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ABSTRACT

Advanced Nuclear Fuels Corporation's'-' approach
and experience with the application of a flex-
ible, just-in-time manufacturing philosophy to
the production of customized nuclear fuel is
described. Automation approaches to improve
productivity are described. The transfer of
technology across product lines is discussed as
well as the challenges presented by a multiple
product fabrication facility which produces a
wide variety of BWR and PWR designs. This paper
also describes the method of managing vendor
quality control programs in support of standard-
ization and clarity of documentation. Process
simplification and the ensuing experience are
discussed. Prospects for fabrication process
advancements in the nineties are given v.'ith
emphasis on the benefits of dry conversion of UF5
to UO2 powder, and increased use of automated and
computerized inspection techniques.

INTRODUCTION

Advanced nuclear Fuels Corporation (ANF) is
a wholly-owned affiliate of Siemens Capital
Corporation. AfiF has now completed IG years of
services to utilities with nuclear power plants
in the USA, Europe, and Asia. The Company
started with experienced individuals, and with-
out takeover of an existing organization built up
an organization with about 1,000 employees to
supply fabricated fuel for BWRs and PWRs. ANF's
emphasis on quality and technical innovations,
which offer substantial value to utilities, has
led to ANF's fuel being utilized in 41 reactors,
including 21 PWRs and 20 BWRs. On the basis of
firm business in hand, the number of reactors
having operated with ANF fuel is expected to rise
to over 45 within the next few years.

KUCLEAR FUEL FABRICATION

ANF operates a fully integrated fuel fab-
rication plant in Richland, Washington, in the
northwestern USA, and a fuel rod fabrication and

assembly facility
Germany.

in the Federal Republicc of

*Previously known as Exxon Nuclear Company, Inc.

The Richland plant is unique among fuel
fabrication facilities in the United States in
that, fror,-, inception, it has produced both BWR
and PWR fuel. This has led to the fabrication of
over 20 distinct fuel designs, ranging fron the
earlier 6x6 SWR assemblies to the latest 17x17
PWR assemblies with optimized high water frac-
tion designs.

U. S. OPERATIONS

At the U.S. Plant the production process
starts with, conversion of enriched UF5 to UO2
powder and includes pel let izing, roci loading and
assembly. An extensive inspection and quality
control program is in place which assures con-
formance with extreiTiely tight ANF tolerances and
with a highly demanding, NRC-nonitored, quality
assurance program. The fabrication facility in
Richland is capable of producing OV--.T 700 metric
tons uranium per year. The fabrication plant is
sufficiently flexible to allow fabrication of
BWR and PWR assemblies in a wide range of
configuration-;- in any sequence desired, and
includes gadolinia burnable poison manufacturing
facilities, supporting analytical labs, and com-
puter assisted manufacturing control activities.
Engineering offices and RS.C facilities are lo-
cated at the same site, all owing close comruini-
cation and integration with manufacturing activ-
ities. As of September 1987, the Richland Plant
will have fabricated 1,500,000 fuel rods and over
11,500 fuel assemblies.

EUROPEAN OPERATIONS

The ANF business activities in Europe are
coordinated through Advanced Nuclear Fuels Inter-
national, Inc. (ANFI), with offices in Brussels,
Belgium. Advanced Nuclear Fuels GmbH (ANFGmbH),
a wholly-owned subsidiary of Advanced Nuclear
Fuels Corporation, operates a nuclear fuel fab-
rication plant in Lingen, the Federal Republic
of Germany. Since its startup in 1979, this facil-
ity has produced about 500,000 fuel rods fab-
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ricated into about 3,000 fuel assemblies uti-
lized in 12 European nuclear power plants. This
facility, with a current capacity of approx-
imately 30G metric tons uranium per year, imple-
ments and uses the latest fabrication and quality
control techniques developed and utilized in the
U.S. faciliiy.

FLEXIBILITY IN KAriUFACTURIIIG

The advantages of fuel production in a
multi-product, flexible facility include the
cross-transfer of technologies and ideas, which
result from rotation of 3WR and PWR design and
production personnel. Examples are: adaptation
of the axial blanket design from BWR to PWR fuel,
and the introduction of gadolinia burnable poi-
son in PKRs, designs for removable upper tie
plates, and use of bimetallic spacers in PWRs.
In reverse, the transfer of pressurization tech-
nology to BWR fuel rod fabrication and the
implementation of improved safety analysis meth-
odology for 3WRs was facilitated by the close
proximity of PWR experience.

Another advantage of the multi-product plant
is the flexibility which allows the design and
fabrication of fuel which is closely matched to
the operating requirements of the individual
customer. In addition, both the broad range of
production experience and the design of fabri-
cation equipment have combined to allow rapid
introduction of new fuel configurations with
minimal negative impact on production.

Along with the competitive benefits of a
flexible product line, there are a number of
challenges which accompany product flexibility.
These include:

• Timely and accurate transfer of information
between organizations during the planning
phases of fabrication projects;

• Control of inventory;
0 Accurate scheduling with rapid feedback of

production status;
0 Control of quality;
0 Innovative design of work station equipment

and tooling to allow rapid changeover be-
tween product lines;

" Efficient machining of small lots with
tight tolerance and complex parts;

° Effective personnel utilization.

TRANSFER OF IflFORf".ATION

The initial planning of a project involves a
number of organizations including Marketing,
Fuel Design, Purchasing, Quality Control, Pro-
duclion Control, Engineering, and Manufacturing.
The flow of information between organizations is
assured through the use of a tightly controlled,
formal routing and sign-off system for the var-
ious design documents such as product specifi-
cations, parts lists, and design drawings and
other documents (up to 42 documents for a typical

reload). This routing system is under t de-
control of full tine project coordinator?! ,.ith
the responsibility for 'laintaininc review -̂'i
sign-off schedules in relation to the fdlrica-
tion schedule. A computerized, online ;:•;•;?ioct
management program is used to schedule .me! -.rack
the overall project.

CONTROL OF INVENTORY

Approval of the finr.l , :r*s ii^t •...>• ;,
project (generally 12 r.onths prior to start oJ<
fabrication) establishes a coupon data base
consisting of the 75 to 100 parts and sub-
assemblies used in the fabrication of a typical
ANF fuel bundle. A computerized Manufacturing
Resource Planning (MRP) system introduced in
19S3 has proved to be an invaluable tool for a
multi-product plant manufacturing integration.
Program modules from this system are used to plan
and track tha procurement or fabrication of 4,500
different items, sourced in Europe as well as the
U.S.

The detailed materials planning and control
modules, along with the purchasing and bill of
materials modules have been combined to signifi-
cantly improve hardware availability and allow
the application of just-in-tire inventory mate-
rials. This has resulted in an increase in
inventory turnover rates. Rates of six turns per
year, as compared to a U.S. industry-wide average
of approximately three turns per year, are being
achieved.

SCHEDULING AMD PRODUCTION FEEDBACK

Computerized control in other areas such as
Process and Routing 'PRS) and Shop Floor Control
(SFC), have provided significant improvement in
scheduling of the fuel fabrication and in-house
component machining and assembly operations.
Computer-generated manufacturing order/follower
cards are issued to the shop to initiate the
fabrication sequence. In addition to identify-
ing the material being processed, a follower card
identifies the sequence of process and inspec-
tion steps to be followed, as well as the
equipment to be used and the job specific tool-
ing, and acknowledgments that the steps have been
completed.

Work completed on a project is updated in
the Shop Floor Control computer program by manual
batch data entry, through centrally located
computer terminals. Keys to flexible manufac-
turing are rapid dissemination of accurate data
and ease of data collection. The Rod Serial-
ization System, one of three ANF developed data
collection and processing systems is presently
in the final phases of implementation. A feature
of Rod Serialization is the recent addition of
bar code reader terminals at each workstation in
the Richland fuel rod fabrication and bundle
assembly areas. These terminals allow real time
update of Shop Floor Control by the station
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technician. This latter system, along with the
recently completed Bundle Assembly Data Logger
system, are designed to record the progress of
individual fuel rods and assemblies through the
shop.

The Bundle Assembly Data Logger system,
working from a computerized bundle loading pro-
gram, prompts the machine operator on the correct
order of selection for each fuel rod type used in
an assembly. Upon an initial read of each rod's
bar coded serial number, the status of the rod is
checked to determine that it has been released by
Quality Control for assembly, that the number is
not a duplication, that it is the correct part
number, and that it has been selected in ttve
order called for in the assembly sequence. A
second check is performed immediately before
insertion of the rod into the bundle to verify
the initial reading and that the rod order has
not been altered. X-Y position transducers
provide feedback to the computer of the inserted
position and a real-tine printed record is made
of rod serial number and rod location witlnn the
bundle. On completion of a bundle, a complete
map is printed for QC records and the nuclear
materials accountability system is automatically
updated through the computer link. The flex-
ibility of Bundle Assembly Data Logger system
allows rods to be assembled in any pattern or
order selected at the start of a project. Both
PWR and BUR designs are easily accommodated.

A third project, Container Serialization,
will provide computerized, real time tracking of
uranium containers from the receipt of UF5 cyl-
inders entering the plant until the uranium is
loaded into fuel rods. These systems, which rely
on reading of bar codes attached to.the materials
as they enter and leave a workstation or storage
location, are capable of providing data on mate-
rial location.and type, processing history, and
release status. The latter three systems also
have provisions for control of deviant material
and can determine whether serialized components
match the parts list callout for an assembly or
subassembly being fabricated at any workstation.
Failure of components to match properly causes a
station alarm to notify the operator to shut down
processing until the mismatch is corrected.

Each of these three systems is designed to
minimize shop labor for collecting the three to
four million data entries formerly recorded
manually each year. Highly accurate bar code
label readers are used wherever possible to speed
data entry.

QUALITY CONTROL

The Quality Control program at ANF requires
extensive inspection of numerous components pro-
duced in^houja OP procured offsite. Some compo-
nents', i.e., H e plates, spacers and pellets,
require 100Ä inspection of key attributes. In
order to meet the inspection requirements of the

plant, an inventory of approximately 5,000 gauges
is maintained. Nearly one-fifth of these gauges
are functional gauging, an inspection technique
which efficiently determines the dimension accept-
ability of a feature or set of features without
direct measurements.

The basic types of functional gauging used
at ANF are as follows:

Go-no-go pins;
Computer-generated templates;
Ring gauges;
Gauging for compatible reactor interface;
Gauging for specific features on such items
as tie plates, spacer grids, leaf springs,
end caps, etc.

A computerized gauge inventory system has
been developed at ANF to identify functional
gauging for each job. This system also has a
time-in-use feature which tracks each gauge and
provides notification of reinspection dates.

QUALITY CONTROL OF PURCHASED PARTS

ANF's product specifications have consist-
ently imposed stringent quality requirements on
vendors, and one of these requirements has been
to prepare an inspection and test plan for
purchaser approval. However, during 1983 ANF
determined that many vendors were having diffi-
culty complying with the inspection and test plan
requirement. Further, with a large number of
procurements involving a variety of component
designs, it was not an easy task to monitor
submittal and approval of these plans. The
decision was made to prepare inspection and test
plans for each component, maintain them in a
computer file, and provide then to vendors via
the component purchase order.

The plans are maintained in the computer and
are easily updated as changes are needed because
of drawing or specification changes. The plans
are called up on the CRT screen and the change is
simply entered; the revised plan is then approved
and issued. Changes requested by the vendors are
implemented in a similar manner.

Instructions for use of the plan are includ-
ed in each purchase order. The instruction
normally used is shown in an attachment to the
purchase order. As specified in the instruction,
the vendor may propose alternate inspection
methods for approval.

ANF's experience to date with the computer-
ized vendor inspection and test plans has been
very positive. Vendors have become very accus-
tomed to their use and found that it greatly
reduced problems in establishing vendor inspec-
tion and test plans. Receipt inspection person-
nel are now receiving an acceptable inspection
record.from the vendor, in a consistent format,
and have experienced a significant reduction in
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problems related to reviewing the vendors in-
spection data.

Each purchased component has an ANF-approv-
ed inspection and test plan for use by the
vendor. In the past, vendors performed inspec-
tions as required by the purchase order, but were
inconsistent in preparing formal plans for ap-
proval .

Vendor inspection records are more complete
and understandable. ANF plans that ai e used as
the form for inspection records guide the vendor
on what is expected, and therefore improve the
chances of the vendor providing an acceptable
inspection record.

The vendor's inspection methods ore as
consistent as possible with those to be utilized
by AliF during receipt inspection. Proper imple-
mentation of the agreed upon methods results in
acceptable product quality, and few vendor/
receiver differences.

The vendor's confidence is improved t;;at
components will be accepted by AVI. ANF advises
the vendor of preferred inspection methods, and
proper utilization of these methods by the vendor
assures that components will be acceptable for
use.

Receipt inspection efficiency is improved
because fewer problems need to be resolved con-
cerning the vendor inspection record. Also of
major importance is the improved efficiency in
preparing the receipt inspection record. In
order to provide a detailed receipt inspection,
ANF's previous practice was to record various
inspected characeristics on an inspection re-
port. Now, the characteristics are always listed
on the computerized inspection report received
from the vendor. Recording of characteristics is
not required as the inspector only needs to check
off whether Receipt Inspection found the char-
acteristics acceptable or not. The number of
inspection records is reduced as both the vendor
and ANF record their inspection results on the
same form.

The inspection plans all show the methods
and equipment to be used, therefore providing
efficient guidance for both the vendor and ANF
inspector to' use in preparing for inspection.

Using the computerized inspection and test
plan for the vendor's inspection record allows
ANF to control the reproducibility of the inspec-
tion record. LegibiIity problems are minimized,
and the inspection record represents a complete
and reproducible record of characteristics in-
spected.

One of ANF's main objectives is to produce a
quality product which meets with customer satis-
faction. The manner in which this is done must
also strive for clarity and traceabiity in line

with customer requirements. Naturally, an in-
spection record that presents the methods of
inspection along with vendor and ANF inspection
results in a concise and easy to audit manner is
preferred by the customer.

WORK STATION DESICN

In addition to the challenges of main-
taining effective communication between organi-
zations, establishing accurate schedules, man-
aging inventory and streamlining the transfer of
data, the multi-product plant demands careful
consideration of workstation design, station
layout, material flow and tooling design.

A flexible manufacturing operation gener-
ally requires greater capital investment for
equipment per unit of product than operations of
more limited variety. The choice is between
multiple, single-product lines or fewer, more
complex workstations, capable of handling the
full range of products. The latter course has
been chosen by AfiF, driven to a large extent by
the high cost of additional shop floor space,
built and operated to nuclear industry stan-
dards. Multiple use of floor space, i.e.,
operating personnel access, material handling
and queuing room, and maintenance access is the
standard.

Aside from processing some 80 • separate
uranium enrichments annually,- the impact of a
mixed BWR-PWR product line is minimal in the
chemical conversion end of the UO2 plant. Vari-
ations in pellet size and rod dimensions exercise
a major influence on operation of the pellet
fabrication, rod fabrication and bundle assembly
areas. As an example, ANF maintains an inventory
of press tooling valued at over one million
dollars to accommodate 135 variations in pellet
configuration. Management of this pellet tool-
ing inventory, as well as tooling required for
the rod loading and welding, spacer fabrication,
and bundle assembly workstations requires a sys-
tematized approach. Tooling requirements are
first identified by the Methods Engineering
organization during the formal design document
review previously discussed. Control numbers
assigned to the tooling are identified in the
computerized resource planning system. These
data are used to generate a tooling pick list,
through a separate equipment resource management
computer system, and the list is issued to
manufacturing prior to the start of each fabri-
cation project.

IIACHIIUMG CAPABILITIES

ANF maintains its own in-house machine shop
to fabricate or complete fabrication of critical
components. Extensive use of numerical control
equipment provides manufacturing flexibility,
rapid switchover between various part designs,
efficient machining of complex designs, and a
high degree of precision.
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As an example of complex designs with tight
tolerance requirements, the various tie plate
configurations have numerous features which must
be maintained within 0.002 inch. CAM (Computer
Assisted Machining) is combined with the use of
functional quality control gauging to efficient-
ly manufacture these parts.

PERSONNEL UTILIZATION

Support of multi-product manufacturing re-
quires a high degree of operator cross-training
on multiple workstations. Over 70% of AMF's
production personnel are trained on five or more
workstations. The flexibility afforded by a
staff of highly trained, multi-ski 1 led operating
technicians allows movement and concentration of
manpower to compensate for variations in work-
station throughputs and alternative product
flows. As an example, the ANF process >"or
fabrication of BWR fuel rods calls for chemical
etching and autoclaving of rods before inspec-
tion and assembly into bundles. PWR production
does not include these process steps. Thus,
during a predominantly PWR product schedule
personnel normally used for etching and auto-
claving BWR rods can be utilized in other opera-
tions such as rod loading and tube cleaning.

Flexibility in work assignments has the
added benefits of work force economy, providing
stable employment, and decreasing personnel turn-
over. Job content and interest are also higher
with multiple station assignments.

Both opportunities and challenges are pre-
sented by a multi-product BWR-PWR manufacturing
operation. The benefits are technology trans-
fer, closely tailored fuel designs, and rapid
response to product changes. The challenges are
innovative equipment designs, cost control, staff
training, and maintaining a responsive communi-
cation system.

LICENSING AND ENVIRONMENTAL CONCERNS

Increasing public awareness of the poten-
tial environmental impact of hazardous wastes,
real or imagined, has resulted in an increasingly
demanding regulatory atmosphere, typified by
increased regulations concerning the acquisi-
tion, storage, use, and final disposition of the
controlled materials. This applies to normal in-
dustrial chemicals and byproducts as well as low
level nuclear waste. ANF process designs empha-
size recycle streams in order to reduce or
eliminate low level radioactive process waste.
This has many advantages. The most significant
are a reduction in the actual uranium lost, or
requiring secondary recovery processes, and the
ability to discharge to the sewer eliminating or
reducing the regulated materials.

The ANF recycle process uses ion-exchange
to recover the uranium from the process water.
The process water is then discharged to a covered

holding pond from which the amnonia is recovered
and recycled as feed to the UF5 to UO2 conversion
process.

Systems are also in place to recover uranium
from evaporation lagoons that were used to store
process waste water prior to the installation of
the process water treatment equipment.

AUF also believes that there are still
opportunities to reduce losses and/or to reduce
the bulk of the solid wastes generated in the
normal course of manufacturing fuel. ANF is
currently installing incineration equipment to
reduce the bulk of this waste and to simulta-
neously dispose of hazardous chemicals within
regulatory guidelines. Concurrently AUF is
developing ash leaching processes that will
recover the contained uranium.

ANF has maintained airborne contamination
as low as reasonably achievable. This has
resulted in average airborne concentrations of
5.4 x 10"^2 uCi/ml which is far below both
current and proposed exposure regulation limits.

PROSPECTS FOR IMPROVED PROCESS TECHNOLOGY

Dry Conversion

AUF has developed a dry conversion process
for converting uranium hexafluoride into ceramic-
grade uranium oxide powder, which has several
advantages over other dry processes. The process
has been under development for the past five
years, and has been successfully demonstrated in
a pilot plant and a near full scale production
unit. The final phase of our development activ-
ity is the irradiation of statistically signif-
icant quantities of pellets produced from the
process.

The feasibility of this process was demon-
strated in 1983. Fuel rods, both full length and
segmented, containing enriched dry conversion
pellets have been assembled and are being ir-
radiated in five commercial reactors.

The dry conversion process is expected to
totally replace the existing Ammonium Oiuranate
(ADU) process. Dry conversion not only provides
the advantage of eliminating an aqueous waste
stream, but tests indicate the product has less
lot-to-lot variation and yields a product with
better physical characteristics and improved
pellet qualities. The dry conversion waste
stream consists of a concentrated hydrofluoric
acid which is suitable for reuse.

The principal process improvement is the
improved lot-to-lot uniformity of the dry con-
version powder which may allow pressing and
sintering parameters to be fixed as opposed to
the current practice which utilizes lot specific
process parameters, thus eliminating or min-
imizing expensive and time consuming lot char-
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acterization tests.

Ceramics and Fuel Assembly

Demand for fuel designed for higher and
higher burnup will add more stringent require-
ments. Process and manufacturing technologies
are being developed to meet these challenges.

Reprocessed Uranium - tiixed Oxide

Fuel manufacturing facilities incorporat-
ing capability for processing mixed oxide and/or
reprocessed uranium will be required for coun-
tries which opted for fuel reprocessing.

liaste

Continued emphasis will be placed on con-
trolling waste effluent including recycle and
rework.

HANUFACTURING TECHNOLOGIES

Flexibility in Manufacturing

Continued emphasis on multi-product lines
is anticipated.

Inventory Control

Just-in-time material control and the in-
corporation of computerized scheduling of shop
floor material routings is expected to continue
at a greater level.

Quality Control

Significant improvements are anticipated in
automation and computerization of inspection
techniques, including the use of real-time de-
vices with rapid feedback-loops for control of
processes.

Automation

Fuel manufacturing plants of the nineties
will incorporate a high degree of automation
while maintaining flexibility with the goal of
producing a consistently high quality product at
a competitive price.

Personnel Utilization

The utilization of plant personnel in a
highly-automated and computerized manufacturing
operation offers great challenges. The training
of personnel to meet the needs of more highly-
automated and computerized operations can, and
will, be accomplished.

Prospects for the nineties indeed appear to
be challenging with great opportunities for
nuclear fuel manufacturers. The market place
will continue to be extremely competitive, de-
manding a high quality product at a competitive

price. With the recent advances in fuel fabri-
cation techniques and planned future commit-
ments, significant advances are anticipated in
the fuel manufacturing business that will con-
tinue to meet the needs of the nuclear utility
industry.

BIBLIOGRAPHY

1. A. REPARAZ, W. E. STAVIG, R. B. KcLEES,
"Flexibility in Fuel Manufacturing," IAEA-SM-
288/31, Presentation to IAEA Symposium on Im-
provement in Kater Reactor Fuel Technology,
Stockholm, Sweden, September 15-19, 1986.

2. E. R. MARX, "Improve Vendor Inspection
Planning and Receipt Inspection Efficiency -
Provide PI ens with Use of a Computer File,"
January 2, lfj£f.

479


