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QUALITY ASSURANCE IN THE ANTARES LASER
FUSION CONSTRUCTION PROJECT

Walter H. Reichelt
antares Operations Manager
Los Alamoa National Laboratory
P. 0. Box 1663, MS E532
Los Alamos, NM 87545

VIASTFR
ABSTRACT

The Antares COo laser facility came on line in November 1983 as sn ex-
perimental physies facility; it is the world's largest CO, laser fuaion
system., Antares is a major component of the Department of Energy's Ipertial
Confinement Fusion Program,

Antares is a one-of-a-kind laser system that is used in un experimental
environment. Given limited project funds and tight schedules, the quality as-
surance program was tailored to achieve project goals without impoaing oppres-
sive constraints. The discussion will review the Antares quality uassuralce
program and the utility of various porticns to completion of the project.

INTRODUCTION

The concept of using high energy light pulses from laser aystems to drive
tusion reactionr. dates back to the early 1960s. Experimental feasibility of
fusion became possible in the late 19608 and early 1970s when the development of
large, scalable nolid state and gus luser systoms demonstratcd big machines were
a reality., A generic laser syostem for experimental f{usion upplication is shown
in Figure 1. A pulse ouf light approximately one nanosecond long is creat~r in
the short pulse generator. The onergy content of this light pulse is er .ificd
many orders of magnitude as it pavses through a wories of light amplil_c¢rs, The
main power amplifier, generally, represenls the mou. recent otante-of-the-art
configuration. After amplification, the pulue is dirocted into a target chambur
where it is focured on the target. The three subsystems, ushort-puluse generator
and preampliflers, power amplifiers and target usysiem, are ustand alone itema.
These ar2? integruted intn the complete laser system by the optical and control
subsystoms,

In a simplified deacription, laner.initinted fusion 1n produced by cempres-
ging and heating a Liny pellet containing deuterium and tritium tuol. The pel-
Lot are tiny glass microballoons n millimeter in J ameter for oxperimento;
larger pelleto, nbout a cuntimetor in diametor, would be used in commercial

power reactors.




(-,

In the target chamber, the microballoon targets are struck by focused las®
beams, causing the inner shell ot the target to implode and compress the fuel,
This compreassion must heat the fuel to at lemst 50 million degrees and must com-
press it to densities a thousand times greater than normal, all within tril-
lionths of a seacond, before the target ard its contents fly apart. Because the
reaction is contained by the inertia of the target, the process is called iner-
tial confinement fusion.

THE ANTARES SYSTEM

The Antares system represents the fourth generation of large, high energy,
carbon dioxide gas lasers developed at the Los Alamos National Laboratory for
fusion applications. As with development programs elsewhere, the initial
machines were relatively small, simple devices to provide proof-of-principle and
served as prototypes for future machines. The Antares facility shown in'
Figure 2 is the culminetion of a fourteen year effort in large CO- gas lasers
at the Laboratory; it was a Congressional line-item comstruction precject author-
ized at $62.5M. The laser hall housing the power amplifiers is lne high bay to
the ieft rear; the bunker-like building to the right is the target building.

Antares is designed to provide 30-40 t:rawatts of 10.6 m light on target
with twenty-four beams in a one nanosecond pulse. Two power amplifiers]
(Figure 3) provide the required output energv levels; each amplifier is sgeg-
mented intc twelve channels. The typical output energy from an amplificr con-
aists of ap annular array of twelve traposcidal-ghaped pulses, A burn pa’'’~rumj
on photographic paper from the amplifier output is shown in Figure 4. The power
deposited in the photographic paper is 12 terawatts with one terawatt per sac-
tor. In the target system (Figure 5), an array of flat und focussing mirrors
separate the twenty-four beams into six groups of four beams cach to irradiat
the target symmetrically,

The oarlier laser systems, much smaller uand less costly, weru primarily R+D)
efforts und required a minimum of quallty uaussurance (Q.A.) in their construe-
tion. flowever, the funding nature of tho Antares project and its complexity
dictrtod that we employ appropriate Q.A., measures to cnaure o reasonable end|
pruduct. The carlier projects did contain critical c¢lementa of qualiiy uassurd
ance alithough not in name and furmal structure,

monts - all requiring different emphosis in Q.A. In Antares, for cxample, consl:

Antares 1o a complex array of technical disciplinos, denigns and prncuru}
for procurements were divided up approximately an follows:

Range Vendorn Couto
Groater than AN 8 A
Nelwoan $100K ond $'M 40 LOM
Lans than 100K 200 10M
There procuroments repronanted a broad npectrum ol engingering and aciend
Uifle dluciplines: phyvican, mechanicul onglnoering, optical and wlectrical
onglnoering, ote. A formal organiintion was required In order Lo cnoure that

Lhe product, n laner syntem, would peortorm to specitications when put toguther.
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THE ANTARES PROJECT ORGANIZATION
AND QUALITY ASSURANCE

Successful Q.A. depends on a well established project system, one in which
lines of responsibility are clearly defined as well as pctential interfaces.
The Antares Project format is shown in Figure 6. The format represents the
first level of a aystem work breakdown structure (WDS); elements are thos=e of
the system, shown in Figure l: front end, power auplifier, target system, opti-
cal system, etc., The support functions such as scheduling, documentation, and
quality assurance are attached directly to the project office. The buildings
were constructed by the Department of FEnergy who was responsible for their
Q.A. Our project facility engineer played an important role in ensuring that
technical requirements were folded into building construction.

It is generally recognized that the Q.A. function should be independent of
project management; the function is that of amn indepundent auditor. The con-
struction of such a specialized onu-of-a-kind Zacility is often closely tied to
concurrent development activities as well am constraints of funding and
schedule; speciualized kumowledge in these one-of-a-kind facilities is required
cven in the Q.A. function. All of these factors dictated that the Q.A. function
be performed within the Project and as independent of the various sys.ems and
engineering functions as possible. While not optimum, this system wor:ed well

when technical personnel understond that their rercponsiblities were not comprom-
ised.

The project format, by WBS, clearly defined sysiem respomsibiiities, inter-
faces, and support functions. Various system ac i1vities that i{wmpacted other
gystems were clearly visib.a; control and communicat ons, a vital part of Q.A.,
were enhanced.

THFE _ANTARES QUALITY ASSURANCE PLAN

The Los Aluamos National Laboratory Yws established qualily assurance pro-
grums for high technology projectn 'hat have been developed over a number of
Years ., These progrnms detlail 4.\. functions and recuirements for the moat
gencral projects undertuken by the Lahorastory, Antares i3 without uignificant
exotic operational lhazarda suvch no those that might be encounterued in experi-
mental or commerciul reanctor facilitles; conventional usfely practices are n
concern, Development fucilities where stale-of-the-art changes represents a
fluld conntruction ostate. Inforwntion is conutanlly upgraded from opernting
nyntemn; usignitlicant changen take place. Conaequuontly, the general @A, plun
wan Lailored to it the perceived needn of the project The Q.A. lunction ro-
dided in the Project office becaune of the dpecinlived knowledpge requiromentis,
The Laborntory groups reaponsible lor the general . A. plauning proceuss provid-
od the puldance necemaary tor amplementation and contirustion of the erfort.
The Antaron Plan index is shown in Lhe Appendix,

CHITICAL ELEMENTS OF "lE Q.A. PLAN
Not all clementn of a Q.A., plan are crestod and remain oqual {0 importnnce;

hucceenn of the plan, depends en cortain clementn more than others.,  1n the
Antaren plan certnin olements proved more critical than did others, 0f course,
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amwork and good communications, although not listed on any Q.A. index,

abaolutely necessary for the success of the Q.A. function and to the successful
completion of any project.

We observed that the following elements of the Antares plan were essential
for the success of the program. The quoted sectiors denote text from the plan.

l. Establishment ol quality control (Q.0.) plan and office:

"2.2.1 Establishing a Quality Control Representative
who reviews inspection requirements, purchase
orders, inspection reports, etc., to aasure
that necessary quality control requirements
are moet. Thisa is implemented according to
Quality Control Plan for Antarea, AN-PD-2."

This function was one of the most critical. In establishing the Q. C.
function within Q. A., a formal means was established to assure that
specifications were met. This function was closely related to the in-
spection preocess; Q. C. was used not only to establish requirements but
also to see that they were met.

2. Safety Policy:
’

"2.00 The general health and safety policy of the
laboratory is to provide a working environment
for its employees in which tne standarda for
health and safety equal or cxceed the righest
industrial practices. Particular emphasis
will be givexz to the protection of Laboratory
employeesa, the general public, and the en-
vironment from any harm which could arice from
Luboratory activities us well as to the pro-
tection of government property from accidental
loss or damage. To meet these objectives, the
Laboratory provides a staff of health and
safety professionals together with the neces.-.
sary training and resources to ensure compli-
ance with all applicable policies, codes,
standardos, and regulations. The Antares Proj-
oct Office shall be responsible for the estab-
lishment, implcmentation, and mointainence of
an effective hoalth, wsuafety,und environment
program for nll fucilties and activitlea under
thelr control. All Laboratory personnel are
respongible for maintaining the risk of their
nctivitios nt the loweat levels Ltcecbnically
and oeconomically achievable, and tor obnerving
tha JLaboratory's health, aatety, and cnviron-
mental  requirements in the conduct of all
Laborntory ovperations and progrumu."
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While safety may not generally be included in the Q. A. function, i
does appeer here. In addition to delivery as a final product we had to
assure that safety considerations were a part of the design, fabrica-
tion and installation. Standard Operating Procedures coupled with safe
handling fixtures pemmitted assembly of a satisfactory product with
minimum safety problems.

A formallzed method of review and signoffs:
"2.3.2 Drawings

2.,3.2.1 Engineering Order Documents (EOD's) shall be
used to initiate drawings in Group P-12.
EOD's shall be approved by the requester,
subsystem manager, system manager, and group
leader.

2.3.2.2 Drawings shall te appioved by the P-7, P-11,
or P-12 Group Leader as appropriate, the
concerned Engineer, the appropriate system
manager, and any interfacing system' man-
agers, CHMB-9 will not review or approve
drawings, except as specifically re- iested.

2.3.2.3 All design changes shall have the same ap-
proval as the original design oxcept as
limited by Section 2.8. Englneering Change
Orders (ECO's) ohall b~ used to initiate
design changea within roup P-12 and shall
be approved Ly the P-17 Group Lecader, Lhe
checker of the drawing(:. involved, and the
originatiug enginonr."

2.5.3 Inter-Syotems Approvals

The interfacing of designs, tests, operation
and maintenance actions affocting more than
one system shall be approved by the Syntema
Integrator, uffected System Managers and
CMB-9 and nhall be documented on Fomrm
AN-IF-1.

2.5 .4 Dosign Control

Demizn  control wshall be accomplished by
kceping the design current, wilh approvala
for dosign oatisfying Lhe requirements of
Section 2.3, The nome requiremenls lor ap-

provals shall apply to dewign changen as Lo
the »riginal dewsipgn.”
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Drawing and change control were very important from the fabricatidth
proceas and delivery schedules. We found that requiring approvals,
sign-off by affected persons minimized errors. Critical to succeas of
this process is the project attitude (team effort).

4. Source Selection and Acceptarce Testing:
"4.2.2 On-Site Survey

Technical, Q.A., and MAT personnel may par-
ticipate 1n an on-site survey of prospective
suppliers to determine technical, Q.A., and
contractual capabilities of the supplier as
required. Reports srall he formalized and
submitted by each contingent of the survey
team to Antares management.

4.3 Acceptance Testing and Incpection
4.35.1 Optical Componentsa

Acceptance testing and inspection of optical
components shall be specified on the purchase
request draft by the requester and shall bYe
performed and documented by Group P-%5 or ar-
other specified organization.

4.3.,2 Non-optical Components

Acceptance testing and 1inspection of non-
optical componerts shall be specified in amn
approved plan or on the purchnse request draft
by the requester, if necessary, This ahould
be considerably detuailed and will be included
in the Procurement Procedure. Accuptance
testing and inspection shall be accomplished
at the inspection shop or another :upecified
facility.

9.1 Inspection

Whenever it is necessary Lo verify that qual-
ity affecting items nr services are in rompli-
ance with specified requirements, an inapec-
tion ghall he planned, c¢xecuted, nnd docu-
mented. Characteristica to be innpected and
inspection methods cmployed ahall be speci-
fied, When Lnopection is for the purpose of
acceplance of itema or gservices, Lhe
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inspection shall be performed by individuals
who did not perform or directly supervise the
work being inspected. Neither will they be
responsible to the immediate supervisor who is
responsible for doing the work. The personnel
performing the inspection shall be qualified
to perform the assigned inspection. The qual-
ification of all such personnel shall be docu-
mented.”

Source selection was done primarily by the cognigan:t engineer or scien-
tist by competitive biddirg. On-site inspection of capabilities served
to minimize inadequate sources. Commercially available items generally
presented no problems other than delivery times. All commercial j.tems
were procured against specification,

Optical comporents were manufactured to tight specifications with se-
lected vendors. Q.A.,, in this case, demanded tight specifications,
technical monitoring and quality control. We found it advantaseous to
interface heavily with the vendor. Component inspection and inspection
reports were reviewed at the vendor's facility before shipment; such
procedures corrected mistakes before delivery. This action saved con-
siderable time and frustration in that on-site nonconforming items were
minimized.

Straightforwurd mechanical and electrical fabrication presented little
problem in source selection and acceptance testing. Progress and docu-
mentation was generally monitored by the cognizant engineer. However,
in a system like Antares there are a great many precizion parts: 1lead
screwa, gear trains, flex-joints, etec, Satisfactory vendors for such
components are limited; here, the cognizant ongineer made the source
golection and monitored technical progress. Final incpection at the
vendor's plant and additional checks at the Laboratory were performed
by the project Q.C. group operating independently.

[dentification and Control of Itcma:

"6.0 To assure that only acceptable items ure used
or installed requires that molhods be employed
for the identification of all items. The in-
dividual and distinctive identification of
aach 1tem will beo physically on Lhe itom when
ponaible . When thia ia not possible, docu.-
mentation nhall exist that is directly trecoe-
nble to the itum and which provides it's dia-
tinctive identification, This documentation
shall include c¢rosu-reference belween purchase
ordoer numbers anua nart ov serial numbera. Tho
items without physical identitication will be
controlled by physical separation, procedural
vontrol oihur other nppropriate meana.
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Identification markingss will be permanent, legible,
and cause no detrimental effect to the fuanction or
service life of the item, Whenever a marked item is
subdivided all resulting portions shall also be marked
for identification.

When specified by codes, standarda, and specifications
that include specific identification or traceability
requirements (e.g., to grade of material, heat ,batch,
lot, or other) such identification and traceability
control shall be provided.

Items having a limited operating or shelf life will be
controlled to prevent the inadvertent use of items
whose specified 1life has expired.”

Most items coming into stores were gathered into assembly kits. Iden-
tification of parts made kit assembly and the consequent assembly a
smooth e~ficient process. Part identification allowed us to rplace
characterized items at specific locations in the system. This was par-
ticularly important for components in the optical train; optical per-
fcrmance can be predicted if the surfaces characterization of compon-
ents is known. We used this to predict faced spot sizes.

6. Control of Processes:

"8.1 Procedures or written instructions, approved
as required in Section 2.3, shall be used.
These may include checklists, drawings, or
travelers to determine that the appropriate
steps are performed in the proper sequence and
that itmes such as proper environment are
specificd and documented. Acceptance criteria
shall be specified or referenced.”

Many components were units assembled in-house from ansembly kits con-
taining all neccssary parts. Travelers und check sheets were attached
to the units as they went through assembly and checkout phase.

SUMMARY

The Antares Project developed an in-project Q.A. furction which was de-
signed to assure a workable product dolivered on achedule. Assembly and testing
indicated that our Q.A. plan was effective. Drawing and Quality Cuntrols proved
to be the most Lmpurtant feature of the Q.A. function. Completion of the Proj-
ect wan planned for the lust quarter of calendar year '83%; Lhe Llest shots for
hepartment of Energy acceptance occurrced on November 8, 1983, Target experi-
nents cnmmenced on December 22, 1Y85. No major design laults have surfaced to
date. Since December 1987%, about 50 target shotos were [lved. DPowers on target

range {rom 5 to 25 terawattam.
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APPENDIX

Quality Assurance Program Plan

Introduction and Organization

1.1 Purpose and Scope

1 2 General System Description
Organization

General Responsibilities
Specific Responsibilities
2.2.1 Technical Management
2.2.1.1 Indoctrination and Training of Personnel (Example)
2.2.2 Q.A.
2.2.2.1 Maintenance of Calibration Recall File (Example)
Method of Review
Systems Interfacing
Eng-D0/QA Interface
Q.A. Manual
Codes and Standards
Limita Due to Late Adoption of Q.A. Program
Policy Statement
0 Safety

1.3
«A. Program
1
.2

s 8 8 e = » @
W OO0

NNMNNNDNDNN

System Designs

1 Responsihility
.2 Design Control
3 Format for Design Documentation
3.3.1 System Functions
2 System Design
3 Design Requirements
.4 System Limitations
5
.6

o\

Operations
Maintenance and Modifications
e¢ral Design Description

N
F-N

Yrocurement

4.1 Procurement Package Control

4.2 Source Selection

4.3 Acceptance Testing and Inapection

4.4 Control of Purchased Itoms and Servicces

Document Control

5.1 Preparation, Approval, and Issue
9.2 Reviasiong

5.3 Indexing and Storage of Decumentco




10.

11,

12,

13.

14,
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Identifieation and Control of Items

Control >f Processes

7.1 P -ocedurea

7.2 Equipment

7.3 Personnel, Operating

Inapection

8.1 Persomn~l Independence and Qualification
8.2 Planning.

8.2 Recorda

Test Control

9.1 Requirements
9.2 Procedures
9.3 Results

9.4 Recorda

Calibration of Measuring and Teat Equipment
Handling, Storage, and Shipping

Control of Noncontorming Items
12.1 Identification

12,2 Segregation

12.3 Disposition

12.4 Corrective Action

Records

13,1 Storage
13.2 Retention
13,3 Indexing

Audits
14.1 Internal
14.2 External
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