y (102},
6189 B246. 8272, 8280 (102), 6206. 8356 B350 (102).
8372(102/ 8395 (102) B432(102). 447 (102). BASY, HBO6
(102). 8566. F9 FED Q0O.C-502,0Q.C.676 QQ.N.571.
Q0-W.343 MIL SPEC MIL/W-BS MIL.T.3238 MIL.W.3318,
MILA 19621, MILW.23060. MILW-B- 18007 BAE J46Y
(CA102). J462 (CA102) ) '

©ODA 813 1D DO-C480

ASMI 68111, 88171, SBIB0. S8395. 88402, 5B466. 584687,
SRO4IABTM B111(216). B122(716), 8181 (716) 8179
(716), 8350 (218), 8306 (116) 8402 (718), 8432 {715} §406
(716). 8467 (718). 8643 (718), 1852 (718) MIL BPEC
MILT16006, MILC.15720. MIL.T.16420. MIL.A. 18621,
MILT.22214 SAE JAB1 (CAT16), JOD (CAT1E)

ASME SB 148, SB271 ASTM B0 (952), 8148 (952) 6271
(962) BSOS FED 0Q.8.675, QQ-C.300 MIL BMEC MiL-C22220
(8) BAE J481 (CADE2), 4462 (CADS2)

ASYM B0 (964). 8360 (004). 8433 (964). D505 (984) FED
QQ-C:300 MIL BPEC MILC- 15345 (24), MIL-C-20180 (1)

AC!ICF-3 AMS 5370, 5371 ABTM A3S1 (CF.3). A743 (CF.3),
A744 (CF.3)

ACICF-3M ABTM AJB 1 (CFIM, CFIMA), A743 (CF.3F), AT44
(CF.3M)

ASME SB16). $B423, 58424, 58425 ASTM 8163, 8422,
8424, 8428

AISIJ04 LAMS 5811 5647 ASME SA182 (304 |), SA212
(304 L), SA240 (304 L). 54240 (304 L), SAI12 (304 L). SA40)
(304 L). SA470 (304 L), SABBB (304 L) ASTM A167 (304 ),
A182(104 1). A213 (304 1), A240 (304 L). A249 (304 L) A289
{304 L). A276 (304 L), A312 (304 L), AD14 (304 L), A403 (104
L), A473 (304 L). A478 (304 L), A470 (304 L). AB11 (J04 L),
ABBA (304 L), ASBO (304 L), ABI2 (304 L). ABBA (104 L) FED
QN-8-783 (304 L). 0Q-S.766 (304 L) MIL SPEC M), S.D82 {304
L), MIL.S-4043, MIL:S.2310% (304 ), MIL-5-23198 (304 L) SAL
J40B (30304 )

ABI D16 LAMS 5507, 5653 ABME SA182 (316 L), 84213
(316L). SA240(318(), 5A24D (316 L). SA312 (318 L). 5A403
{316.1). BA470 (318 L) SABBS (316L) ASTM A107 (316 L),
A82(3181), A213(316L), A240 (310 L), A249 (318 L), A280
(316L). A276 (1181). A312 (3161). AIV4 (310 L). A40D (318
L. A472(316 ). A478 (316 L). A479 (316 L), AB11 (318 L)
AB54 (318 1), ABBO (316 L) AB32 (318 1) ABSB (316 L) FED
Q05763 (316 L). Q05766 (316 () MIL BFEC MIL-5.867 (316
L) BAE JA0S (30316 1)




3. Aspreviously discussed, where possible the container will be assumed to be made mcordin;,
to requirementy in ASME BPVC, Section VI, Division 1. Helium leak testing will be asgsumed in Heu of
hydrostatic testing, und other exceptions may be made to best fit the application. A material or process
will not be eliminated if there is no applicable code.

4. The container components shall be solution anncaled to minimize residual stresses and stress
corrosion cracking (SCC). ‘

5. Surface finish of the outside surface 13 more critical than that of the inside (requirements:
63 rms for outside, 250 rmé for inside).

6. If the material specifications for mock-ups and prolotypes are not avallable from ASME

- BPVC, B&W will use B&W-generated specifications (with approval by LLNL) |

7. Casting grades are acceptable as contrifugal castings.
8. Ultrasonic (UT) testing of contrifugal castings will be possible if cold worked and unncalcd
9. B&W assumes that the following material combinations are acceptable for weld joints:

Base Filler
Metal Mdtal
AlSI 304L : 3081,
AISI31¢L 316L,
Alloy 825 165 (matching composition or 1625)
CDA 122 ERCu
CDAG13 LR CuAl-A2, ER CuAl-Al
CDA 715 ER CuNi

4,2, Literature Review

The literature review concentrated on factors of the fabrication process that would affect the quality or
serviceability of the containers, Of principal concern are:

Corrosion resistance.
Chemical homogeneity.
Uniform microstructure,
Grain size uniformity.
Yield strength,
Decrease in ductility.
Internal quality, soundncess.
Residual stresses,
Workability.
Weldability.

Heal treatment,
Inspectability.

The possible effects duce to fabrication are:

»  Compositional variations
- Joining of picces from different heats
- In weldments, filler versus base metal composition.
e Cold work in forming,
* Grain size variations
- Joining of picces with different thermal-mechanical histories
- Nonuniform working and recrystallization
- In weldments.




» Residual stresses
- Due to forming
- Duc to welding,
¢  Nonuniform microstructure

- Inweldments
- Nonuniform heat treatments,
e Decrease in ductility.

The caunse-and-effect relationships between thoae variab]es were scarched using computer-based
literature retrieval sources, with the American Soclety of Metals International (ASM) Metadex
database as the principal source. The search included the following alloys:

AlSI 3041.(CF3) CDA 122 (CDA 811)
Al1S1 316L (CFIM) CDA 613 (CDA 952)
Alloy 825 CDA 715 (CDA 964)
Austenitic stalnless stecel

Copper

Copper alloys
The results of this scarch are summarized below,
4,21, Corrosion Resistance
The primary concerns for corrosion resulting from fabrication are the localized corrosion mechanisms of
Galvanic corrosion due to chemical composition variations.
Intergranular corrosion,
Stress corrosion cracking that is cither intergranular or transgranular.

Pitting and crevice cortosion,
Hydrogen embrittlement (HE) and hydrogen-assisted cracking (HAQ).

4,2.1.1. Galvanic Corrosion

The compositional differences between components of the container and welds due to differences in
heats, product form, and wrought versus cast are small (Table 4-4).,  Whether these differences are
large enough to lcad to galvanic corrosion is subject to further investigation. A specific seerch of the
literature on this subject failed to produce any information on the galvanic corrosion of compo. .ents made
with different heats of base metal, or the galvanic corrosion of components due to compositional
differences between base and weld metal when using matched filler metals. This is taken as evidence
that such differences do not produce significant galvanic corrosion effects. For instance, copper-nickel
alloys have been used successfully in marine and boat welded construction.

4.2.1.2. Intergranular Corrosion

Intergranular corrosion in these copper and copper-base alloys is apparently insignificant (Hong and
Pitt, 1983), but it could be significant for the austenitic stainless steels and Alloy 825. A nccessary
condition for this mochanism ig that the microstructure be sensitized, Procurement of base metal
material specified to meet aceeptance standards and tests for intergranular corrosion would ensure that
the materlal was initially satisfactory, Because scnsitization during welding is a possibility, the re-
solution of the chromium carbides that are the cause of intergranular corrosion could be accomplished by
solution wanealing after welding, Nagawa (1982) investigated the cffects of re-solutioning AISI 304,
which is more prone to sensitization than AISI 304L, AISI 316L, and Alloy 825, to show that heat
variability was reduced and improved corrosion resistance resulted. The exposure of AISI 304L and
AISI 316L to temperatures of about 540-815°C (1000-1500°F) (Costello et al., 1969) and Alloy 825 to
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Table 4-4, Composition comparisons between cast, wrought, and welding alloys

TP 304L 8y
N ¥rought Nrouqht _Wxo Lant Caat VWrought Woldwetal
- Spec.—) "s"?‘b"‘u : u‘i’?ﬁ“ §K §AIST SA(S] SACTY (TN
| ' Grade~~) T 304L TP J04L P o304L cr-3,3A CPK-3,3A TP 104L Joet
’ [ .03 038 038 .03 03 03 .03
, Mn 2,00 2,00 2,00 1,80 1.%0 .00 0=2,
| - ’ 048 o .04 04 (64 043 0
" s .03 03 .03 04 04 0) .02
LYY 1,00 1% 1.00 2,00 2.00 1.00 J0-.68%
Cr 18.0-20.0 18.0-20.0 18.0-20.0 17.0-24.0 17.0-21.0 14,0-20,0 19.9-24.0
. N1 8.0~12.0 8.0-13,0 8.0-13.0 §.0-12.0 4.,0-12,0 8.0-12.0 9.0-11.0
’ Mo - - -- -1 - - i)
N .10 .- .- - - 10 e
cu - - - - - - o718
TP 316l 88
Grade--) TP 3l6L TP 6L r 6L Cr-3M, JHA CPPr-IM ™ 116 Jl6L
. c .03 035 038 .03 01 03 .01
Mn 2.00 21.00 2,00 1.,%0 150 2.00 1.0-2.5%
: P 0458 04 04 .04 04 045 03
8 .01 03 .03 04 04 03 .03
St 1.00 18 1,00 1.50 1.%0 1.00 . 30-.69
cr 16.0-10,0 16.0-18.0 16.0-18,0 17.0-21.0 17.0~21.0 16,0~18,0 18,0-20.0
N1 10,0-14.0 10.0-15.0 10.0-15.0 9.0~13.0 9.0-43.0 10.0-14.0 11.0-14.0
Mo 2,0~3.0 2.0-3,0 2.,0-3,0 1.0-3.0 2.0-3.0 2.0-3.0 2,0-3.0
N .10 - - - - 10 -
cu - - - e - - .18
N 825
Wrought Wrought Wenught Weldwetal
apec,--) su]gl $8429 apd2d FLIN YR X
Grade-~-> RO8&25 mosa2l NOBB2S LR Ni Pe Cr-l
c 04 105 0% .08
Mn 1.0 1.0 1.0 1.0
S .03 .03 .03 .03
si .50 .80 .50 .50
Cr 19,%-23.5 19.5-2).5 19.5-23.% 19,5-23.%
N 38,0-46.0 38.0-46,0 38.0-46.0 38,0440
. Mo 2,5-2.5 2.%-3.5 2.5-3.% 2.%-3.5
’ Cu 1.,8-3.0 1.5-3.0 1.5-3.0 1.5-3.0
| Al .20 .20 .20 .20
TS 6-1.2 . 6-1.,2 6-1.2 61,2
re 22,0 Min. 21,0 Min. 22.0 mn. 12,0 Min,
Cthers - - - L




coA 122
Wrought Wrought Wrought Waldme
Bpey. == i !5 1) ig’}" Tﬁ"ii! TPA 8,
Grade=-) ciaa00 242200 €12200 SR Cu
Cu+ Aq 98.9 ¥9.9 99.9 98,0
'. . b - - -
Al - - - ot
i - “e -- --
T - - - Y
rb - - - .02
NL+Co - - - - -
Mo - e - .8
(] - " - -
[ ,01%«.40 018-.40 ,018-.40 018
¢ - - - .
T - - - -
an - - -- 1.0
Others - - - .80
- . DA le
rouzh Wrough Weldmatal
spoc  —) EL) g8 54) sTA 87
dradec~) c 11%00 ¢ 71500 £c Cu HA
Ccu « Aq 68,0 Min. Rem, Rew,
Pe A0-~1.0 AU-1.0 A40-.7%
Al - - -
tn .50 %0 L
$1 - - .15
Ph .01 02 02
Wi+Co  29%.0-3).0 29.0-33.0 29.0-32.0
nn 1.0 1.0 1.0
s .02 .02 L0l
3 02 .02 02
c .08 .08 -
T - - 20-.50
sn - - P
others - - .80

““Wrough'
Rl
6113
flem,
1.8
6.0-4,0
]
)

A=8

CDA 613 I 13T
caut vy tno [)
g 27T mide TA 5.7
¢ 98100 Lr cu Al-M
§8.0 Now, Rom,
3.0 Nom. 108
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about 650-760°C (1200-1400°F) (Brochure, 1984) required for sensitization will be prohibiled after
dnnonling. This practice will produce materlal that should not be a prublom with the austenitic steels
(Logan, 1983) and presumably with Alloy 825,

The offect of processing on Alloy 825 1 apparently more complox than on the austendtic stainless steels.
A stabilizing treatment of T hour at about 940°C (17000F) after a solution anncal of about 10900C
(20009F) (Brown, 1969) does not restore reslstance to intergranular corroslon, Apparently, this alloy is
more sensitive to thermal mechanieal processing ay compared to the austenitic stainless steels,

Work on the development of spent-fuel canfsters has shown the beneficlal effocts of a solution
treatment altor welding AISE304, and the incrensed reststance of AISE304L to lntergranular corrosion
even afler welding and a furnace senstization treatment (Philipplo, 1980), The use of a re-solution
heat treatment for the low carbon gracdes, AISE304L and ALSE 3161, may not be necessary to prevent
intergranular corrosion, but would be added protection against encounterlng a “fast procipitation” heat
of materfal, ‘The other benefits of a re-solutlon treatment are diseussed bielow,

For forming operations involving cold work, anncaling would provide recovery and reerystallization ag
well as re-solution of carbides, Using “Practices for Detecting, ‘mq(‘opllblllty to Intergranular Attack in
Austenitie Stanless Steels-—Practice B, (ASTM, 1986), Sulomon (1985) showed that 11% prior work by
drawing Increased the maximum coollng for sensltization in AISI 304 by a factor of about 7 when
compared to anncaled material (Figure 4-2),

This figure also {Hustrates that the minimum cooling rate for anncaling to prevent gensitization in a
0.03 Wt %C AISI 3041 should be 50C/ 4,

The cast alloy and weld metal equivalents to AISE304L and AIST 316L generally conlain some delta
ferrite, and sensitization fa reduced ay (umparud to thelr wholly austenttic stainless counterparts, 1f
the ferrite number exceeds 133 x WH %C, the sensitization of base metal and heat-affected zone (HAZ)
Is prevented (Matsumoto, 1989),

4.2.1.3, Stress Corrosion Cracking (5CC)

The following three essential eriterla must be met for either Intergranular SCC or transgranular 5CC to
oceur:

»  Susceptible mlt‘ro&.txuctuw/nlluy
*  Hostile environment,
e Tensite stress.

The approach to be used in the fabrication of the containers is to produce the lowest practicable tensile
strosses and, thus, avold failure by these mechanisms,  Tntergranular SCC and tl‘dl\‘\},t'dlnlh\l' SCC are
not possible in elther austenitic (Hannineh, 1979) or copper-base alloys (ASM, 1979), without a
sufficiently high tensile stress,

The resldual stresses due to elther cold working or welding can be reduced to very low levels by stress
relicf or annealing treatments, Unfortunately, effective stress reliof treatmoents for austenitic stainlegs
steels are also In the range of lemperatares in which sensitization occurs, Howcever, solution anneal s
effective in reducing resldual stresses to an acceptable lovel while avolding sensitization, provided
that cooling rates from annealing are fast enough and uniform, Short timoes, less than 1 hour, at 900°C
are effective in removing the SCC susceptibility of cold worked AIST304L and AIST316L (Cigada ot al,,
1982), Both of these alloys display throshold amounts of cold work (about 10%) below which SCC doces
not oceur, This would permit the use of minor stralghtening operations provided that the residual
stresses introduced by such operations are also low,
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Pigure 4-2, Comparison of the ag-drawn and annealed maximum critical coollng rates for
gensitization in AISI 304 (Reprinted from Solomon, 1985)

The stross rolaxation that occurs In austenitic stainless steel welds follows a Larsen-Miller
relati onship (Fidler, 1982) and can be predicted with the following expression:

g = 1062016120 +1log b x 109D 3 20 MNm2

where 4 gtress, MNm?;
T termperature, K;
t time In hours;
1 20 MNm predicted accuracy of the stress,

Using 1 hour at 1038°C (1900°F) as an example, the caleulated restdual stress would be equal to
11.1 MNmm-2 (1.6 kel), provided that there {5 no increase in residual stross due to the anncaling
practice,

The anncaling temperatures commonly used for the candicle te alloys are glven below,

Alloy Annealing Temperature, °C OF) Reference

AIS1 3041, 1040 (1900) min, 148.1
CF3 1040 (1900) min, 148.6
AISI 316L. 1040 (1900) min, 1481
CF3M 1040 (1900) min. 148.6
Alloy 825 930-980 (1700-1800) 145
CDA 122 370-650 (700-1200) 67
CDA SN 170- 650 (700-1200)) .




Alloy Anncallng Temperatire, 2C (OF) Reference
CDA 613 610-870 (1125-1600) 67
CDA 952 610-870 (1125-1600)@) .
CDA715 650-820 (1200--1500) 67
CDA 964 650-820 (1200-1500)@) .

@ Annoaling ts not normalty spocifiod for castings but i assumed to bo the samo as its wrought alloy
countorpart,

A principal effect In fabrication with the austenitic stainless steels {s the (ormation of delta ferrite,
Delta ferrite ls beneflelal in castings and weld metals,  Large amounts of delta ferrite may produce
difficultles In hot working, so 1l s usually held to very tow levels In wrought products, Heeston ot al,
(1984) compared the mechanleal and corrosfon-reslatance properties of centrifugally cast CF3 and
wrought AISI304L cantsters, They conclucled that the propertics of the east canlsters that contalned up
to 4.5% ferrite were equivalont to the AISEI04 wrought canlsters, In particular, the cast materlal wag
found to be slightly less susceptible to SCC as compared to the wrought materfal, Flowers et al, (1963)
have shown that the susceptibility to chloride SCC decreased with Increasing forrlte content and that
these alloys are more reslstant than single-phase alloys,

On the other hand, Bacslack (1979) has shown that increasing the ferrite content up to 10-12% In
fertite-containing stalnless-steel welds Incronses SCC suseeptibllity,  The SCC susceptibility then
deereased with further inercases [nferrdte. The difterences in corrosion resistance between the cast and
weld-motal cases are attributed to the globular and continuous ferelte morphologles in the cast and
weld-metal microstructures, respeetively.

No sensitization to intergranular corrosion oceurred In stainless steels contalning up to 0.054 Wt %C
when interpass temperatures did not exeeed 3009C (5720F) (Ginn et al, 1983), A common usage of 2600C
(RO0°F) maximum Inlerpass temperature would appear to be satlsfactory,

42,14, Pilting and Crevice Corrosion

There are ne data to Indicate that fabrication affects the pitting and erevice corrosion reststance of
copper and [ty alloys (CDA, 1987). Qualitative observations and practical experience indlicate that the
pliting resistance of cold-drawn copper may be groater than that of anncaled tubing, Otherwise, the
effeet of fabricalion on these propertics appears to be nil,

In comparison, the pitting and crevice corrosion resistance of austenitie stainless steels {8 of groater
concern with respect to the effects of fabrleation, These are as follows:

o Crevice corrosion resistance decreases with a deercase in the average grain diametor
(eritical potential for erevice corrosion, Lee od~1/2) (Dayal et al,, 1984),

o Creviee corrosion Increases with sensitization (Dayal ot al,, 1984),

o Post-weld annealing recluces pitting in welds (Suutala and Kurkoela, 1984)

o DPltting fs caused by sulfur segrogation during the solidification of autogenous AlSI 316
welds (Grekula et al,, 1984),

¢ DPits nucleate preferentially at the austenite/ferrlte Interface or inside the cores of
austenite in AISE3041. welds (Manning et al,, 1980),

o laser glazing reduces pitting corrosion resistance (Lamb et al,, 1984) and does not offer a
method of improvement.




42,15, Hydrogon Emhrlttlomunf(HE) and Hydrogen-Asststed Cracking (HAC)

Hydrogen embritllement in coppor-base alloys-only oceurs If oxygen {9 present in amounts groater than
10 ppm for pure oxygen-froe copper (OFC) (CDA, 1987), 1f the fabrication procoess includes expostire to an
oxidlzing atmosphere followed by exposure to hydrogen, then water forms, resulting In volds and
cracks, Embrittlomont in the other copper alloys ls apparoently insignificant,

For the austenitle stalnless steels, deformation-Induced martensite 18 cssential for HAC of low yicld
strangth stoels (Briant, 1981; Ellezor, 1981; Weat, 1981), although there fs controversy concerning the
role played by the martensite (Lewandowski and Thompson, 1981). Other contributing factory to
cracking Include chromium depletion of grain boundaries due to sensitization (Briant, 1981; Ellezer,
1981).

The amount of martensite formed in the cold working of motastable austenitic steels is a functlon of
composition and can be predicted using emplrical rolationships such ag those in the table (Table 4-5)
summarized by Novak (1979), However, this {9 not a varlable in contalner fabrication If annealing is
performed, since the martensite that formed durlng cold working would be transformed back to
austenlte,

Table 4-5, Expressions relating austenite stability and alloy chemistry (reprinted from Novak, 1979)

Neference Quantity computed Refationship (elements in weight %)
P ) " 8 g W - 200
Past and Ebarly Stability luctor & Ni- {Gr 4 15"3"~). — 0.8Mn - 35C + l&]
Qrifliths and Weight*? Stability fctor A ,
modifled to Ni- [ (Cr + 1-8Mo - e 0.5Mn -~ 38C~Cu~27TN+ 15]
include capper 12
and nifrogen
Elcheliman and Hull$ M, (*F) T5(14.6-Cri+ L1019 = NI+ 60(1.33 - Mn)+ 50(0.47 - §{) + 3000
10.008 -(C+ N)|
Monkman et al.\» M, ('F) 2160~ 66{Cr) - 102(N1 -~ 262((C + N}
Ange ™ Meu (°C) 410~ 402(C + NI-0.281-H 1M - 10 7Cr-0.5Ni - 18.5Mo
Floreen and Mihaliaintor Stability fuctor § Ni4 0.68Cr + 0.58Mn + 04381 + 27(CN)

T [rvine ot wl % wnd
Edchelman and Hull#
Floreen and Mayne'® Stability factor § Wl + 0.88Cr + 0.535Mn + 0.48851 + 2T+ N1+ Mu+0.2C0
frum lrvine ot ul. %
Eichelman snd Hull 4
and Coutsouradist®

Note: Referonces clt ad In the tablo aro {n Novak (1979)

422, Porming and Fabrication Limitations
4.2.2.1, Casting

Alloy 825 and CDA 122 are not currently available as cast products, The other four candidate wrought

alloys arc available as castings with chemical compositions nearly cquivalent to thelr wrought
product forms.

B&W and industry’s experience with defects in sand castings would preclude their use in these
containers, Centrifugal castings are known to have much fewer defects than sand castings and improved
mechanical and corrosion-resistant propertics,  This was demonstrated with the making of
prototypical CFJ waste containers and comparing their properties to those for wrought AISI 304L
(Beeston et al., 1984; Howell, 1982). One {ssuc that was not addressed in these studies was the UT
inspection of centrifugally cast material, The tople 1s covered in Section 4.2.2.7,
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4222, Cold Working

All of the six candidate wrought alloys are workable to varying degrees, None of the alloys present a
problem in bending and forming into cylinders, Of the four cold forming operations under consideration
(bending, spinning, roll extrusion, and deep drawing), deep drawing is the most severe and would reveal
the more subtle differences in workability than would the less demanding processes, A commercial

producer of deep-drawn tubular components reports the following ratings for the wrought alloys
(Holbrook, 1987), ‘

Deep Drawability

. Alloy
AISI 304L Good
. AlSI 316L Difficult
Alloy 825 ‘ Good
CDA 122 Good
CDA 613 Poor
CDA 715 Good
4.2.23. Hot Workability
The effect of alloy composition on hot workability is more apparent than in cold working, The large
g differences in flow stress as a function of temperature for the {ron versus copper-base alloys resuits in
& two principal regimes of extrusion temperaturcs:
Alloy Extruston Temperature Range.%C (°F)
AISI 304L : 1100-1260 (2000-2300)
AlSI 316L 1100-1260 (2000-2300)
Alloy 825 1100-1260 (2000-2300)
CDA 122 760-870 (1400-1600)
CDA 613 790-930 (1450--1700)
CDA715 930-1040 (1700-1900)

4.2.2.4. Heat Treatments

Recommended heat treatment ranges for the candidate wrought alloys and their casting counterparts
arc listed below,

i v ' Poat-Weld Heat Treatment
8 Alloy Temperatures, °C (°F) Anncaling Temperatures, °C (°F)
. AISI 304L Not recommended 1010-1120 (1850-2050)
: AISI 316L. Not recommended 1010-1120 (1850-2050)
-' Alloy 825 Not recommended 930-980 (1700~1800)
CDA 122 - None required 370-650 (700-1200)
CDA613 600 (1100) 610-870 (1125-1600)
CDA715 540 (1000) 650-820 (1200~1500)

Heating these alloys in gas-fired or clectrical furnaces will produce scaling that is probably not
acceptable for nuclear-waste containers. The use of protective atmospheres or vacuums is preferred, To
avold pitting when using protective atmospheres with copper, it is necessary to either prevent or
remove the deposition of carbonaceous films on the surface (Mattson, 1980).
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4.2.2.5. Grain Size Control

" Since all of these alloys are protie to grain growth upon heating, controls that involve cold working

and/or heat treatment must be used in fabrication. Large variable grain sizes could produce differences
in strength, corrosion resistance, and UT testing sensitivity. Limiting the heat trcatments to the lower
ends of the temperature ranges should be part of the standard practice for fabrication. Also, avoiding

* strains and deformations in the range of about 10-30% will preclude the possibility of abnormal grain
‘growth. ‘

For the cast austenitic alloys that contain ferrite, CF3 and CF3M, cold working and recrystallization
offer a means of producing fine-grained material (Murakami et al., 1979). ' '

Some of the grain size differences between base and weld metal are due to substructures produced in the
weld that are 1t present in the base metal (Foulds and Moteff, 1982). The only apparent method to

reduce these differences is by cold work and recrystallization.

4.2.2.6. Surface Condition

- A smooth surface, frec of residual stresses, is desirable to avoid pitting and crevice corrosion and to
" provide a satisfactory surface for UT inspection. The methods used to produce the surface must be

scrutinized carefully. For example, the SCC of boiling-water reactor piping was found to be greatly
exacerbated by residual stresses left after grinding welds (Chrenko, 1978). Abusive grinding must be
avoided after the final annealing treatment. ‘ :

4227, Inspectability

Inspectability is affected not only by the gcometrical constraints of container design but also oy the
following factors:

e Large grain size of base metal, HAZs, and weld metals.

e Anisotropy in weld metals and centrifugal castings. Both of these could be eliminated by
cold work and recrystallization. ‘

s Another concern with centrifugal castings is the possibility of porosity affecting
radiographic and UT inspectability. This latter cffect can apparently be controlled
by argon-oxygen decarbonization for the iron-base alloys.

4.2.3. Literature Review Summary

* The following issues need to be addressed in the fabrication of YMP containers:

» If welding is used in fabrication, the consequences of the following must be considered:
- Small compositional differences between the filler and base metal may promote
galvanic corrosion.

- There are practical limits of thermal gradients and cooling rates that can be used in
the annealing of the container components (upper head and lower unit) without re-
introducing residual stresses in the heat-treated pieces.

- There is-a possibility of avoiding pitting of welds containing dclta ferrite by anncaling
the container. Can the continuous delta ferrite in these welds be eliminated to produce
microstructures similar to those in castings?

e The best method must be found to achicve stress-free, smooth surfaces on the containers.
* There is a possibility of using centrifugal castings without subsequent cold work and

recrystallization. Is their UT inspectability acceptable?
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» The effects of thermal-mechanical processing of Alloy 825 with respect to carbide
precipitation and other second-phase reactions must be examined.

. i‘."" ! ‘ L lnx' L E:ﬂi Elhcz I i : E

‘The following four principal vendor_ surveys were conductéd by mail and in limited cases by telephone

and meetings:

Capabilities and interest.

Spin forming.

Heat treating capabilities.

B&W Nuclear Equipment Division and Trading Co. purchasing inquiries.

The results of these surveys are summarized below, together with questions received from vendors.

'4.3.1. Capabilities and Interest Survey

Companies surveyed | : 57

" Responses (total) ‘ 32
Negative responses ' ‘ 9
Expressions of positive interest ‘

and descriptions of capabilities 23

The results of this survey indicate a sufficient interest by roll-and-weld fabricators and centrifugal
casling companics who wish to participate in the YMP container fabrication project.

A significant limitation appears to be the lack of availability of wrought seamless pipe of sufficient

- diameter for the container. Special processing such as back extrusion, roll extrusion, and deep drawing

appear to be the most attractive options.
4.3.2. Spiﬁ Forming Survey

Spinning and deep drawing are two possible methods for fabricating a seamless lower unit (integral
cylindrical body and lower head—no welds). The Precision Metal Forming Association (Mr, Karl M.
Roth) was contacted and companies in its Metal Spmmng Division were surveyed. The survey results
were as follows: ‘

Companies surveyed 19
- Responses (total) 11

Negative responses 11

The waste-container components exceed the forming capacity of the vendor equipment. From this
survey, two other possnblc vendors and one used-machinery dealer were identified. Additional
possible vendors for spin forming and deep drawmg were taken from the Thomas Register of American
Manufacturers.

The same basic letter (with minor revisions) was then sent to 15 more vendors. The results are presented
below.

Companies surveyed 1
Returned, no forwarding address
Responses (total)

Negative responses

BN, T




‘Positive responses

- Interest in total package
- Interest in heads only

- Sell machinery

— il (3D

Vendors interested in fabricating all or part of the container were sent the bid package soliciting quotes.
Mr. William J. Molloy of Mohawk Machinery, Inc. has for sale a 75 in, x 100 in. Cincinnati Vertical
Hydrospinning Machine used by General Electric to fabricate Minuteman Missiles (60<in. OD x 130-in.
long).

The vendor quotes are discussed in Section 4.3.6.

4.3.3. Heat Treating Capabilities Survey -

The objective of this survey was to determine if there are any firms interested in, and capable of,
annealing the fabricated containers, using either protective bright anncaling or vacuum anncaling, The
results of this survey are summarized in Table 4-6,

Table 4-6. Survey results of heat treating capabilities

Companies surveyed 46
Responses (total) 25
Positive responses 20
Negative responses 5

Annealing Capabilities

Upper Head Lower Unit
Bright Vacuum Bright Vacuum
Number of Companies 10 13 4 2

Virtually all of the respondents could work with all of the alloys. The ‘limiting case was the vacuum
annealing of the lower unit; the length of the lower unit limits the number of available vacuum
chambers.

4.3.4. B&W Nuclear Equipment Division and Trading Company Purchasing Inquiries

Independent of the surveys described above, purchasing agents from B&W Nuclear Equipment Division
and Coutino, Caro & Co. (a trading company within the McDermott Co.), who were familiar with this
type of product, solicited budgetary quotations for container components. Additional sources uncovered
by these agents included the following;:

Tube Sales—welded pipe agents including RaftPipe.
Spincraft—spun heads. ‘

Ladish Co.—forged heads.

Earle M. Jorgensen Co.—forged heads.

Wyman Gordon Co.—forged heads.

The results of these inquiries are included in Section 4.3.6.
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4.3.5. Key Vendors

During the course of the study it became apparent that obtaining technical information and quotations
from vendors could be better accomplished by identifying certain key vendors for various processes and
working more closcly with them. The sclection of these vendors was based on a number of factors
including previous contacts, process capabilities, and responsiveness to our inquiries. These vendors are
listed below. :

Process Key Vendor
Roll and weld B&W Nuclear Equipment Division
Extrusion ‘ Cameron Forge Co.
Roll extrusion Kaiser Rollmet
Forgings - ~ Ladish Co.
Deep drawing NI Industries
Centrifugal casting Wisconsin Centrifugal, Inc.
Welded pipe ‘ : Youngstown Welding

This cholce of key vendors was made only for the purposes of this report and is not intended to prejudice
any subsequent procurements, which are generally subject to free competitive bidding,

4.3.6. Vendor Quotations

To obtain data for use in estimating the cost of various processing options, budgetary quotations were
requested from selected vendors. The response varied from highly interested to nonresponsive. This is
not surpribing in that the potential market for the vendors was too far ahead to motivate much effort,
if any, in their responses. In order to obtain a more definite response to meet the near-term needs of
Phases 2 (subscale mock-ups) and 3 (prototypes), an mquiry was submitted to 11 potential and interested
vendors that could provide complete containers. The inquiry contained Specification ARC-TP-760,
Drawing No. 116752-D-0 (Figure 4-1), and other associated spoc:lfxcationb The following points were
brought out as a result of these inquiries:

*  More specifics and clarifications are required in the bid package to make accurate
comparisons between vendors,
The final heat-treatment requirements need further specification.
There is a reluctance on the part of the vendors to provide special cleaning of the fabricated
containers,
Only a few vendors may be interested, or capable of, supplying complcte containers because
of certifications that may be required; vendors are more intcrested in providing components
for assembly.

The vendors listed in Table 4-7 supplied quotations for mock-ups, prototypes, or produchon umts of
various components of the containers,

4.3.7. Rationalization of Vendor Quotes

Vendor guotes were sought to identify companies capable of supplying waste-container components and
to compare and rank alternate fabrication methods for cost. A reference container was designed (Figure
4-3) and used for quotes. Prior to the design of the reference container, an alternate configuration sketch
(Figure 4-4) was used to obtain quotes for an integral pintle and upper head forging. Two vendors quoted
modified versions of the alternate configuration sketch as shown in Figures 4-5 and 4-6.




Yendor

Alcoa Forging
Division

B&W Nuclear

Equipment Div.

Cameron Forge
- Co.

E. A. Jorgensen
Co.

Kaiser Rollmet

Ladish Co.

N [ Industries

Sandusky
Foundry
Machine

Shenango Co.

Spincraft
Trent Tube

Tube Sales

Table 4-7; List of vendors providing quotations

Alloys

AISI  AlSI
304L 316L
CR _ CFM

Alloy

825,

CDA 102 CDA613 CDA?715

Component

Pintle and head X X
forgings

Rolled and welded
container mock-up,
prototype, and

production units -

Forged open-end
closed-end proto-
type and production
cylinders

Forgea mock-up
heads

Roll extruded open-
and closed-end pro-
duction cylinders

Forged mock-up
heads

Deep drawn scam-
less and welded
head container
mock-up and pro-
totype units

Centrifugally cast
mock-up open-end
cylinders

Centrifugally cast
mock-up open-end
cylinders

Spun mock-up heads

Welded pipe

Welded pipe

X

CDRA122 CDA952 CDA 964
X




endor

Wisconsin
Centrifugal, .
Inc. ‘ ‘

Wyman Gordon .

Zak, Inc.

Table 4-7. List of vendors providing quotations (cont'd)

‘ Alloys

AlIST  AISI

304L.  316L.  Alloy CDA102 CDA613 CDA715
Compone CH _ CRM 85 CDA122 CDA952 CDA 964
Centrifugally cast X X X X
welded head, con-
tainer mock-up,
prototype, and
production units
Pintle and head X X X X
forgings
Rolled and welded ' X

container mock-up,
prototype, and
production units
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A bid package was sent out for the reference contalnor doslgn, Four vondors quotod for the whole
contalner (pintle and upper hoad, and bocly und lower heac). One vendor (Cameron [ron) quoted the
whole contalner to a previous dostgn In separate quotes. Not all materlal and process combinationy
woro quoted. The flve vendors quoting the whole contalner, the fabrication processes, and alloys are
glven bolow,

Habeoak & Wilcox Nuclear Eguipment Rivislon

- Machined heads, rolled and wolded body, and welded plntle and lower head,
- AlSI 3041, AISI 3161, Alloy 825,

Cameron Forge

- Torged upper head and plntle, and extraded elosed-end body.

- Extruded hollows and preforms,

~ AISL 3041, AISE316L, Alloy 825, and CDA 715 (Camaeron was not asked to quote AISLEI04L,
but can supply it),

N{Indlustries
« Doop draw a8 two equal length halves, cut head from one and weld remalning cylinder to
other half, Weld pintle to head.
- Doep-draw body full-length, deop-draw shallow head, and weld pintle,
< AISI 3041, AI81 3161, Alloy 825, CDA 122, CDA 613, and CDA 715,

Wiscongin Centrifugal
- Contrlfugally cast heads and body, pintle welded to upper head and body welded to lower
head,
- CF3, CFM, CDA 952, and CDA 964,

- Machined heads, rolled and welded body, pintle welded to upper head, and lower head
welded to bocly
- CDA122

Varlous upper head geometries were quoted—Figure 4-3 for centrifugal casting and machining with
welded pintle, and Flgures 4-4 through 4-6 for forged heads with integral pintle. The lower heads
were only quoted machined from plate or contrifugally cast,

For welding of the lower unit (body welded to lower head) three quotes were received covering varlous
materlals and processes. These cost estimates varled by an order of magnitude,

Preform bodies for roll extrusion were quoted to a different OD for centrifugal casting and were not
quoted for roll and weld,

To estimate projected container costs, assumptions were made to (i1 in the cost gaps (or the lower head,
welding the body to the lower head, and body preforms,  Because of the uncertainties in design and
apectfications and disputability of the assumed costs, LLNL requested that the cost catimates not be
included in this report. To provide a feel for the costs of various materials and processes, relative costs
have been normalized to a welded lower unit (roll-and=weld body welded to a forged head) of
AIS1304L. This component fs assigned a relative cost of one.
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In the following sectiong, the component geomedries and vondor rosponses are discussod as follows:

o Platle and Upper Head
- Plntlo woelded to head
- Integral pintle and head
o Body and Lower Head
Integral
« Body weldod to head
- Body welded to head and cold workod

4.3.7.1, Pintle and Upper Head

The pintle and upper hoad may be fabricated as a machined pintle welded to a head, or an intogral
pintle and head (no weld), The geometrle configuration and vendor responses for each fabrication
method are summartzed In the following soctions,

Pintle Welded to Head-Quotes were requested for the geometry shown in Flgure 4-3. Quotes were
recetved for heads machined from wrought materlal (Babeock & Wilcox) and for centrifugally cast
hoads (Wisconsin Centrifugal),

For the welded pintle construction, the trade-off between a formed head (forged, spun, or deep drawn)
and a machined head will depend on the helght of the head. A shallower head favors machining, and
a higher or deeper head favors forming, For forging, an integral pintle is preferred, eliminating the
pintle weld for an incremental increade in tooling and machining costa.

[ntegral Pintle and Head—Forging vendors were requested to quote on an integral pintle and head in
quantities of 8 and 12 units for the alternate configuration sketeh shown in Figure 4-4, Five vendors
(Alcoa Forging Divislon, Cameron Forge, Jorgensen, Ladish, and Wyman Gordon) provided quotes, The
vendors conglder these quotes as budgetary, approximate, and "ball park," subject to revision based on
fintshed print and specifications,  Ladish quoted for the sketehes given in Figure 4-5, while the Alcoa
Forging Divigion made the drawings shown In Figure 4-6, and quoted for them, The alternate
configuration sketch (Figure 4-4), and the quotes, preceded the reference container design (Figure 4-3).

The designs for the austenitic materials (3041 88, 316L 88, and Alloy 825) are based on nearly identical
conflgurations—same pintle dimenslons, helght, and shell-wall thickness, Jorgensen did not quote a
separale tooling charge; presumably, the toollng charge {s Included in the unit price.

To estimate costs for production quantities, consider the four vendors who did show tooling charges and

1. Negleet the tooling charge (spread over 1500 units the charge {9 loss than $50 per unit),
2, Average the quotes for 8 units (8 1s the only quantity quoted by all vendors), and
3. Take 70% of the average and round to the nearest hundred,

The 70% factor 18 basod on the Ladish quote for 8 and 100 unity for the 3 austenitic matertals, CDA 122
and CDA 613 were not quoted, CDA 715 was quoted for several configurations, The four vendors, the
sketehes they quoted from, and the sallent differences are given next.
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CDA 715—Upper Head and Handling Plntlg

Yendor Agur Commentg
Alcoa Forging 4-6 1.25-in, wall x 10-in, high with 4«In. diam pintle,
Division
Camoron Iron 4-4 Assumed 2-in. wall % 10-n, high with
d4-ln, cllam pintle.
Ladish 4-5 4-ln, wall X 24-In, high with 8-in, dlam pintle,
Wyman Gordon 4-4 Assumed 2-in. wall x 10-in, high with

4-in. cllam pintle,

The original Inquiry gave a wall range of 2-4 n, for the copper alloys to allow for additional
machining when detalled drawings became available, Only CDA 122 would require a wall that
heavy. The Alcoa Forging configuration (Figure 4-6) Is representative of the current conflguration. The
Alcoa response for 8 to 11 units is used ag the average value, The 70% factor 1s applied to estimate cost
for production quantitics,

As noted previously, the purpose of the vendor quotes was to identify vendors and rank fabrication
processes for cost. Subsequent to the request based on the alternate conflguration sketeh in Figure 4-4,
the reference contatner design shown In Figure 4-3 was prepared. The thicker top plate (2-In. thick at
the center) may increase the cost, while the shallower overall helght (6 in. versus 10 in) ghould reduce
the cost. The design is subjéct to further change. The representative values are thought to be
reasonable,

Wisconsin Centrifugal suggested a centrifugally cast head with an integral pintle, but did not quote a
price for it. No quotes were obtained for a machined integral pintle and head. The forging quotes may
contain varlous amounts of machining based on the nature of the forged shape.

The estimates for production costs derlved from the vendor quotes have been normalized relative to the
cost of a AISI 304 rolled-and-welded body, welded to a forged head. Table 4-8 presents these
normalized estimates,

Table 4-8. Relative cost of upper heads

Materials

AlSl AlSI

4L 316L Alloy CDA 613 CDA715

cR _CEM 825  CDA122 CDA932  CDA 964

Pintle Welded to Head

Centrifugally Cast 03 03 0.1 0.4
Machined 09 09 1.3 0.3
Forged 03 04 0.6 0.7
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The pintle-welded-to-head construction 1y estimated to have costy greater than or equal to the forged
integral pintle and head. At oqual cost, the Integral construction (no pintle weld) would scem
advantageous. For forgings, the higher nickel Alloy 825 and CDA 715 are about double the cost of
AISI 304L, ' '

4372, Body and Lower Head
The bocly s a cylinder 26-in, OD x 0.375-in, wall x 180-in, long for all alloys except CDA 122, which
hag a wall thickness of 1.00 in, The reference contatner design has a flat bottom lower head of

thickness two times the body thickness (Figure 4-3, B),

The body and lower head may be made integrally (one plece) by extruding a closed-end hollow or by
deep drawing,

The body and lower head may be fabricated separately and joined by welding, A further variation
involves cold working the body after welding, (Sce the following discussion, "Body Welded to Head
and Cold Worked.") ‘

The vendor response for each of the fabrication methods (integral, body welded to head, body welded
to head and cold worked) 1s discussed in the following sections,

Integral Body and Lower Head

The following three integral processes are quoted:

* lxtruded closed-end eylinder,
* bxtruded closed-end and cold-worked cylinder,
*  Deep drawn closed-ond cylinder.

For the extruded closed-ond cylinder, the container wall thickness 1s 0,600 in. The minimum wall
thickness after extrusion is approximately 0.800 in, The unit is bored and turned to 0.600-in.-wall
thickness.  Machining to lighter wall thickness Increases the cost. The most economic size for this
process would be the 0.800-in-wall thickness with minimum machining based on container
requirements. “The minimum amount of machining Is unknown, In process ranking for cost, the response
for 1500 units, neglecting tooling charges, is used. For 1500 units, the tooling cost is less than $50 per
unit. A quote was not requested for AISI 304L. The quote for AIST 316L will be used for AISI 304L for
process evaluation,

The extruded and cold work process involves Cameron Iron for extruston of a heavy wall preform and
Kaiser Rollmet for roll extruston, This should minimize machining off extrusion and pormit finishing to
the alm wall thickness of 0.375 in. The estimated total cost is the same or less than the cost of extrusion
alone, The reduction in machining (depth of cut and length of cut) helps to offset the cost of roll
extrusion, The final length caleulation agsumes that 55 in, of the preform is cold worked, Again, for
process evaluation the tooling cost is neglected ($100 per unit for 1500 units) and the 1500-unit estimates
arc used, The AISE316L cgtimate 1s used for AISI 304L.,

The deep draw quote from NI Inclustries is for 5 units and assumes starting material for 3 containers to
make 1. Production costs "would depend on the equipment available at that time." The extra material
cost {s about $28IC for CDA 122, For other alloys, the extra start material s about $8K. The tooling
charge spread over 1500 units is less than $700 per unit, In the estimate for production, the excess
material {s subtracted from the estimate, and 70% of the balance s taken as the estimate for process
evaluation, The uncertainty of the 70% factor is greater here than for the heads. The ratio of costs for
1500 units, versus 2 units for the other integral processes, ranges from 47-70%,




Relative costs for the integral lower unit are given in Table 4-9. For AISI 304L or AISI 316L, the
integral body and head is more than 3 times as costly as the roll-and-weld body welded to forged head
in AISI 304L. For Alloy 825 and CDA 122, the extruded closed-und is about 6 times as expensive as the
AISI 304L reference, and the extrusion/roll extrusion is about 5 times as costly. Because of the

manipulation of the deep drawn estimates, the relative costs are less certain.
Bod olded to Head
Costs are for the body, the lower head, and the welding.

Body: The production estimate for the roll-and-weld body used the lowest quote rounded up to the next . ®
hundred dollars (except CDA 122 was rounded to the nearest hundred). The tooling cost for Zak,
$2.48M, is the cost to set up a production line for machining and welding the body, heads, and pintle.

The extrusion quote was for 26-in. OD x 0.400-in. wall x 183-in. long (a little heavier wall and longer
length). As noted in the discussion of the closed-end extrusion, a heavier wall thickness might be more
economical. The 1500-unit quote, neglceting tooling charges, is used for the relative cost. The AISI 316L
estimate is used for AISI 304L.

Table 4-9. Relative costs for integral body and head

(Cost relative to AISI 304L roll-and-weld body weldled to forged head)

Materials
AISI AISI ‘
I . ' 304l 316L  Alloy CDA 715
Y CR - CBM 825 CDA122 CDA952  CDA 964
‘ : Vendor '
Extruded Closed-End
Cameron Iron(@ ‘ ' 3.2 6.1 5.8
. (26.4-in. OD x 0.600-in. wall x 189-in. long)
. [j ‘ Extruded Closed-End and Cold Worked
R Cameron Iron Extruded: 27.6-in. OD x 1.200-in. wall x 63-in. long
A Kaiser Rollmet ' ‘ Roll Extruded: 26.0-in. OD x 0.375-in. wall x 189-in. long
ot Extrusion(®) - 1.8 3.6 34
: Roll Extrusion(®) ‘ 1.4 1.3 0.9
Total@ (may differ 3.2 4.9 4.4

from sum due to rounding)
Deep Drawn Closed-End

NI Industries ‘ 35 35 35 49 35 3.7

(Original quote for 5 units and assumes starting material for 3
Az containers to make 1. Extra material cost removed. A factor of 70%
(| ‘ used to estimate production costs.)

(@)For evaluation assumed same as AISI 316L.
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The éentrifugal casting quotes are for the reference design body. The minimum quotes for 1500 units,
neglecting tooling charges, are used for the production estimate.

Decep drawing can be used to fabricate a container with a single girth weld. The container is deep
drawn as two half-length, onc-end-closed cylinders, If the closure weld could be made at mid-length,
the pintle would be welded to the upper shell. For a closure weld at one end, the closed end is cut from
one picce for the upper head. The remaining cylinder is welded to the open end of the other piece.

" The NI Industries' quote was for 5 containers, For material they assumed 3 start blanks for 1 finigsh .
draw. The tooling cost is 25% less than for deep drawing the lower unit to full length. To estimate
production costs, the extra material cost is deducted and a factor of 70% is used. This covers the cost of
the lower unit except for welding, and the upper head except for welding the pintle. '

Quotes for machined heads and centrifugally cast heads for 1500 units are used for the production
estimate. No quotes were received for a forged lower head. The quotes for spun heads are for a
thickness lower than desired. The heavier reference design thickness makes the piece more difficult to
spin. o : ‘ -

A forged lower head should be less expensive than the forged upper hcad—slightly less weight and
simpler to machine. For the lower head, reducing the production estimate for the upper head by $500
seems reasonable.

Welding and finishing the lower head and body includes machining the weld prep, fit-up, welding, x-
ray and dyc check, annealing, and machining to length. Separate quotes were sought for this work
scope. No responses were received.

In responding to the bid package, B&W, Wisconsin Centrifugal, and Zak separated the cost of welding
the body and lower head. The B&W quote allowed $2K for heat treatment and x-ray. The assumed
processing was not automated. The Wisconsin Centrifugal quote did not include post-weld heat
trecatment. The Zak quote is between the other quotes. Furthermore, the CDA 122 is thicker (1.00 in.)
and harder to weld. The relative production costs for welding and finishing the other materials are
reduced slightly from the Zak quote (0.31 versus 0.32).

Estimated relative production costs are given in Table 4-10 for the components: body, lower head, and
welding and finishing. By summing the appropriate part and fabrication process combinations, the
estimated costs are obtained. These estimates are used in the process evaluation.

Body Welded to Head and Cold Worked

Cold work is performed to deform the weld and obtain a more uniform microstructure in order to improve
the container performance for nonuniform corrosion. The part is anncaled after the cold working
~operation.  Both long scam and girth welds are to be cold worked via the Kaiser Rollmet external roll
extrusion process. Feasibility of roll extruding the girth weld has not been demonstrated.

From a cost perspective, the body preform is hoped to be less expensive than the finished body welded
to head to offsct the roll extrusion costs. The shorter, heavier wall body preform should be easier to
machine (shorter length) and have a higher yield (smaller chip weight as percentage of the total).
The relative costs are summarized in Table 4-11. |

Quotes for open-ended body prcforms were not solicited for roll and weld and extrusion. A closed-end-
extrusion preform was quoted. Sizes varied for the centrifugally cast quotes. An estimate was made
using the quote for 24-in. OD x 1.200-in. average wall bodies, ratioing the cost on a volume basis.




Table 4-10. Estimatéd production costs—body welded to head
(Relative to foll and weld AISI 304 lower unit with forged head)

Body

- Roll and Weld
Extruded

- Deep Drawn
Centrifugally Cast

Lower Head
Forged

Machined
Centrifugally Cast

Welding and Finishing

Body Welded to Head

Body Head
" Roll and Forged
Weld ‘ Machined

Extruded Forged
Machined

Deep Drawn Deep Drawn
Cent. Cast  Forged

Cent. Cast
Machined

: Materials
AISL AISI
304L 316L.  Alloy CDA715
CF3 _CF3M 825 CDA 122 CDA952 CDA 9¢4
043 049 1.11 2.26 — 113
042 242 2456 — — 4.39
278 278 2.89 4.12 2.89 3.09
0.58 0.61 — — 0.41 1.24
026 0.30 057. — — 0.65
049 0.44 0.88 0.21 - — —
0.11 0.1 — — 0.06 0.16
031 031 031 0.32 0.31 0.31
1.00 1.10 1.99 « — — 2.09
1.24 1.30 2.30 2.78 — —
299 3.03 5.43 — — 5.04
323 3.23 574  — — -
3.09 3.09 3.20 4.44 3.20 3.40
114 122 — — —_ 2.20
1.00 1.03 — — 0.78 1.71
138 1.41 —_ — — —
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Table 4-11. Relative costs of body welded to head and cold worked (production quantities)
(Relative to roll and welded AISI 304 lower unit with forged head)

Materials

, ‘ AISI AISI *
! ‘ 304L 316L  Alloy CDA 715
| CF3__CFM 85 CDA122 CDA952 _ CDA 964

. © Body Preform 1.20 Wall
+ Open Ended Cylinder :
Roll and Weld(@) | 043 049 111 226 113
Extrusion ’ o ‘
Decp Drawn . ‘
Centrifugally Cast | 048 052 ‘ 0.42 0.98

Lower Head®

~ Forged 031 035 0.62 070
Machined 0.55 0.55 0.93 0.26
Cent. Cast ‘ 0.16 0.6 0.11 0.22
Weld and Inspect 031 031 031 032 0.31 0.31
Roll Extrusion 1410 141 1.29 0.93(d) 0.93

(one end closed)

Body Welded to Head

and Cold Worked
Body Head ‘
Roll and Forged 246 257 3.43 3,07
Weld Machined ‘ 270 276 3.74

Extruded Forged
Machined

Decp Drawn  Deep Drawn

Cent. Cast Forged 251 260 2.92

Coent. Cast 2.37 2.41 1.77 243
Machined 270 274
L 2
(@ Assumed same as finished body,
. (M) Increased over lower head estimate for extra material.

(©) Assume roll extrusion cost for AISI 304L same as AIS] 316L.,
(d) Assume roll extrusion cost for CDA 613/952 same as CDA 715/964,
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The conversion costs for roll extruding either an open or one-end-closed cylinder were obtained from
Kaiser Rollmet. For the one-cnd-closed cylinder, the conversion cost in the tooling costs is higher. The
girth weld should be 8 to 10 in. from the bottom to allow forming across the weld. It is assumed that the
conversion cost for AISI 304L/CF3 is the same as for AISI 316L/CF3M, and that the conversion cost for
CDA 613 is the same as for CDA 715. :

Quotes for roll-extruded open-ended cylinders, including the cost of the preform and roll extrusion, were
obtained. In a comparison of the body quotes, the roll-extruded body is more expensive than the roll-
and-weld or centrifugally cast bodies, and less expensive than the extruded bodies.

In Table 4-11, the relative costs for a one-end-closed, roll-extruded body are determined as the sum of
the following components and operations:

Body preform.

Head preform.

Weld head and inspect.

Roll extrusion (one end closed).

Only the centrifugally cast body preform has been estimated. The roll and weld cylinder estimates for ‘
the finished body are used for the preform body for process ranking, The shorter, thicker preform body
may have a slightly lower cost. The preform lower head was not quoted. The head skirt must be
thicker to weld to the heavier preform. For the preform lower head estimate, $500 was added to the
lower head quotes. For welding and finishing the roll extrusion preform, the costs for welding the
finished container were used. The estimate for a welded and roll extruded centrifugally cast preform is
below the estimates for the integral lower unit and above the estimates for a roll and weld or
centrifugally cast body and welded head.

Summary

Relative Material Costs: Based on quotes for the cylindrical body (26-in. OD x 0.375-in. average wall
x 180-in. long) for roll and weld pipe and centrifugally cast hollows, the material costs relative to
AISI 304L/CF3 are shown below.

Material
AISI AISI
304L. 316L Alloy CDA 613 CDAT715
CR__CI3M 82 CDA122 CDAY52 CDA 964
Welded 1.00 115 2.75 — — 2,66
Centrifugally Cast 1.00 106 - - 0.98 291

Relative fabrication costs are summarized next The roll-and-weld body and forged lower head in
AISI 304L is the reference or base-line cost.
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Relative Fabrication Costs (AIS1 304L/CF3)

Pintle and Upper Head

Pintle Welded to Machined Head 0.9
Integral Pintle and Head Forging 0.3
Body and Lower Head
- Integral 3
Welded ‘
Seamless Wrougit Body : 3
Roll and Weld Body 1
-Centrifugally Cast Body 1
Welded and Cold Worked
Seamless Wreught Body No Data
Roll and Weld Body 2.5
Centrifugally Cast Body 2.5

The relative material cost ratios should not be applied to the fabrication cost ratios because processing
costs may not be proportional to material costs, and the costs may be overestimated.

44. Copper Development Association Activities

B&W engaged the services of the Copper Development Association (CDA) as a consultant on the
Fabrication Project because three copper-base materials are under consideration. CDA's expertise in
copper complements B&W's expertise in stainless steels and nickel alloys. CDA has been involved
with the LLNL program since 1984, They have provided various data, information, and draft papers
directly to LLNL. In particular, Kundig (1986) reviewed fabrication alternatives for copper containers
by surveying manufaclurmg options and representative U.S. facilities.

- On May 15, 1987, Mr. W, Stuart Lyman, Vice Prosident of CDA, and Dr. Konrad Kundig, consultant to

the CDA, visited B&W to discuss the project. Results of the meeting are described in Domain (1987).
Provided below are the CDA tasks and their resultant activities:

Task 1:  Provide speific list of vendors and discussion of capabilitics.
Result:  The CDA prepared a document that was used for the B&W vendor surveys described i
Scction 4.3,

Task 2:  Review B&W's evaluation criteria and provide documentation on the effects of fabrication on
the three copper malerials,

Result: CDA responded with two documents. One document was a draft report covering the effect of
fabrication on the corrosion performance of the three copper materials. The other document
contained CDA's rating of the copper materials with regard to failure mechanisms for
welded components. ‘ ‘

Task 3: Provide access to CDA's data base and previous copper reports.

Result: CDA provided B&W with a copy of a previous report on fabrication that was prepared for
LLNL (Kundig, 1986). They also provided handbooks on standards for cast and wrought
products,

CDA provided access to the CDA data base of copper literature that resides at Battelle.
They demonstrated usage procedures to a B&W librarian for access by modem. Specific
references are provided in Section 4.2,




Task4: Provide miscellancous consultation services to B&W.
Result: CDA handlcd miscellancous telephone calls addressing questions on copper alloys, vendors,
etc. ‘ .

Task 5:  Provide a list of vendors for welding cast copper.

Result: ' CDA prepared a document.

Task 6: Review draft of B&W final report for Phase 1.

Result: CDA reviewed the report with particular attention to any reference to copper-base
materials. ‘ o

. CDA expressed the following opinions about the copper materials on LLNL's list:

1. CDA 102—CDA prefers to use CDA 122 (which is phosphorus deoxidized, high residual
copper) because it hag better weldability, This information was relayed to LLNL.

2, CDA 613—B&W pointed out that there is no ASME BPVC materdal specification for
CDA 613, whereas CDA 614 is covered by ASME BPVC Specifications 5B 150, 5B 169,
and SB 171 in Section 11, “Materials Specifications,” Part B—Nonferrous Material

(1986 Edition). The compositions of the two alloys are very similar as shown in
Table 4-12.

" Table 4-12. Chemical composition of CDA 613 and CDA 614

Cu Ni+
(incl, b Zn Mn Si Co r
Ag) Max___ Fe Sn Max Al Max___ Max _Max  Max
CDA 613 Bal  0.01 2.0- 025~ 010 6.0~ 020 010 015 0.015
3.0 050 75
CDA 614 Bal 001 15~ R 020 60- 010 — — 0.015
' 3.5 8.0

CDA reported that the tin (8n) added to CDA 613 is beneficial in increasing SCC resistance, and for
that reason it is preferable to CDA 614. The other propertics of CDA 613 are comparable to CDA 614, so
if CDA 613 is sclected, a code case should be prepared. Until then, B&W should use the propertics of
CDA 614 to represent CDA 613, when the properties of CDA 613 are unavailable,

4.5, Foreign Technology Review

Recognizing that various European concerns have active programs in waste package fabrication and
closure, B&W visited with engincers from the United Kingdom, Sweden, and France. Tours of operating
facilitics and reviews of rescarch work were conducted at several European sites.  Although the
European waste management programs differ in scope and approach from that of the U.S,, valuable
information was gained about their rationale and methodology for container fabrication and closure.
Details were presented to LLNL via a trip report in the June 1987 monthly report from B&W. The
summary of that report is reproduced below.




SI’ENT FUEL CONTAINER TRIP REPORT
JUNE 1987

SUMMARY

As part of B&W's work on the waste package fabrication and closure dovelopmont
contract for Lawronce Livermoro Natlonal Lab (LLNL), a team of engineors was
organized to moeot with English, Swodish, and Fronch nucloar waste spoclalists to
learn what thelr respoctive states-of-the-art are. The English Contral Eloctricity
Gonerating Board (CEGB) was contacted on June 12, The macting with the Swedish
spocialist (an SKB enginoer) was held on Juno 15 and 16 in England to
simultancously {nvolve the Wolding Institute, which {s porforming the
development work for the SKB. The French firm SGN coordinated our June 17, 18,
and 19 moetings In France, which consisted of (1) a tour of LaHague (the French
state-of-the-art procossing and vitrification plant) and meoting with thelr canister
welding engineors, (2) a moeting with SGN dovelopment and dosign engineors at
thelr Parls office, and (3) a tour of Marcoule (thelr currontly operating processing
and vitriflcation plant) and moeting with thelr canlstor fabrication and wolding.
spacialists,

The CEGB information was helpful interms of welding equipment and process
development, The primary knowlodge gained from the SKB meetings include
information on thelr material selection process, dovelopmont of a Hot Isostatic
Press (HIP) process for encapsulation, rescarch into differont welding processos for
copper, design of thelr waste package and expoctod fuel performahce during
storage, The information from SGN included a detailed review of their stainloss
stoel canister dosigns (two different glass canistors and nne waste canlster) thelr
canistor welding technology (including qualifications and operating parameters),
tholr general hot cell philosophy, thelr fuel handling procedures, and their shipping
cask operations,

4.6, Overview of Evaluation Methodology

As previously discussed, the YMP is in the preliminary stages of defining performance requirements,
design, material sclection, ete. Because of this, and because of the large number of interrelationships
between processing effects and the possible failure mechanisms in service, a simple weighing and
criteria approach did not scem practical to rank the candidate processes. Therefore, B&W devised a
rating system to atlempt to account for these interrelationships, The resultant system is somewhat
complicated and difficult to understand. This section will provide an overview of the system and
preview the final result. Detalls of the system with specific equations, ete., are provided in Section
4.6.2. '

Figure 4-7 shows an overview of the fabrication process evaluation criteria, B&W selected three major
criteria to rate various manufacturing routines:

o Performance—how a container made by the process performs in service. The primary
concern for long-term storage is localized corrosion,
Fabricability—the consistency and reliability of the process in making a good product in
tomw of dimensionq e.urfaco finish ctc

As Figure 4-7 shows, the performance criteria consist of 15 different microstructural features of a product
with the importance of cach feature determined by how it might impact a potential failure or
degradation mode in service. These 14 failure modes were taken from the LLNL Metal Barrier Draft
Plan (McCright, 1987). To assess the importance of the failure mode, each was rated for its likelihood
and then the severity level if failure or degradation occurs, The details are described in Section 4.6.2,
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Another important patt of the performanco criteria ls microstructure produced by a process, Four types
ware taken into account: (1) welded, (2) welded and annenled, (3) welded, cold worked, and anncaled,
and (4) bage metal, Each manufactuting process was rated for microstrugtural type «nd amount of cach
microstructural type, The rating process, then, places a large Importance on the amount of weld metal
because this arca 1s congidered most suspeet in localized corrosion mechanlsms, Therefore, from a
performarce standpoint, a rolled and welded container rocelves a lower mark than a scamless integral
container with no welds,

The final output of the evaluation system, alter suitable normalizations of data, {4 a rating grade from
0 to 100 (100 = best) for cach primary criterion, material type, and process, For example, a rolled and
welded lower unit of AIS1 304L was graded 38 for performance, 80 for fabticability, and 87 for cost. An
integral extrusion was rated 94, 79, and 60, respectively, Thus, the roll and weld had a relatively poor
performance rating but a-very good cost rating. Although B&W belleves that performance s the most
important criterion, we are not sure how much more important it is than fabricability or cost.
Thercfore, 1t was difficult to assign welghts to cach primary criterion, B&W was fully aware that the
rolled and welded process may be more than adequate for the application, and that the poorer
performance rating may be offuet by the better cost rating, ‘To attempt to allow for this, B&W chose to
use a vector sum normalized to 100 ag a prelliminary method of combining the 3 primary criteria, A
vector sum {s the square root of the sum of the squares of cach rating, In other words, a vector sum {s
really a 3-dimensional plot of cach of the 3 criteria as Hlustrated in Figure 4-7,

This 18 one method of weighting the 3 criterla. As the program progresses, LLNL may revise or refine
this method, or perhaps adopt a go-no go rationale for certain eriteria, whereln one would choose the
lowest cost option of those that met some minimum aceeptance standarcls.

4.6.1, Description of Candidate Processes

From the activities described above, many container (abrication processes and combinations of processes
were identified. In Section 3.3, the container was divided into four components: (1) handling pintle, (2)
upper head, (3) body, and (4) lower head. The first two components are called the "upper unit" and the
last two compornents the "lower unit," as shown in Figure 3-2, The schematic in Figure 3-3 shows some
general approaches for fabricating the lower and upper units as integral one-plece components or as
multiple-plece welded assgemblies.

For complete information, many process options are listed in Figure 3-3. However, with the use of
engineering judgement and practical experience, many processes can be discarded because of inoufficient
commercial experience, poor quality, or rellability problems, The following processes are excluded from
further consideration for the reasons given below.

Sand Casting: General experience at B&W and In industry {s that sand castings require extensive weld
repairs, are difficult to obtain in high quality, and would pose a serious quality-control problem, By
comparison, centrifugal castings are of higher quality and are viable for container components.

Brazing: Joining scctions by brazing produces large compositional variations due to the dissimilar metal
required for brazing, These varlations could lead to galvanic corrosion,

Adhesive Bonding: Degradation of adhesives by radiation from the container contents and the long-
term storage at clevated temperature are judged to be unacceptable,

HIP Encapsulation: This could present problems in the retrievability of the container contents. HIPing

is performed at 500°C, which i above the maximum 350°C stipulated for the cladding. This
temperature would be expected to degrade or rupture the cladding during HIPing. Inspection methods
for the HIPed malerial have not been developed,
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The processes chosen for evaluation have all beon tsed to make containor-like components slvdlar In
shape but, In some cases, amaller (n slze, The processes anc related container components are lsted
below,

o Roll and Weld
< Welded body.
. Welded body preform—heavier wall and shorter length.
¢ [Iixtragion
« Integral lower tnit—one end closed, hollow,
Integral lower unit proeform-—one ond closed, hollow with heavier wall and shorter
length.
Seammless body.
< Seamless body preform,
. e Doep Drawn
' : - Integral lower unit.
' fntegral lower anlt preform,
- Welded tower unlt—two half-length one-end-closed hollows; cut end from one for top

1

e hoad and weld remalning eylincer to other plece for lower unit,
1 . - Tleads.
1 o Centrifugal Casting
- Seamless body.
| Geamless body preforn

Heacls,
o Spinning
Integral lower unlt preform,
- Heads,
Roll Extrusion
- Convert lower unit preform or body preform Lo finish size,

Those processes are used alone or in comblnation as describod In Section 4.6.2. A briof doseription of each
process follows,

Roll_and Weld

The roll and weld process starts with flat volled plate, The length and thickness of the plate are the
game as for the contalner, The plate width malches the body clreumference, allowlng for any stretching
that may oceur In bending,

A three-roll Initlal pineh bender Is shown in Flgure 4-8, I thls machine, the top roll center i fixed and
the roll fs undriven or ldle, The vertical gap belween the pinch and top rolls ls sot to the plate
thickness. The back roll ls adjusted to obtain the destred bond ractius, The roll bending concerns include
. abtaining a stralght unbent edge at the long scam and good edge match-up over the length of the
b cylinder for welding, The 15-ft eylinclor length may make (L-up more of a problem than with shorter
LI lengtha, Depending on the geometrie reguirements, the plate cdges may be pre-bent using a die and
pressing beam, ‘The edge fit-up can e handlod with fixturing to pull the edges together for the welding
’ (Kundig, 1986). Roll and weld 18 a common procest used for pipe fabrication, Welding and Inspection .
techniques to meet the antlelpated container requirements are in place. Many fabricators should be able
‘[ to meet the requirements,
|
|

Lxtrualon

- The Cameron Forge (Flouston, Texas) processes for blocking (upsetting and plercing) and tube extruslon
R are lustrated in Flgures 4-9 and 4-10 which are taken from Cameron IHerature: I the blocking,
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WSeamless‘Extruded Pipe

”
Blocking Sequence
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0 0 A REOTION 088 SHOTION
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I D I O R
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/
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: -1l
R em———ua
! . ]
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f
'K
: Figure 4-9. Cameron Forge blocking sequence o
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W Seamless Extruded Pipe

Extruslon Sequence
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Flgure 4-10, Cameron Forge extrusion sequence
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sequence, Plates 1 and 2 of Figure 4-9 show. upsetting the billet to remove scale, Plates 3 and 4 show the
potting operation (upsetting the billet in a closed die to size the diameter), and Plates 5, 6, and 7 show
plercing of the center hole or back extrusion. Plate 8 shows the end plug being sheared from the blocker
and Plate 9 shows stripping the die from the blocker. For piercing a closed-end billet, the piercing
operation (Plate 8) is stopped to leave the desired bottom or end thickness.

The next figure (Figure 4-10) shows the extrusion sequence. Plates 1, 2, and 3 show placing the blocker on
the pedestal, raising the mandrel through the blocker, and lowering the extrusion container and die
over the blocker. Extrusion is shown in Plates 4 and 5. The upper die is forced down over the pedestal
causing the tube to be extruded upward through the annular space between the mandrel and the die.
Not all of the blocker can be extruded. The discard is sheared from the tube by the trimming punch as
shown in Plates 6 and 7. The pipe is removed, the upper die lifted, and the trimming punch removed as
shown in Plate 8. ‘ ‘ ' ‘

For extruding pipe with one end closed (blind end), the mandrel (Plate 2) is inserted in the closed-end

blocker. At the start of extrusion, the mandrel may be below the die. The extrusion orifice (minimum
annular space between mandrel and die) starts large, reduces until the mandrel enters the die, and then
remains constant. The closed end is extruded under these non-steady-state conditions. The blocker may
be preformed to assist the extrusion start-up. -

Deep Drawing

Deep drawing is used to make axisymmetric parts from sheet or plate material (ASM, 1969).
Typically, the starting material is a disk of diameter much greater than the thickness. The blank is
placed over a circular die hole (Figure 4-11). The holddown ring prevents the blank edges from dashing
upward. The punch pushes the blank through the die to form a cup. In the first draw or cupping
operation, a 40% reduction in diameter (40-in.-diam blank to 26-in.-diam cup) from blank to cup is’
typical. The wall thickness generally increases at the edge of the blank due to the radially inward -
flow. With no wall reduction or ironing from the tooling, and minimal friction, the 40% reduction in
diameter (43% logarithmic strain) would cause the edge wall to increase about 21.5%. Also at the edge
of the blank, the radial distance between the edge and a circle scribed on the blank near the edge would
increase by 21.5% when measured on the cup. With too! friction (die and holddown ring), the wall
thickness increase would be less and the edge stretch or elongation more. For deep drawing the
container (depth of draw 7 diameters), many draw operations are required depending on the material
grade. A part with similar depth-to-diameter ratio is depicted as “Lxample 265” in Figure 4-12 (ASM,
1969). The 8-in. OD x 0.150-in. wall x 62-in. long piece is one-third the container size. Six drawing
operations were required. The material was hot rolled carbon steel, which is easy to work and casy to
lubricate. ‘

Punch—"1= S Blank-

. A holder
Workpiace Jr

N L B X
: ) I
Die~ : L
Pressure pad~"" ﬂ D"‘\ -Die-cushion pin
{loft 2)

Figure 4-11. Deep drawing of cup (reprinted from ASM, 1969)
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Nl —— Moterial 1020 stos
= — ' Operalion 2 for 3 B ot rollec
Blank . Rc?ﬁruwn (hoty - fool ring [ (cnrmnol‘qlnl qualily)
0.220 min |- — ‘ (SR RTH }
’ = 0.220 min ‘ ‘ ‘
s i “{[=-0.210 ‘ 4 . . o
- 20 digm —=—w- T .
. 1
Fy ‘/' I5R
Yl y, 0.130
. NN ot
Operalion | | I S— 0.150
Drown (cold) ‘ ‘ ovg -
. S
- § 0220 62 a9
0.220 min=-g=- .
minefle- - ‘ i
| 45 diam 1 8
26 103 . diam - - f~e mr ol
e i Q)T -
-Weld
| Foot /
nng'\ _44’ 1 .
~ Operation 3 Operation 4 Operalion 5 OQperation 6 - Operation 7
Redrawn (hot) Redrown (hot) Ironed (cold) Re-itoned (cold) Spun and welded
;r-f.\-sées: : I ”7.‘13410“;1;1\u'11n1q '
Draw, .......1500-ton double-action hydraullc Hot operations ....... Graphitlo tungsaten tool
Flrst redraw 500-ton double-nction hydraulle stonl(b)
Othier redraws oo 500-ton single-nction Cold operatlons ... D2 tonl steel
hydraulic | Die hardness ...ooovoveiiiiiiria JRockwell O 60
Lubrlcuntq Tool lifa, pleces por grmd(c) e e 1000
DIBW i iiirii i . Buifonated oll | Lot slze, plecos .......... PN 1000
Fotxrth and mm redraws(a) ..,.....Dry soap | Annual procluctlon, pleces ...... veceeness 1000

(a) Including ironing operations, which necded additional lubricatlon, (b) 1.509% C, 0.407% Mn,
0.65% 81, 2.80% W, (c) Tools were reconditioned after mmunl run, .

Fig, 66. Cylinder (for chlorine gas) that was produced /rom one blank (Exnmp]v ”()5)

Figure 4-12. Deep drawing seéluences for making gas cylinders (reprinted from ASM, 1969)

Austenitic stainless relative to carbon steel will requir'e about double the force, slower ram speeds, and :
more between-draw anneals. : N

Deep drawing requires relatively expensive tooling and is a high volume production technique. The .

1 .- tool cost-per-picce depends on the production volume.
' l | Centrifugal Casting '
In the centrifugal casting process, liquid metal is poured into a rotating mold (vertical or horizontal). : :
k Most parts are bodies of revolution, however, only axisymmetry is required for balance. The centrifugal :
.. force (65 to 100 g—Medley and Quinn, 1987) holds the metal against the mold wall. Solidification is

from the mold wall inward as illustrated in Figure 4-13 from Medley and Quinn (1987).
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Figure 4-13. Centrifugal casting events (reprinted from Medley and Quinn, 1987)

The lower density oxides and impurities are displaced toward the 1D by the higher density liquid
metal. As the metal freezes at the mold wall, metal contraction occurs in sequence from cooling liquid,
solidification, and cooling solid. The central core of liquid metal forced to the outside provides liquid
metal to compensate for the volume change and climinate void formation, The following summary of
advantages for centrifugal casting is from Medley and Quinn (1987).

High degree of soundness and cleanliness.
Dense homogeneous structure,

Uniform strength at all points in all directions.
Freedom from porosity.

No directional or center weakness.

Versatility of shape.

Centrifugal castings of the diameter and length required for the nuclear-waste container are common,
The reference 0.375-in. container wall is small velative to typical centrifugal castings, and a double, or
slightly heavier, wall might be more economical (less machining). Shorter, heavier wall preforms for
subsequent working will not be a problem.

Spinning

Spinning forms bodies of revolution from initially flat disks (Figure 4-14). The start blank (disk) is cut
from sheet (plate). The blank is clamped to the form. The spinning roller is positioned and the blank
rotated. The spinning roller follows the Figure 4-14 automatic spinning contour set by the tracer. The
figure shows several intermediate contours. In this free-spinning process, the blank thickness is not
reduced. Blank dimensions were estimated for the container based on part volume (26-in. OD x 0.396-in.
wall X 180-in. long, bottom thickness equals blank thickness) as follows:

Blank Size (in.) Cup Size (in.)

Thickness Diameter oD - Wall Length
1.188 ‘ 85 26 1.188 66
1.500 . 77 26 1.500 55
2.000 68 26 2.000 ‘ 50
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Finished Part

_——Spinning Roller

Intermediate —
Contours

Contour for Tracer

Figure 4-14. Automatic spinning
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For cups, the corner radius should be 1 to 1.5 times the blank thickness. The cup made by spinning can
then be elongated by roll extrusion (discussed elsewhere) or flow turning. In flow turning, the cup wall
thickness is reduced between a mandrel and external roll. In flow turning, the external roll docs not
encircle the work piece. The roll center is outside of the work piece. ‘

Advantages of spinning include simple start material (sheet or plate) and simplified tooling rclative
to press forming. The relative tooling expense is sensitive to the part volume—savings are more
significant at lower volumes. Typical spun parts are smaller and lighter than the nuclear waste
container preform cups. ‘ :

‘External Roll Extrusion

The external roll extrusion process was developed by Rollmet (now Kaiser-Rollmet). The process is
shown schematically in Figure 4-15. The mandrel is placed inside the tube hollow. The external ring
rollers encircle the fube and mandrel. The tube wall is reduced between the roller and mandrel. The
tube ID remains nearly constant., The external ring roller centerlines are offget and skewed with respect
to the tube axis. The offset causes one ring roller to work the tube on one side of the mandrel and the
other roller to work the opposite side. By skewing the axis relative to the tube centerline, the external
ring roller contact points are on opposite sides of the tube at the same axial position. This arrangement
balances the forces in the horizontal plane. The process is used for precise eylindrical components—
high diameter-to-wall ratios (over 15) and precisc wall tolerances. The diameter-to-wall ratio for the
reference container is 65 to 1. The container geometry is well-suited for the roll extrusion process.
Diameter-to-wall ratios greater than 15 are difficult to make with good wall tolerances using primary
seamless manufacturing processes such as extrusion. Thus, roll extrusion with a primary scamless -
process may be a good combination.

 Roll extrusion of long seam-welded cylinders requires the highest level of weld integrity to withstand
the required deformations, As such, the process is a test of weld integrity.

Roll extrugion of a girth weld apparently has not been attempted. Again, a high level of weld
integrity would appear to be necessary. Working of the welds is desired to break up the weld
microstructure and reduce suscepfibility to nonuniform corrosion.

4.6.2. Evaluation Criteria and Methodology

Methodology

To ald in evaluating alternate fabrication methods for the YMP waste containers, three primary
criteria were identified: ‘

e Performance—how the proposed fabrication method impacts performance. The primary
concern for long-term waste containment is nonuniform corrosion.

o Fabricability—what the fabrication process requires of the starting material (formability,
weldability), whether the process meets dimensional requirements (tolerances, surface
finish), and whether the process is used commercially.

e Cost—estimated unit costs assuming a production quantity of 1500 units per year.

A process ranking is calculated numerically by considering the product and the process. With respect to
each primary criterion (performance, fabrication and cost), a list of product criteria, features, or
characteristics is made. A numerical value is assigned to the product criterion based on the relative
importance of the feature—the more important the feature, the higher the numerical value.




EXTERNAL ROLL EXTRUSION

.~ EXTERNAL
' K AOKLERS

i INTERNAL MANDREL
\ N

‘

-

i

8

The process starts with a forged cup, ring blank, or
right cylinder (pipe, extrusion, etc.). External pres-.
sure rollers work the metal from the outside, with or
without an internal mandrel, as the blank increases
in length.

Dimensional control and special contours can be
obtalned through tape programming, using one or
more passes as required to produce the final form.

APPLICATION

ROLLMET applies wherever the requirement is for
high performance, precision cylindrical structura!
components, especially where welding is undesirable
for design or economic reasons. Materlal and tool-
ing costs are reduced, and subsequent machining is
minimized. Typical examples of current applications
include components for missiles, chemical process
plants, seamless preform sections, gas turbines, air-
craft, ordnance, nuclear, commercial, marine and
electronic equipment,

MATERIALS

ROLLMET shapes are avallable in many materials,
MARAGING STEEL ALUMINUM
TITANIUM ALLOY STEEL
STAINLESS NICKEL BASE ALLOYS
COPPER REFRACTORY METALS
BERYLLIUM

Additional metals and alloys will be provided as developm‘nt
work progressas. Materials for certain shapes can be sithar
cold or hot rolled.

FEATURES

Completely saamless
Eliminates welding

Very thin walls available
Superior surface finish

Rolled weldments have Variety of starting blanks
anhanced properties can be utilized
Accurate sizing Maximum material aconomy

Meets tho requirements in such demanding applicatiuns as
seamiess, collapsible expulsion storage containers.

Figure 4-15. Rollmet's external roll extrusion
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In the current project, the product features are cast in a negative context (i.e., they represent potential
problems). In rating the ability of each process to influence the product features, a process criteria
value is assigned between 0 and 5, where 0 indicates that the process climinates potential problems
assoclated with a particular product feature (e.g, anncaling eliminates residual stress as a
performance concern) and 5 denotes that the process exacerbates a problem,

A process index value is calculated as the sum of the products of the producf criteria valuies and the
process criteria values. In equation form,

‘ N ‘
IV= £ PROD(I) x PROC(I) “
I=1 ‘
whete IV = index value; ‘ ‘ ‘ .
N = number of product criteria; ‘
PROD(I) = product criterion value, relative importance of the product feature;
PROC(I) = process criterion value, influence of the process on the product "0" denotes that

the process eliminates problems assoclated with the product criterion.

After the index values are calculated for each process, they are normalized as follows:

NORM = (1 - I—Vﬁ%() X 100

where NORM = normalized value,
IV = index value,
IVMAX = maximum index value (5 times the sum of the product criteria values).

Thus, when IV = 0, NORM = 100, and this is the perfect process.
When IV = IVMAX, NORM = 0, and this is the worst possible process.

Index and normalized values are calculated for performance, fabrication, and cost, Over the course of
the project, various methods of weighing the criteria for deriving an overall ranking were considered.
Because the rankings of processes for performance and cost may be related—good performance ranking
and poor cost ranking or vice versa—an arbitrary weighting system could be used to skew the results in
either direction,

Thus, each criterion is evaluated scparately and may be combined with emphasis placed on the three
primary criteria as desired. Overall rankings for performance and fabrication and for all three criterla
are given as vector sums (square root of sum of squares) for the normalized values of the criteria. The
combined rankings are normalized to 100 by dividing by the square root of 2 for summing two criteria and
by the square root of 3 for summing three criteria.

The ranking procedure for each of the primary criteria—performance, fabrication, and cost—is
discussed separately.

Processes

The processes being considered are described next and numbered.




Upper Head (Processes UH-01 to UH-08)
' The upper head (UH) includes both the head and the handling pintle, The fabrication processes are:

UH-01 Machined Forged

UH-02 Machined Spun

UH-03 Machined Deep drawn
UH-04 ~ Machined Centrifugally cast
UH-05 Machined Machined

UH-06 Integral - Forged ‘
UH-07 Integral ‘ Centrifugally cast
UH-08 Integral - Machined

Processes UH-04 and UH-07 use centrifugally cast components and would use the cast form of the alloys
being considered where available. The alloys without cast equivalents are considered to be

unavailable as centrifugal castings.

Processes UH-01 to UH-05, machined pintle welded to the head, all require weldability and
inspectability. The integral processes, UH-06 to UH-08, do not require welding during fabrication. The
closure weld is covered under a separate project.

Lower Unit (Processes LU-01 to LU-43)

The lower unit (LU) consists of the lower head and the cylindrical body section. Processes L.U-01 to
LU-03 are an integral body and lower head, and have no welds, The remaining 40 processes all have a

girth weld joining the body and lower head.

Processes LU-04 to LU-23 represent 4 methods of body manufacture, and 5 methods of head manufacture
(20 combinations).

Processes LU-24 to LU-43 represent the same body and head manufacturing methods as LU-04 to LU-23,
followed by cold working of the body including the girth weld.

For all processes, the component is final anncaled to eliminate residual stresses and sensitization, The
processes are cnumerated below.

Integral Body and Lower Head

LU-01 Extruded Closed-End Cylinder
LU-02 Extruded Closed-End Cylinder and Cold Worked Body
LU-03 Decp Drawn Closed-End Cylinder

Welded Lower Unit
Body Lower Head Remarks
LU-04 BO1 Roll and Weld LLH-01  Forged
LU-05 LH-02  Spun
LU-06 LH-03  Deep Drawn
LU-07 LH-04  Centrifugally Cast NA1

Machined




Waelded Lower Unit (cont'd)

Body Lower Hlead Rernarks
] LU-09 BO?2 Extruded - LH-01 Forged
| LU-10 LH-02  Spun
x LU-11 ‘ LH-03  Deep Drawn
A LU-12 LH-04  Centrifugally Cast NA1
5 LU-13 | LH-05 Machined
’ LU-14  BO3 Deep Drawn LH-01  Forged NA2
I LU-15 LH-02  Spun NA2
an b LU-16 LH-03  Deep Drawn
R Lu-17 LH-04  Centrifugally Cast - NA12
l LU-18 LH-05  Machined NA2
LU-19  BO4 Centrifugally LH-01  Forged
~ LU-20 Cast LH-02  Spun
- 1 - LU-21 LH-03  Dnep Drawn
R LU-22 ‘ LH-04  Centrifugally Cast
3 I | LU-23 LH-05 Machined
. Body Lower Head Remarks
e LU-2¢ BO! Rolland Weld—  LH-01  Forged
LU-25 Cold Work after LH-02  Spun
ol LU-26 Welding LH-03  Decp Drawn
e LU-27 LH-04  Centrifugally Cast NA1
B R LU-28 LH-05  Machined
e LU-29  BO2 Extruded— LH-01  Forged
S LU-30 Cold Work after LH-02  Spun
S LU-31 Welding LH-03  Decp Drawn
R LU-32 LH-04  Centrifugally Cast NA1
. ; LU-33 LH-05  Machined
LU-34 BO3 Deep Drawn— = LH-01  Forged NA2
N LU-35 Cold Work after LH-02  Spun NA2
S LU-36 Welding 'LH-03  Dcep Drawn
o LU-37 LH-04  Centrifugally Cast NA1,2
LU-38 LH-05 = Machined NA2
‘ _ o LU-39  BO4 Centrifugally LH-01  Forged
b o LU-40 Cast—Cold LH-02  Spun
: LU-41 Work after LH-03  Deep Drawn
| LU-42 Welding LH-04  Centrifugally Cast
| LU-43 LH-05  Machined
gi ! NA1  Ceontrifugally cast head not allowed with forgod body.
‘ NA2  Deep drawn body produces the heads as part of the process, Alternate head forming may be
used if configuration of the head cannot bo met by deep drawing.
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The performance requiroments are based primarily on tho oxpocted effocts of welds on possible
degradation mocdos given i, the LLNL Metal Barrier Draft Plan (McCright, 1987), Exporlence has
shown that, in cases of localized corrosion, welds are more susceptible to fallure than base metal
because of the Inhomogeneltioy of thelr composition, microstructure, and stresses, Compared to the
welds, the base metal degradation modes are substentlally reduced and of lesser importance, For this
reason, the number of welds in the contalner 1s to be Hmitod to a maximunt of a plntle attachment weld,
a longitudinal seam weld in the body, and a girth weld attaching the bottom head to the body, Since
the base motal corrosion resistance {s expected to be 8o much better than that of the weld metal, a
scamless construction is preferred. However, it s not known {f a nonwelded fabrication and the
concomitant highoer costs are necessary.

The performance product criterla values are identical to those developed in the Closure Project, The
tables and a brief oxplanation of the methodology are glvon, The process 1s fully described in the
Closure Development Report,

The product criteria are the "Summation of the Welghted Materlal and Process Constderatlon Factors"
for the Closure Development Report. They are developed from the possible degradation or fallure
modes given in the LLNL Metal Barrier Draft Plan (McCright, 1987).

Fourteen potential faflure mechanisms are listed in Table 4-13, For cach alloy material, the 14 failure
mechanisms are assighed numerleal values for likelihood of occurrence (L = 0-10) and for severity of
occurrence (5 = 0- ’%). For example, the tranggranular SCC fatlure mechanism of the AISI 304L and CF3
alloys is assigned a § for likelthood of occurrence and a 3 for severity of occurrence, The cracking s
considered to be severe because it {s a localized attack and s difficult to allow for in the contalner
deslgn,  As another example, the oxidation fallure mechanism s likely to occur (L = 10), but the
severity 1s low (8 = 0.5) because It 1y casily allowed for in the container design,  Multiplying the
likelthood factor (L) by the severity factor (S) gives ug the weighting factor (W) for ecach failure
moechanism,  The welghting factor indicates the mechanism's relative importance-—the higher the
number the greater the concern with the fallure mechanism, For the AISI 304L and CF3 alloys, the
transgranular SCC and oxidation welghting factors are 15 and 5, respectively, The table shows that
the welghting factors for those particular alloys fall between the extreme value of 18 for intergranular
SCC and 0.9 for galvanic corrosion.,

A material Index may be caleulated as the sum of the welghting factors, A higher numerical value
implies a greater concern for failure of a particular material, It was not the intent of the current projocts
(Fabrication and Closure) to compare materials, The numbers were assigned independently for each
material and were not specifically evaluated relative to the other materdals, Any subsequent
differences in performance ralings among materlal grades are based on the values in Table 4-13,
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Product Criterla

The noxt step ta to identify product edtoria or features that rolate to the fallure mochanisms, Thoe
fallure moechanlyma and procduct eriterla aro Heted bolow,

Fallure Machanigmmg Lroduct Critorla
Tranagranular SCC Varlable Microconstituents
Intergranular SCC Varlable Grain Slze
Crevice Corroslon Nonegullibrium Microconstituents
Galvanle Corroglon Microchemical Inhomogenolty
[ntergranular Corroslon Proforred Graln Orlentation
HAC HAZ Precipitation
. Pitting Corrosfon Macrochemical Inhomogenelty
. Hydrogen Embrittlomoent Roslclual Stregs
- | Oxidation Porosity
Cioneral Aqueous Corroslon Lack of Fusion
Microblologleal Corrosion HAZ Microcracks
Dealloyling Fuston Zone Microeracks
Machanlcal Overload Incluslong
¥ Mechanleal Impact Surface Conclition
! Weld Profile
As noted previously, the methodolgy developed in the Closure Developmont Report f8 being used. The
. | fatlure mechanisms are negatlve In context as are the procluct erlterta, The product eriterla are orlented

(o a welded mlcrostructure,

A For cach fallure mechanism, numerlcal values or welghtings are assigned to cach product criterion,
o Thede welghtings are normalized to 10 In the Closure Development Report, The normalized values for
\ AIST 3041,/ CEY for tranggranular and intergranular SCC are lsted below,

i Lronsgranular 5CC Inlergronilar 5CC

N Normallzed Welghting  Normalized Weighting
Procluct Cullerla to 10 Factor 15 to 10 Factor 18
"‘ 41 . Varlable Microconstituents 147 22,05 1.36 24,48

E Varlable Graln Size 0.18 2,70 0.34 6.12
‘ Noneguilibrium Microconstituenty 074 11,10 0.68 12,24
i Microchemical Inhomogenelty 1,65 24.75 1,53 27.54
kN Mreferred Gradn Orlentation 0.07 1.05 0.68 12,24

HAZ Precipltation 1.47 22,05 1,36 24,48

Macrochemical Inhomogenelty 0.74 1110 0.68 12,24

Resldual Stress 1.84 27.60 1.69 3042

Porosity 0.18 2,70 017 3.06

Lack of Fuston 037 555 0.34 6,12

HAZ Microcracks 0.37 555 0,34 6,12

Fuslon Zone Microcracks 0.37 5.55 0.34 612

e ncluslony 018 2,70 0.17 306
oo Surface Condition 0,18 2.70 0.17 3,06
R | Weld Profile 018 2270 017 .06
Lo 10,00 150,00 10.00 180.00

‘_;";' 71




The normalized values may bo thought of as a partition function distributing susceptiblility to the
fallure mechanism among the product crlterla, Thus, susceptibility to transgranular SCC 14 assoclated
primarily with:

Normallzed — Asalercentage

Varlable Microconstituents 147 14.7
Microchemical [nhomogenelty 1,65 165
HAZ Precipitation 1.47 14.7
Roesidual Stress 1,84 18.4

64.3

These four product criterla account for more than half the susceptibility of the materlal to
transgranular SCC,

Also shown are tho values for intergranular SCC. The same four product crilerla are again most
important, Multiply the normallzed product criterla by the weighting factor for the failure
mechanism to obtain a value for cach comblration of product criterion and fallure mechanism. Product
criterla values are summed for all fallure mochanlsms to obtain the procuct criterla, The product
criterlon failure mechanism array for AISI 304L/CF3 {s glvon in Table 4-14, (Noter Figures 5-1 through
5-6 in Sectlon 5 contaln summary tables for all materlals, and detailed tables for AISI 304L/CF3.)

For cach fallure mechandsm, the first row glves the normalized value for each product criterion, which
summed across the page has a value of 10, The second row glves the product of the welghting factor
from Table 4-13 and the normallzed criterion value, By summing vertically, we obtain the unwelghted
summation and the product eriterion values (weighted summation). This establishes the relative
Importance of cach product criterfon relative to all fallure mechanisms for cach materdal,  For
AISI304L/CF3 the product criteria values grealer than 100 are:

Lrogluet Criterlon Yalue
Varlable Microconstituents 122,70
Nonequilibrium Microconstituents 100.83
Macrochemical Inhomogoeneity 158,06
HAZ Precipitation 13023

511,82

These four procuct eriterfa account for nearly half the susceptibility to failure by the mechanlsms
listed and would, therefore, be of primary concern in considering how the fabrication process affects
them,

The performance product criterion values for all container materlals are shown in Table 4-15.
Differences In the respective product crlterla sums are due solely to differences in the weighting factors
glven in Table 4413, The sum of the product eriterla t9 10 imes the materdal index from Table 4-13,

[rocess Criteria

The process criterlon values represent the abllity of the processing to affect the product criteria, As the
product criteria are cast in a negative context, the process criterla are assigned values from 0 to 3, with 0
being the best, A "0" indicates that the process climinates any deleterlous effects associated with the
product criterlon,
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For cach container material, four process conditions are evaluated. These promm conditions are later
related to fabrication sequences. The four process conditions are:

As-welded (cold wire—gas tungsten arc weld),

Welded and annealed.

Weld, cold worked (including the weld), and anncaled.
Base metal annealed,

BN

The as-welded procéss criteria are from the Closure Project for cold wire gas tungsten arc welding. (The
. criteria are reversed from the Closure Project where 5 was best and 0 was worst.)

For the other processing conditions, multiplicative reduction factors were sc]ected by one of the authors
(H. A. Domian) based on his physical metallurgy expertise. The reduction factor may be applied to the
as-welded process value and/or to the as-welded performance index for each product criterion. The
same reduction factors are used for all the container alloys and are listed below.

Welded
Welded  Cold Worked  Base Metal
Annealed Annealed Annealed
Variable Microconstituents 0.50 0.25 0.125
Variable Grain Size 1.00 0.50 ’ 0.25
Nonequilibrium Microconstituents 0.00 0.00 0.00
Microchemical Inhomogencity 0.50 0.25 0.125
Preferred Grain Oricntation 1.00 0.00 1.00
HAZ Precipitation ‘ 0.00 0.00 0.00
Macrochemical Inhomogencity 1.00 1.00 0.125
Residual Stress 0.00 0.00 0.00
Porosity , 1.00 0.50 0.00
- Lack of Fusion 1.00 0.50 0.00
HAZ Microcracks , 1.00 1.00 0.00
Fusion Zone Microcracks 1.00 1.00 1.00
Inclusions ‘ 1.00 1.00 1.00
Surface Condition 0.00 0.00 0.00
Weld Profile ‘ 0.00 0.00 0.00

A reduction factor of 1.00 indicates no effect on the process criterion, while a rcductxon factor of 0
indicates that deleterious effects of the product criterion are climinated.

Performance Index and Normalized Ratinﬁ

The product criteria and calculation of the performance index for AISI 304L are shown in Table 4-16.
The product criteria are listed al the left and values are given in the first column. The sum of the
product criteria is used later for normalizing the index values. The second column of numbers gives the
process criteria for cold wire gas tungsten arc welding. The third column, "index value," is the product
of the product criterion and process criterion.” The sum of the products is the performance index for the
as-welded process. The following three columns are given for each of the other three processes:

* Reduction factor given previously.
* Process criterion—reduction factor times the as-welded process criterion.

- Indey value—nroduct of nroduct and process critoria (or reduction factor times the as-

welded index value).
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The performance index and normalized ratings for the four process conditions and various container
alloys are given in Table 4-17, The index values are normalized relative to 5 t mes the maximum sum of
product criteria, where 5 denotes the worst possible process. The maximum sum of product criteria s
1129.2 for AISI 304L and CF3. The normalized ratings are then:

Normalized Rating = [1‘0 - (mﬂ%lﬂm) X 100]
, 5x1129.2

Thus, the perfect process has an index value of 0 and normalized rating of 100. The worst possib‘le
process is a normalized rating of 0. The next step is relating the normalized process rating to the
various fabrication methods listed previously.

Performance Fabrication Process Rating

 For the processes listed previously, the container consists of base metal and various amounts of weld

metal. For all processes, it is assumed that the components are annealed after welding or forming,
Thus, the worst condition is welded and annealed.

Various methods were considered to allow for the effects of base metal and weld metal in the container.
These included:

* Using the lowest normalized rating, Thls method did not discriminate between a container
with a longitudinal scam and girth weld (262 in. of weld) relative to a container with only
a girth weld (82 in. of weld). The roll-and-weld construction would seem equivalent to a
container with three girth welds, which is less reliable.

* From the normalized rating for the base metal (NRBM), subtracting the product of a
normalized weld length "b" and 100 minus the normalized rating of the weld metal
(NRWM):

NRBM - b (100 - NRWM)

This makes the final rating depend on the weld length. Dependihg on the dimensionless
weld length "b," the resultant rating could be negative.

The method chosen is based on reliability concepts. If two items must both function for a system to work,
and one is 90% reliable, while the other is 70% reliable, the system reliability is the product of the
component reliabilities or 63%.

The method selected is as follows:

e Use the normalized ratings as measures of reliability.
* Consider the relative weld length as an exponent of the NRWM.

Thus, the performance rating would be calculated as follows:

N lized N lized Wcldlmgth__
. ormalize ormalized \[Reference Wedd Length,
Performance _ Rating |x| Rating e HECLE
Rating
Base Metal Weld Metal/
PR = NRBM x NRWMP
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For cases with zero weld length, the base metal rating is obtained. The exponent for the roll-and-weld
plus girth-weld case i proportionally larger than the girth-weld case exponent The girth-weld
length of 82 in. wan s tlectvd as the reference weld length, Thus,

Wek. ot Longgh!
PR = NRBM x zmw i

For each material and fabrication process, the appropriate values for NRBM and NRWM are read from
Table 4-17.

e Base metal annealed, and welded and annealed weld metal

Processes 1 Welds ~ Weld Length (in.)
[.HO1-05 Welded Pintle 38
L.LHO06-08 Integral Pintle ‘ ‘ 0
LU01-03 Integral Lower Unit 0
LU04-08 Welded Head and Long Seam 262
LU09-23 Welded Head : 82

e Base metal annealed, and welded, cold worked, annealed weld meotal

Processes Welds Weld Length (in.)
LU24-28 Welded Head and Long Seam 62
LU29-43 Welded Head 82

The calculated performance ratings are shown in Table 4-18 (upper unit) and Tabie 4-19 (lower unit).

The nonwelded fabrications UH06-08 and LUQ1-03 are ranked highest for performance, followed by
cases involving welding a head to a seamless body. The welded body cases were ranked lowest. Cold
working the lower unit (body and girth weld) raised the performance ratings. If the weld length was

normalized at 262 in. (Exponent = Weld Length/262 in.), the range of performance ratings would be
narrowed.

Fabricability Criteria

Since the candidate alloys are all fabricable with routine commercial processes, there are only some

relatively subtle differences depending on the alloy and process being considered. The ratings

determined by the fabrication project team (H. A. Domian, E. Martin, R. L. Holbrook, and D.
LaCount) were based on negative cffects of a particular alloy /process combination.

Fabrication product requirements include material property requirements for forming and welding,
dimensional and tolerance requirements, inspectability, and commercial considerations. These
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fabrication product criteria are the product attributes with respect to fabrication.

criteria and welghting factors are listed below.

The thirteen

Fabricability—Product Criteria

1, Material Quality 4
2. Formability 4
3. Weldability ' 4
4, Tolcrance OD 1
5. Tolerance Wall 1
6. Tolerance ID 1
7. Tolerance Ovality 4
8. Surface Finish ID 1
9. Surface Finish OD 2
10. Process Control 4
11. Ingpectability 4
12. Vendor Sources 2
13. Commercial Use 4

TOTAL 36

The same criteria and values are used for all materials. The weighting was de

Desgcription

© Is comme ‘clal-quality starting material

adequate, or is special qualit  quired?
Is normal ductility adequiwe?

When welding is required, how difficult is
the material to wold?

Primary concern is fit-up for
closure welding. Better than
normal tolerances may be
required for ovality,

The OD surface finish is
important for corrosion.

Will a high level of process
control be required?

Can the component be inspected
by UT, x-ray, and dye penetrant?
Will it permit closure weld UT?

Is the material and process
available from several sources,
or is there only one vendor?

Is the process in use

for the desired materials
and sizes, or is further
development required?

termined by a consensus

of the forming project team. The highest weighting, 4, was assigned to required factors:

Material Quality—required for QA.

. Process Control—required for QA.

ik
m—o NWwWhNh =

Formability—required for manufacture.
Weldability—required for manufacture,
Ovality Tolerance—required for closure weld fit-up.

. Inspectability—required for closure weld NDE.

13. Commercial Use—project requirement to use established commercial processes.
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Factors 2, 3, 11, and 13 are material and process dependent. The remaining factors are only process
dependent, Welding CDA 122 is considered to be difflcult. Centrifugally cast heads have a single
gource and are not now In commercial use, CDA 122 and Alloy 825 are not available commercially as
centrifugal castings,

Anindex value is calculated for each fabricated component as the sum of the products of the product and
process eriterla values, Fabricability of the processes and materlals is normalized to the "worst case”
(e.g., all process criterla oqual to 10), The maximum fabricability index is 10 times the sum of the
product criteria (36), or 360, All processes are normalized for fabricability ag:

NORM = (1 - Index Value)yx 100 ,
360
For the upper head and handling pintle, and integral lower unit fabrication processes, the normalized

fabricability rating s used. For lower units with the head welded to the body, the normalized
fabricability rating i the product of the component ratings:

Normalized Normalized Normalized
Rating Welded = Rating X Rating
Lower Unit Body Head

For the cold worked welded lower unit processes, the normalized rating is the product of three ptocess
ratings:

Normalized Rating Normalized Normalized Normalized
Cold Worked Welded = Rating X Rating X Rating for
Lower Unit Head Body Cold Work

The normalized fabrication ratings for the upper head and handling pintle are given in Table 4-20 and
for the lower unit in Table 4-21, For the upper unit, the forged or machined head and integral pintle are
ranked highest (no pintle weld). For the welded pintle, forged, spun, or machined heads are ranked
equal to one another, The deep-drawn head is ranked lower because of higher formability and process
control requirements, Centrifugally cast heads are ranked low because of poorer inspectability, limited
vendor sources, and lack of commercial usage.

For the integral lower unit, the extruded and cold-worked process (LU-02) is ranked highest. The
extruded closed-end process (LU-01) is rated lower for tolerances and surface finish, The deep-drawn
process is rated lower for high material property requirements and tolerances.

For the welded Tower unit (cold worked or not), three body processes rank nearly equal: centrifugally
cast (rated good for ovality with concern for inspectability), roll and weld (rated lower for ovality),
and extrusion (concerns over surface finish and limited vendor sources). Deep drawn ranks slightly
lower (requires higher level of formability and limited vendor sources). The lower head processes
ranked as follows: machined head ranks highest (no formability requirement), followed by forged or
spun heads, and deep drawn heads (formability and material quality requirements), The centrifugally
cast head is considered only with a centrifugally cast body. It is rated lower because of more difficult
inspectability, limited vendor sources, and not being in commercial use,

The cold worked processes are ranked lower because of the extra processing required.

For processes involving welding, CDA 122 is ranked lowest. CDA 613 is also ranked lower for
weldability than the other alloys. In general, this alloy is readily welded by solid-state processes




(0.g. friction welding). Alloy 825 and CDA 122 are not available as centrifugal castings. (An alloy
similar to Alloy 825, with niobium substituted for titantum, has been centrifugally cast,)

Cost Criteria

The cost rating 1s derlved from the relative costs presented in Section 4.3.7 and 1s shown here In
Tables 4-22 and 4-23, The reference unit (relative cost aqual to 1) is a roll and weld body welded to a
forged head in AISI 304L. The relative costs are in multiples of the reference unit,

To obtain a "cost rating," a scale having a range from 0 to 100 is desired, with tho higher rating
denoting lower cost, The cost ratings are caleulated as follows:

Upper Head and Handling Pintle:

Cost Rating = (1 ~ Relative Cost/2) x 100

(An upper unit with relative cost of 2 would recelve a zero rating.)
Lower Unit:

Cost Rating = (1 - Relative Cost/8) x 100

(A lower unit with a relative cost of 8 would recelve a zero rating.)

A cost rating of 100 requires zero cost. The relative costs for a zero cost rating (2 for the upper unitand 8
for the lower unit) are chosen based on the relative cost range to glve a wide range to the cost ratings.

The cost rating i used in the vector sum process comparisons for performance, fabricability, and cost,

84



85

- 1:3:24 [ 114 001 801 001 cotT : psuyyde R  @0Hp
L 8L L (42 3sed> Agrebnj liive] LOED
L1114 (1) ¢ 114 8ot :1:34 00T psbiogd S oKL
GV3IA ¥34dn ¥ TTINIA IVEDIINI
85 ¥5 z6 86 B6 86 pautyder SORD
1L L 194 1L ise> Ajrebnjyiijuaj YORL
. €8 8 Z8 98 98 89 urelp da3g EdHG
€6 ¥»6 Z5 86 85 g6 undg ZORD
g6 6 (4} B6 66 86 pabioga 1080
g¥3n 43 dah

G¥3H ¥3ddn Ol 03073% IWnld CzRIHIYW
$95%Gs SILYGD 7Z56¥E3 ETIIVOD ZZIVAR SZens RZI2 I91E £dd TP 0E

spurd Supuey pue peay 2ddn 3yj 1oy s3uger UORBLIGEL T AI9EL




- jiwpunpel s} BuUIEIO] Desy SIPUII[¥ -SS33c3d 3yl Jo 13ed ST SPEIY IY: SIONEO1I Apog usFip 493§ - Ik
-Apog pa3bIoJ J31¥m pOmOT[E 10U pERY 1S¥2 ATlEONITIIUSS - TYN
£9 09 ES £9 DeLIYSER c¥nl
: ¥ Eid S¥ ce 1sed Ajjebnj tiiua) ZE¥07
9S s 531 95 umeip 4290 ivnl
19 BS 19 19 undsg ow¥n’l
1s 85 19 19 pabiog 1se3 -3u33 6¢en7
- TN PeTiudeRn 2ERT
. Z71¥R ised Ajfebnjyiijua) Lend
- €5 oy 3 4 134 gc £C uUmeip d2eg GENT
TYR wnd g SERT
ZYN Fe5304 umelp d33g FENT
19 S es T9 19 i3 poulyIen cENT
TN ise> Apiebnytizue) ZENT
ss :34 i 4 4 ES £S cs umPip Goo( Ten7d
€5 [4 :3 4 - 68 &5 £6 unda aend
R €< [ 4 8y &S &5 55 Pobicsi PRpniixI 07
. £9 95 ¥y €S £3 ES peUlyden 3zn
iv¥R ised Ajjebny 1i3ul) Lznd
B LS 0s 124 9sS 9s LS un¥Fip 433 9Za%
15 £ i3 2 I5 is i3 né g 17431
15 ¥S 1% 4 19 19 19 pebIogl p13m v 170¥ ¥ZN
GYSH d3mCTd AC09
LIIRD §3%0T 03I3TI3® G3INEDIA J4TUD
T8 L& [4:] [4:] PEUTYIER gan
85 €9 : (3 &S ise> Ajtebnjrilue)d el
EL < [4 4 €L u=meJp desq 1Z073
(34 6L 6L A undg oznd
- sL &L €L 6L pa3biod ised *31UR ] 6107
ZYH P3UIyOew e1in’
271N 1sed Arjebnjiiiue) Lin’
89 S 09 s9 &9 69 . umeIp 42333 3in7
T VR unds sind
¥R palicg umeip d3ag ¥ 1IN
sL L oL 6L 6L 6L PaUTYIER EINT
TR ISeD Afletnj 113uUs) Zind
Iz $3 f4-] oL oL iL umesip d23ag 1107
LL 1L 19 LL LL [AA undg g1a7
L iL LS LL LL L padicd BIPNIIXI 50077
€8 LL [4°4 €8 te [3:] PaULYOdEn gon’l
I¥N 1sed AIfEEnj1ilvs) Lond
¥ 69 95 €L EL ¥L BReIp d3g gonl
ce ¥L 29 08 133 o9 Lnds sonl
Ce yL 09 o8 s 08 pediod pien 3 1704 vean
ayIa 539U AQ09
3Iir” 43R0T G3UTSH
LL 99 (25 ¥L v Li pus pascid umelp d3IG EOGT
88 88 LL I8 g8 2] peXIom pi0> ¥ pUI pasSOIDd pPSpnIIXF 70N
8L 6L 6L 6L 6L 6L PUd pasoid PP NIIXIT 1CNT
$SSEED SILYGD ZSE¥ED EISYGl ZZIVAS cZ Rl RED 391¢ | X ps} Bid i3 »IKN E3IRA0T TV4d93INI

Jun Bmoy 33 107 sSunes uongEdHqe] T IIGEL




53

ce €6

¥I6YE3 STLYOD TSSYE3 EI9vED

p3utyde R

1sEd A7Tebnjiiiiuaj

69 ze B pabicg
GY3R ¥3ddn § IIINIZ IV403 INI

98 9€ 95 22 paulyoew
g8 38 1sed Ajiebniiiiusy
Umelp dleg
undg
pabiog
d¥3E 83jdd4a
JV3IR N3ddn 01 T3373% Z1rIc GENIHIYN
[£44 jix} GT8N1 REID 191E €42 TP 0E

spumd Surppuey pre peay Rddn 3y 107 s3ugeriso) TZ-F IqelL

80HN
Loup
J0EN

SOHQ
youn
EOED
2080
ToRe

B
0



“asoFwni ea §1 Puleso) PTGy SlFULLL Y -.sas0o1d dy: 10 31led se speay syl seodnpold Apog umelp deay = ¥n

R “Apoq pablo} yljm peAO[[E JIOU pesu 3sed AjrebniTijual - 1YN

- ‘ ’ : 99 .99 peuUIYden EVNT

oL o ‘8L oL oL 1sed Afrebnjiiius) wn’l

- ) ) umeip daag vl

- S unds ornl

. 9 . 89 . 69 o pabiog ised *3ita) 6€Anl

g - ZYN pautyoeH gENd

; ) . Z7TYN 1sed Aflednjpilus) © O LEM]

: - umelp daag - . gENT

i ZYN unds . SENT

Z¥N peblog umelp dav(d Fenl

- - pauiyoen ceENnT

} : . - TVN ase2 A[febnjrizus) cEni

N T R - : umelp daag 1€01

: . o ) undg oent

) - - pabiogy papniIxX3 5ZN1

. | 3] . . s9 99 paujyoew fZNI

: © T¥N 1sed Ayfrebnj1ijua) L

. umelp daaq 9zn1

) - undg sZn’l

5 . 29 . LS 89 6% psb30d piam ¥ (T10¥ bINi
: - . . - - ’ av3d asnul AQO8
“LINA ¥3m07 03413 gINa0M 010D

’ - . 4} €8 P2UTYOeN - . ez

6L . 06 : L8 L8 i1ses Agrednjiiiue) : zzn1

E . . - - umeip G673 a1

E ’ T unds ozn’l

. €L . 58 98 . - p2blog 3se3 °*3ue) 61a7

. - " TYN . paujyden gini

i . Z21IVH 1ses Afrebnjrijua) Lia1

. LS 09 1 44 ’ 09 . 19 19 umeIp da3ag - 9107

- . - : ‘ CUN undg sin’

. - ZIN pabiog umelp daag ¥y In7d

3 8Z - 09 [13] i PoufyIew. €101

- . . ‘ : TIVYN ased Ajgebnjrijua)n - zZin

: : . . umelp daag 1101

) . : - undg - eInl

LE (4% 79 © €9 . : pabiogd papvn1ix3 6007

’ S9 - 1L ve S8 paulyoes gon’

N ) ! R ) ] T¥N ased Ajtebnjyiiva) Lonl

N - . umelp daag 90n1

- X : o . ) : . undsg son7

: ) YL SL - 98 L8 pabioj piam ¥ 1194 v0n7.

. : . : ‘ . ‘ av3d 4§3m071 AQ99 -
. : B . - IIND 43IR0T GSG713m

’ | 21 95 8E .96 95 - 9s pua pasofd umelp daag £0N7

: Sk ) _6E 09 09 PONIOR pPIOD § pUI DPISOYD pPBpPNIIXI ZONT]

o : LT | 24 09 03 pua pasora pspniIx3 1on’
»96¥03 STLVAD ZS6¥CD €TI9¥Q) TTIVAD sZ8al WEAD 791¢ €43  -Tv0E ‘LIND &3M07 TY493INI

: ‘ o : . ‘ ‘ JIUB JaMO] P .Sm sBune13so] "€T-¥ 3qelL




59

08 €6

»96¥AD SILVAD ZS6YQD

69

98 9¢
98

€I9Y@D ZTIVGD SZOAI  WEJ4D

[4:]

9S

T91e

S8

€42

paujyoen

. 1S€D Ajtefnjtijua)

S8 pabioy
GY3H ¥3ddn ¥ ITFINIG IVHOIINI

9SS . p3ulyoew
ised Aglebnjjijuaj
umelp dsag
undsg
" pabiog
dGY3R ¥3ddn
GY3H ¥3ddn Ol Q3IATIM ZUIMIG AINTHOVN-
T OE ‘

aputd Surppuey pue peay ddn a1 103 s3une13se) ZT-F A[qeL

8OHO
LOHD
9OHN

GOHD
YOHN
EO0HD
Z0HD
TOHD

87




5. Summary of Results and Recommendations

An evaluation methodology was used to rank the candidate processes for fabricating a container in
which to store high-level nuclear waste. Section 4.6.2 provides an overview of the ‘evaluation
methodology used to rank the processes. The fabrication processes were judged on performance,
fabricability, and cost and were rated from 0 to 100 based on these three criteria. Figures 5-1 through

5-6 provide an overall summary of the results for each material by showing the performance and
fabricability ratings, and the cost relative to rolled and welded AISI 304. In Table 5-1, the three
criteria are combined via a vector sum, so that one final value is given for each material and process.

5.1, Selection of Viable Processes

Table 5-'2‘ summarizes the results of applying the fabrication selection criteria to the candidate
processes. Not all of the possible combinations of the lower units of the four body and five lower head
manufacturing processes are evaluated, for the following reasons: ‘

e There are no substantial differences between forged, spun, and deep-drawn heads, so they
are lumped into the category of "forged lower heads." ‘

e  All combinations involving a centrifugally cast head with a wrought body were dropped
from further consideration because of the poor rating of these heads in comparison to the
wrought heads. C ‘

e The deep drawing process produces a head, so there is no need to consider any other kind of
‘head when a deep drawn body is available.

Upper Heads

Except for cost, changing alloys has only a small effect on processing the upper heads The ratings for
performance and fabrication of the different wrought alloys vary by smaller amounts than do the
ratings for a single allpy when different processes are being compared. Eliminating the weld by using
an integral process increases both performance and fabrication ratings as illustrated in Table 5-2. The
performance and fabrication ratings for forged, spun, and machined heads are essentially equal. The
ratings for the heads indicate the following order of preference, high to low, for performance and
fabrication: ‘ :

e Forged, spun, and machined.
» Dcep drawn.
» Centrifugally cast.

The lack of cost data in some cases makes it difficult to complete the overall ratings. The available
results of Table 5-2 indicate that the relatively poor performance and fabrication of centrifugal
castings are offsct somewhat by their lower costs. However, the experience in making centrifugal
heads was found to be limited to a single vendor, indicating that there may be insufficient experience
with this component/process combination.

Lower Units

The performance ratings of integral lower units are viewed as superior to those of the welded lower
units. Cold working and anncaling welded units improves their performance but decreases their
fabrication ratings so that there is little difference in the combined performance and fabrication
ratings. When costs are included in these ratings, the spread becomes even smaller. In general, as
performance and fabrication ratings increase, the costs also increase, s0 that the overall rating of the
three primary criteria comes closer together. For instance, the values in Table 5-3 are obtained:
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. Figure 5-5. Lower unit performance and fébricability ratings and relaﬁve costs for CDA 613/952

ALLOY: CDA 613/962 (ALUMINUM BRONZE)
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Table 5-1. Combined rating—performance, fabricability, and cost

Materialg
AISI  AlSI CDA CDA
304L 316L Alloy CDA 613/ 715/
Fabrication Processes CF3___CF3M _ 825 12 952 964 -
Pintle and Upper Head '
Pintle Welded to Head
Forged
Spun ,
Deep drawn o :
Centrifugally cast 79 79 85 81
Machined 80 80 80 91
Integral Pintle and Head : ‘ -
Forged 93 92 90 . B9 :
Centrifugally cast
Machined
Body and Lower Head
Integral ‘ ‘ ;
Extruded closed-end 79 79 74 : 74
Eatruded closed-end cold worked 82 82 77 80
Deep-drawn closed-end 77 76 77 75 75 78
Body Welded to Head
Body Lower Head ‘ .
Roll and weld ~ Forged ‘ 72 7173 - 74
Machined 72. 72 73 66
Extruded Forged 70 70 68 70
Machined ‘ 70 70 69
Decp drawn Deep drawn 67 66 71 67 68 72
Cent. cast Forged 77 77 79
Centrifugally cast 72 72 79 75
Machined 77 77
Welded Cold Worked
Body Lower Head
Roll and weld  Forged 61 61 64 66
Machined 61 61 63
Extruded Forged
Machined
Deep drawn Deep drawn
Cent, cast Forged 68 68 72 .
Centrifugally cast 65 65 72 70
Machined 68 68
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. Table 5-3. Range of rating values for A5 304L lower units

Rating Criteria _High Low __ Difference

. Performance ‘ %4 .38 56
Fabricability - 88 60 28
Performance, Fabricability, L ‘

" and Costs : 80 &4 16

‘Results in Table 5-3 indicate the following ranking of pfocess differences, high to low, for the AISI 304L

lower units and, in general, are refiected by the ratings for the other alloys as well. Differences of one

or two rating points are considered to be insignificant.

Performance and Fabricability

. Integral Units

Extruded closed-end and cold worked
Extruded closed-end or deep drawn
Welded Units

Extruded body

Forged or machined head
Centrifugally cast body

Forged or machined head
Deep-drawn body and head
Rolled and welded body

Forged or machined head
Centrifugally cast body

Performance, Fabricability, and Costs
Integral Units
Extruded closed-end and cold worked
Extruded closed-end
Deep drawn

" Welded Units

Centrifugally cast body
Forged or machined head
Rolled and welded body
Forged or machined head
Extruded body
Forged or machined head
Deep-drawn body and head

Centrifugally cast head

5,2, Issues to be Resolved

The issues discussed below need further clarification to make the fabrication selection criteria more

" accurate. These issues have resulted from discussions with potential vendors, preparation of the
- fabrication selection criteria, and consideration of methods to reduce container fabrication costs.

5.2.1. Centrifugal Casting

Centrifugal casting for making large diameter seamless pipe is a less expensive method than extrusion
or deep drawing. A possible approach is to use centrifugally cast preforms for roll extrusion or deep
drawing to reduce costs and produce a wrought product. For some alloys, Kaiser Rollmet has produced
scamless pipe by roll extrusion of centrifugal castings. This method should also eliminate the concerns
that exist for ultrasonic testing and possible porosity of castings. ‘ '

Centrifugal casting may not be used for all of the candidate alloys, because there is no casting grade
equivalent to Alloy 825 and the centrifugal casting of CDA 122 is not technically feasible.

5.2.2. Uniformity of Closed-End Cylinder Extrusions
The amount of hot work. in the closed-end portion of the extrusion will be less than in the wall of the
container. If roll extrusion is used, the differential will be exaggerated further because the ciosed end

will not be worked during the thinning of the wall. The property and microstructural differences
between the closed end and the wall need to be investigated. ‘ ‘

99




5.2.3. Uniformity of Closed-End Deep Drawn Components

The issue here is similar to that of closed-end cylinder extrusions. The amount of deformation of the

closed end is nil compared to the wall, and the same types of evaluations must be performed.

© 5.2.4. Cold Work and Annealing of Welded Lower Units

Cold working and annealing the longitudinal and girth scam welds, in order to recrystallize them,
produces a more uniform microstructure » welded units. This method offers a means to increase
performance at acceptable costs. The existence of only limited experience with roll extrusion and deep
drawing of welded containers, such as the lower units, requires that the adequacy of this approach be
evaluated further with trials. - - ]

5.2.5. Annealing of Lower Units

Annealing of the lower units could produce unacceptable distortion, residual stresses, and variations in
properties. To avoid descaling after annealing, either a protective atmosphere or a vacuum would
have to be employed. For the austenitic stainless steels, a fast cooling rate to avoid sensitization
should be employed. The evaluation of the annealing practice with regard to these concerns should be
demonstrated with near prototypical containers. «

'5.2.6. Availability of Starting Materials

The Cameron Forge Company was not able to find a source of supply for CDA 102 or CDA 613. A supplier
would have to be found if the back extrusion process and these alloys were selected for the container
lower units. ‘ ‘

5.2.7. Producibility of Materials

To allow a general comparison of the candidate materials regarding producibility by various processes,
Table 5-4 was prepared. This may be of interest to the MT&C technical area. For example, if CDA 122
is chosen, there may be difficulties in obtaining ingots of sufficient size, and in using centrifugal casting.

5.2.8. Advantages and Disadvantages of Candidate Processes

These are summarized in simple terms in Table 5-5.

5.3, Recommendations

B&W recommends that Phase 2 be conducted similar to the original plan discussed in Section 3.
However, B&W recognizes the preliminary nature of the total waste-package program and, therefore,
believes that more processing options should be kept open until the container design and material
selection are better defined. Because of the large potential matrix of processes and materials and
limited funding available, B&W is recommending that the Phase 2 mock-up trials be conducted only for
selected materials to address key issues for specific processes. Table 5-6 contains specific
recommendations for processes, sizes, and materials to be evaluated for the lower unit in Phase 2. Mock-
up fabrication will be limited to confirming process feasibility and assessing the more challenging
aspects of each process for specific alloys. B&W recommends that mock-up trials for the upper head
not be included in Phase 2 since its fabrication can be more routine, and its detailed design configuration
has not been established. ‘

The recommendations in Table 5-6 are an attempt to reduce the work scope to fit an anticipated budget.

Therefore, not all bases are covered for each process, which could lead to generating insufficient
information, depending on which material is finally chosen by the MT&C technical area. For example,
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the plan calls for only one process to produce mock-ups from AISI 304L or AISI 316L. Although
information generated for Alloy 825 should apply, Alloy 825 is somewhat more difficult to work with

than the stainless steel, and problems found with Alloy 825 may not be encountered with the stainiess
steels.

i
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Table 5-4. Producibility of candidate alloys

“Hatﬁrinla
: J04L  316L IN_ GDA102  CDA613  CDA7J15
PROCESS ‘ - . Cr-3 cr-3M 825 CDAl22 CDA952 CDA954
LUOL-EXTRUDED CLOSED-END 1 1 1 B} 5 1
LUO2-EXTRUDED CLOSED END + COLDWORK 141 1+1 1+1 541 54l 141
‘ »

LUO3~DEEP DRAWN CLOSED-END 1 2. 1 T 2, 1
LUO4-ROLL & WELD BODY W/FORGED HEAD B 1 1 1 4 1
LUOO-EXTRUDED BODY W/FORGED HEAD 1 1 1 5 5 1 e
LUL4-DEEP DRAWN BODY W/DEEP DRAWN HEAD 1 1 1 1 1 i
LU19~CENTR. CAST BODY W/FORGED HEAD 1 1 7 ¢ 1 1
LU24-ROLL & WELD BODY + COLDWORK 143 143 1+3 143 443 143
LU29-EXTRUDED BODY + COLD WORK a3 143 1+3 543 543 143
LU34-DEEP DRAWN, WELDED + COLD WORK 143 143 1+3 143 143 143
LU19-CENTR. CAST, WELDED + COLD WORK L 143 143 743 443 143 143

1 - VENDOR(S) CAN READILY PRODUCE

2 - VENDOR(S) POSSIBLY CAN PRODUCE W/SOME DIFFICULTY ‘ 4

3 - VENDOR HAS NOT DETERMINED FEASIBILITY GF COLDWORKING OF GIRTH WELDS

4 - VENDOR(S) CANNOT PRODUCE/OR DID NOT QUOTE

5 - VENDOR(S) COULD PRODUCE IF INGOT SIZE AVAILABLE

6§ - VENDOR CAN PRODUCE WITH NEW EQUIPMENT REQUIRED

7 - VENDOR CAN PRODUCE BUY WITH ALTERNATE CAST COMPOSITION
Example of Code

When cold work is used after a primary process, such as cold working after extrusion of a closed-end container,

 the first digit refers to the first process used and the second to the cold working process. For example, 5+1 for LU02
made with CDA 102 or CDA 122 means that the extrusion vendor could produce it if the proper ingot were
available and the second process vendor can easily cold work it.

e e %
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- 6. Quality Assurance

B&W Research and Development Division's Quality Assurance Plan

A copy of the B&W Research and Development Division's QA Plan for Phase 1 (RDD QA Plan No.
87008) is attached. This plan is made in accordance with B&W Nuclear Power Division (NPD)
specification 09-1427, dated 10/27/75 and PA 83-776195-00, dated 6/12/87. The NPD QA program is in
full compliance with the requirements of the Quality Assurance Criteria for Nuclear Power Plants and
Fuel Reprocessing Plants (10 CFR 50, Appendix B), the Quality ‘Assurance Program Requirements for
_ Nuclear Power Plants (ANSI/ASME Standard NQA-1), and the NRC-accepted NPD QA Topical
Report (B&W Internal Report BAW-10096A, Lynchberg, VA).

QA Approval

To the best of my knowledge and belief, the work described in this report was completed in accordance
with RDD QA Plan No. 87008, Revision 0, dated June 29, 1987.

G. W. Roberts Date
QA Manager

Alllance Research Center
Babcock & Wilcox




- Quality Assurance Plan ‘ , K B ‘Page1of 3

fic 378.1 BUALITY ASSURANCE PLAN

Rev.2 2/87 Mool , . PAGE 1 OF 3 '
cUsTOMsR uclear Products Division QA PROJECT NO. 87008

CUSTOMER QONTRACT NO._817210% _ REVISION 0 paTe -8L29/87

R&DD PROJECT NO..__ 4380

. Nuclear Waste Disposal Container Fabrication
PROJECT __Development - Phase 1 pATE. 3/25/87

IN ACCORDANCE WITH CUSTOMER SPECIFICATION — 091427 DATED10/22/75 ‘
PAB3-776195-00 6/12/87 o

PREPARED BY: T . APPROVED 8Y: (:DF/\
QA ADMINISTRATOR - i ' PROJECT LEADER A

» F. LaCgunt
APPROVED BY: ‘ ‘ APPROVED BY: W
QA MANAGER SUPERVISOR
(€, W. Roberts C. M. Weber

THE SECTIONS OF THE R&D QUALITY ASSURANCE MANUAL DESIGNATED BELOW (8 (AND IMPLEMENTING
PROCEDURES REFERENCED IN THE MANUAL) ARE APPLICABLE TO THIS PROJECT,

SECTION REMARKS

1.0 INTRODUCTION
20 QA PROGRAM : MANUAL REVISION  1/10/85

. 3.0 DESIGN CONTROL ‘

DESIGN REVIEW

INDEPENDENT TECHNICAL REVIEW 1704-03 Dated 2/22/85
CALCULATIONS

COMP, PROGRAMS

PROCUREMENT DOCUMENT .
CONTROL (QA REVIEW) [ | Not Applicable

INSTRUCTIONS, PROCEDURES
& DRAWINGS

DRAWINGS
ROUTE SHEETS
INSPECTION CHECKLISTS
ADMIN, PROCEDURES
TECHNICAL PROCEDURES
DOCUMENT CONTROL.
" ADMIN, PROCEDURES
DRAWINGS
INSPECTION CHECKLISTS
PROPOSAL ,
PROJECT TECHNICAL PLAN
QA MANUAL
QA PLANS
ROUTE SHEETS
FINAL REPORT
TECHNICAL PROCEDURES
RELEASE OF DATA

Ooxa000

1702-02 Dated 12/3/8%
1702-03 Dated 2/12/87

DCEROEE08008
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HC 378.2 QA Project No. 87008 PRev. 0 Date 6/29/87

AEV. 2 2/87 Nuc. Waste Dispos  Container

QA PLAN — PAGE 2 OF 3 pROJECT . Fabrication Dev, - Phage 1 OATE_3/25/87
SECTION REMARKS

: 7.0 CONTROL OF PURCHASED MATE-
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