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Nova Operations
Nova Operations performed 256 experiments dur-

ing this quarter, which was enough to exceed the goal
of 900 experiments during FY98. These experiments
supported efforts in ICF, Defense Sciences, university
collaborations, Laser Science, and Nova facility main-
tenance. 

While continuing to make minor improvements to
the capabilities of Nova, we began the process of plan-
ning the decommissioning of the Nova facility during
the upcoming fiscal year. Nova will be shut down to
make room in Building 391 for National Ignition
Facility (NIF) Project activities. Some of the laser com-
ponents from Nova will be reused in the NIF facility;
the remaining components will be made available for
use at other facilities. 

The operation of the Petawatt Laser Project was sub-
stantially improved with the installation of a set of
mirrors that allows beamline 6 to bypass the 46-cm
amplifiers without physically removing them from the
space frame. This saves several hours during the pro-
cess of converting that beamline to and from the
Petawatt configuration, allowing Nova to use beam-
line 6 for Petawatt shots and ten-beam target shots
during the same day. Also during this quarter, we initi-
ated the installation of hardware required for a cam-
paign of cryogenic ten-beam target shots, which are
among the 585 experiments planned for next year.

Beamlet Operations
The fourth quarter of FY98 saw Beamlet complete

its mission as laser physics and engineering test bed
for the National Ignition Facility (NIF). The last
Beamlet shot was fired on July 31, capping a highly
productive four-year period of NIF laser technology
and component development activities, including over
1000 full-system shots in over twenty experimental

campaigns since its activation milestone in September
1994. In the first month of this quarter, 46 shots were
completed in two campaigns: (1) large-aperture 
damage testing of a polarizer and mirrors for the
French Commissariat a lÕEnergie Atomique (CEA) and
(2) high-energy operation of a NIF-like final optics 
configuration at 3w (the third harmonic). Shutdown
activities commenced immediately thereafter. 

The damage testing of the CEA polarizer was 
conducted with ÒpÓ polarized light at a beam size of 
34 cm. The polarizer was conditioned off-line prior to
the test. Minor damage sites a few hundred microns in
size were observed after the first shot at an aperture-
averaged fluence of 1.9 J/cm2 in a 9-ns square pulse.
This was the only damage observed, however, and it
did not grow on subsequent shots at fluences up to
11.9 J/cm2. Two CEA mirrors were also damage
tested. One of the mirrors was unconditioned and the
other had two levels of conditioning applied in differ-
ent regions of the aperture. Both mirrors were exposed
to aperture-averaged fluences of 20 to 30 J/cm2 in 
3-ns square pulses, which was achieved by position-
ing the mirrors 3.5 m downstream of the Beamlet final
focus lens at a beam size of 17.8 cm. The only damage
occurred midway through the testing of the first 
mirror and was caused by contamination. 

The high-energy tests of NIF prototype final optics
achieved third-harmonic fluences of up to 8 J/cm2 and
NIF-equivalent energies of up to 9.6 kJ in 3-ns square
pulses. The purpose of the test was twofold: (1) to vali-
date the design of the NIF final optics cell (FOC) at
high fluence and (2) to operate an integrated NIF-like
final optics package, including diffractive optics, to
obtain data for estimating component lifetimes on the
NIF. Tests of the FOC alone confirmed that it can be
operated at full fluence without the large-area damage
previously observed and attributed to a mismanaged
back reflection. Isolated damage was observed, how-
ever. Results of the integrated tests revealed problems
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with color-separationÐgrating (CSG)-induced beam
modulation and damage associated with the sol-gel
coating being nonconformal with the gratingÑan
effect previously identified as being responsible for
reducing CSG diffraction efficiency. Improved CSG
designs under development are expected to eliminate
this problem.

Disassembly of the Beamlet Facility began on 
August 3. Approximately two-thirds of the laser was
designated to be shipped to Sandia National
Laboratories (SNL), New Mexico, for use as a back-
lighter on the ÒZ pinchÓ facility. The remaining one-
third was packaged and turned over to various groups
of the NIF Project. The disassembly was completed by
October 1, and the facility was turned over to Lawrence
Livermore National LaboratoryÕs (LLNL) Plant
Engineering Directorate for transition to the NIF Frame
Amplifier Unit Assembly Area. Over 350 crates were
shipped to SNL, varying in size from 2 ft square to the
largest crate containing the front-end frame which was 
7 ft tall, 8 ft wide and 51 ft long and weighed ~18,000 lbs.
The large amplifiers are still on site, in storage, awaiting
clean disassembly and eventual transfer to SNL.

National Ignition Facility

Overall Assessment

Overall progress on the NIF Project remains satis-
factory for the fourth quarter of FY98. The current top-
level assessment of Project status remains similar to
that stated at the end of the third quarter 1998; that
there will be no change to the fourth quarter 2001
Level 2 milestone for the End of Conventional
Construction, nor to the fourth quarter 2003 Project
Completion date. However, the NIF Project Office now
anticipates that based upon the status of Conventional
Facilities, CSP-4, work on the Laser Bay Core and the
status of Special Equipment design and procurement,
there could be an impact of 6 to 8 weeks in the fourth
quarter 2001 completion of the Level 4 milestone for
start-up of the First NIF Bundle. The impact of current
field conditions on this important milestone, which is
to be completed in three years, continues to be evalu-
ated on a weekly basis at the Project Top Ten
Scheduling meeting.

For NIF Conventional Facilities, fourth quarter 1998
was a period of relatively high productivity. Work
completed in the field progressed from 17.5% at the
end of June to over 28% by the end of September.
Efforts on the site rapidly accelerated as the average
manpower on site increased to over 180 and will
approach 300 by the end of the first quarter 1999. The
structural steel erection, bolting, and plumbing has
been completed for the Laser Bays and Core sections,
and roofing and siding is in process, but the progress

on critical interfaces to CSP-9 is approximately eight
weeks behind schedule. Efforts to accelerate the Laser
Bay steelwork during the fourth quarter 1998 did not
materialize due to labor difficulties with the ironwork-
ers, but the Laser and Capacitor Bay areas will be suffi-
ciently Òdried-inÓ prior to the start of the rainy season.
The concrete walls have been poured to about ground
level in the Target Area and Switchyards, and installa-
tion of the Target Chamber on its pedestal is on sched-
ule for March of 1999. The Optics Assembly Building
(OAB) structural steelwork is complete and is gener-
ally on schedule.

In Special Equipment, at the end of the fourth quar-
ter the Mid-Title II (65%) Design Reviews were 93%
complete, and final Title II (100%) Design Reviews were
60% complete. There were four Special Equipment 
Title II (100%) Design Reviews planned for FY98 that
remain to be completed in the first quarter 1999. Design
closure and drawing production were slower than
planned, but critical path designs were generally on
schedule. Major awards have been made for the spatial
filter vacuum vessels and vacuum beam tubes, the
Laser Bay structures, and for the Switchyard 2 struc-
tural steel tubing. 

In Optics, facilitization was in final stages at most
vendors as they started or prepared to start pilot in
early FY99. All laser glass contracts were either in
place or will be placed at the beginning of the new 
fiscal year. Nd was in hand at both Schott Glass
Technologies and Hoya Optics for their pilots.
Potassium dihydrogen phosphate (KDP) rapid-growth
facilitization at Cleveland Crystals, Inc. (CCI) and
Inrad has gone well, and they have made excellent
progress growing their first crystals, up to 27 cm in
size. Corning was nearing completion of facilitization.
The accelerated fused silica pilot was awarded early in
September and has begun. Tinsley continued to make
excellent progress on their finishing facility, and they
demonstrated outstanding performance with the first
four lenses, which will be used on the NIF first bun-
dle. Zygo was making good progress with their facil-
ity, including resolution of the pitch problem
discussed in previous reports and initial hiring for
pilot production. The University of Rochester
Laboratory for Laser Energetics (UR-LLE) and
Spectra-Physics continued to make good progress
preparing for their pilots.

Key Assurance activities during the fourth quarter
were all on schedule, including construction safety
support, litigation support to the Department of
Energy (DOE) for the settlement of 60(b) (e.g., quar-
terly reports), and the Final Safety Analysis Report. The
Pollution Prevention and Waste Minimization Plan was
completed in August, one month ahead of schedule,
achieving a Level 2 DOE milestone.

There were 39 DOE/OAK Performance
Measurement Milestones due in the fourth quarter,
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and 33 were accomplished. There were a total of 
95 milestones due through the end of FY98, and 
85 have been accomplished.

Site and Conventional Facilities
The fourth quarter of FY 1998 was a period of high

productivity for NIF Conventional Facilities. Work
completed in the field progressed from 17.5% at the
end of June to over 28% by the end of September.
Efforts on the site are rapidly accelerating as the aver-
age manpower on site has increased to over 180 and
will approach 300 by the end of the first quarter 1999.

Bolting the core steel was the main focus on the
Laser Building so that as much of the deck as possible
could be released to CSP-9 to allow for rough-in and
concrete placement to start in September. Bolting and
plumbing of Laser Bay 1 lagged due to the lack of iron-
workers, but by the end of September, the entire crew
completed work on the core and started work on Laser
Bay 1, which should be completed during the month
of October.

Roofing operations started in September and made
significant progress. In the three-week time frame that
the roofing subcontractor worked, the entire Laser 
Bay 2 roof was dried-in along with nearly half of the
Laser Building core area. The roofing subcontractor
accelerated its schedule to complete all the roofing on
the Laser and Target Area Building (LTAB) in an eight-
week time frame.

A primary focus of work for October will be to con-
tinue to Òdry-inÓ the building and to protect the site to
the fullest extent possible from the upcoming winter
weather. The site storm drainage system has been
completed and is ready to receive runoff from the
Laser Building and OAB roof drains. The Target
Building will not have the roof constructed and will be
open to weather this coming winter. Regrading and
surface treatment of the site to allow for proper
drainage will occur in October to permit access and
laydown through the coming winter. Storm Water
Pollution Prevention Plan requirements are scheduled to
be completed during October. The NIF Site
Winterization Plan will be reviewed by wet weather
specialists, EarthTech, and finalization of the plan will
occur in October.

¥ FY98 DOE/OAK Performance Measurement
Milestones completed this quarter included:
ÒOAB Start Structural Steel Erection,Ó achieved
in June; ÒLaser Bays: Complete Structural Steel
Erection,Ó completed in August; and ÒPower
Available,Ó completed in August.

¥ Nielsen Dillingham (NDBI) completed erection
of structural steel for the OAB Corridor and is
substantially complete with all steel erection for
CSP-4 Phase I.

¥ Activities increased in the OAB in September as
more trades manned the site. Midstate Steel
nearly completed their work, including the roof
truss punch list. Magnum Drywall mobilization
occurred in September; they installed studs
around the perimeter of the building and, by the
end of the quarter, were ready to start sheathing
installation (see Figure 1).

¥ Work by CSP-6/10 continued in all four areas of
the Target Building. The target pedestals have
been constructed up to the ring at elevation 
Ð8Õ-9Ó (see Figure 2). The radius wall up to ele-
vation Ð3Õ-6Ó is formed on one side with rebar,
and embed/blockout installations are nearing
completion. The radius wall pour from eleva-
tion Ð21Õ-9Ó to Ð3Õ-6Ó is taking longer than
expected, but the complexity and need for preci-
sion of the blockouts and embeds is very criti-
cal. This pour and the similar one higher up on
the radius wall from elevation 48Õ-0Ó to 68Õ-3Ó
are the most difficult pours on the project;
therefore, the extra time required to assure they
are correct is justified. Despite the extra time
used, the milestone for installation of the Target
Chamber has not slipped. The first lift for
Switchyards 2 and 1 walls up to elevation 3Õ-6Ó
have been completed on all three sides. Forms for
walls in Switchyard 2 are being jumped for the
next lift in October. The south wall of the
Diagnostics Building basement was placed in
September. Currently, CSP-6/10Õs schedule meets
the critical milestone dates for installation of the
Target Chamber and Switchyard structures. 

¥ The bulk of the Site Utilities scheduled for this
year were completed in the fourth quarter by

FIGURE 1. Installation of metal studs in the OAB.
(40-60-0998-1855#11)
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Hensel Phelps (HPCC). The Site Utilities are
continuing (but are winding down): including
installation of temporary/permanent duct-
banks around the OAB, south side of the site,
and sectionalizing switches and vaults north of
CB4. Complete installation of the storm drain
system will occur in October. In addition,
HPCC completed erection of Central Plant
structural steel as well as completed forms,
reinforcing, and placement of Cooling Tower
walls. The placement of concrete on the metal
deck was completed for parts of Core Areas
ÒAÓ and ÒBÓ elevations 28Õ and 47Õ-6Ó. Within
LB2 and CB4, HPCC began installation of
underslab precast duct in LB2 and began instal-
lation of underslab conduit in CB4. The installa-
tion of LB2 overhead platform up to Column
Line 24 was completed and HPCC began instal-
lation of mechanical, fire sprinkler, and electri-
cal rough-in off of the platform. Work by CSP-9
in the core area was under way at both mezza-
nine levels. CSP-9 overhead rough-in work in
Laser Bay 2 (utilizing the overhead platform)
was off to a good start and progress appeared
to be at or above the originally scheduled pace.

Special Equipment
Design Reviews continued to be successfully held at

both the Mid-Title II (65%) and final Title II (100%)
design levels. Design closure and drawing production
were slower than planned, but critical path designs

were on schedule. Awards were made for the Laser
Bay structures.

During the fourth quarter, many of the Special
Equipment Title II Engineering activities were brought
to an end. Title II 65% Design Reviews were held for
the OSECS Safety Interlock and Video Surveillance
System and for the Transport and Handling System.
The final (100%) Design Reviews were held in July and
August for the Alignment System, Pockels Cell, the
Mechanical Utilities, the Optical Design, the Gas
Handling System, the Laser Auxiliary System, and the
Safety System. Ten final (100%) Design Reviews were
conducted in September, including Final Optics
Damage Inspection/Pulse Synchronization, Output
Sensor/Relay Optics, Optical Mounts, Target
Positioner, Target Area Structures, Main Laser
Alignment, Optical Pulse Generation, Power and Back
Reflection Sensor/3w Energy/Portable Sensor/Energy
Diagnostics/Power Diagnostics, Target Chamber
Vacuum, and Laser Amplifier. Final Documentation
Reviews were held for the Switchyard 2 Support
Structures Procurement Documents, the Switchyard
Tube Enclosures Design and Procurement, and for the
Laser Bay Support Structures Concrete Pedestals.

Laser Systems. The optical pulse generation (OPG),
plasma electrode Pockels cell (PEPC), and amplifier
subsystems each held well-received 100% Title II
Design Reviews during the fourth quarter. The fabrica-
tion drawings are now complete, or nearly so, in each
of these areas. The emphasis is now shifting to procur-
ing and assembling hardware for the first bundle. In
the Power Conditioning area, assembly of the First
Article module essentially realized the baseline capaci-
tor bank design for the NIF. Over 1000 shots were
accumulated at full NIF current levels.

¥ The OPG 100% Title II Design Review was com-
pleted in September. This milestone represented
a shift in the teamÕs focus from design to pro-
curement and fabrication. The current plan calls
for an integrated test of the OPG hardware in
Building 381 prior to reinstallation in the LTAB.
A major focus of the OPG team during the past
quarter has been identifying and testing a dis-
tributed feedback (DFB) oscillator connected to a
high-gain fiber amplifier to provide the required
input pulse to the master oscillator fiber distri-
bution system. DFB oscillators from two vendors
were evaluated and both demonstrated excellent
single-mode operation. The requisite power and
noise levels were achieved using a high-gain,
double-pass fiber amplifier. Testing of the
Stimulated Brillouin Scattering (SBS) fail-safe cir-
cuit (intended to prevent propagation of a pulse
with inadequate bandwidth to prevent SBS)
began during the last quarter and produced
encouraging results. A new circuit approach in

FIGURE 2. Shoring and forming for the target bay pedestal. 
(40-60-0998-1942#08)
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the arbitrary waveform generator was tested
and was shown to reduce the electrical noise to a
level consistent with meeting the stability
requirement during the ÒfootÓ of the Haan pulse
shape. This change allows the vendor to proceed
with the final design of the pulse shape genera-
tor for the NIF. The prototype preamplifier mod-
ule demonstrated all of its key performance
requirements including energy and phase error
during this quarter, adding substantial credibil-
ity to the design.

¥ The 100% Title II Review of the Amplifier was
held as scheduled in September. The 13-volume
Amplifier design basis book was prepared,
reviewed, and submitted to the NIF document
center. Approximately 95% of the drawings of
the Amplifier components were submitted to
the NIF Project Database Management system,
and approximately 30% of the assembly, inter-
face, and assembly equipment drawings were
completed. All interface control documents were
completed and are under configuration control,
though some will be modified as the interfacing
system designs evolve. Approximately 75% of
the supporting calculations were completed,
and many but not all of the design implementa-
tion plans were prepared. The failure modes and
effects analysis and reliability, availability, and
maintainability analyses were updated for Title
II. A 700-shot cleanliness test was completed
using the AMPLAB amplifier. The results indi-
cated that damage growth on a slab in the
amplifier is consistent with achieving the
recently modified operational contamination
damage levels proposed by the Project Scientist
(beam obscuration <1% and no damage site
larger than 1 mm). This result indicates that NIF
contaminant levels can be achieved at installa-
tion and that in operation, the slab damage lev-
els are within acceptable replacement limits. 

¥ The PEPC subsystem also completed a very
successful 100% Title II review during the
fourth quarter. There were very few action
items generated by the reviewers, and
responses have been completed for all of them.
All of the mechanical drawings for the PEPC
subsystem are complete, and the procurement
process is under way at an aggressive pace to
attempt to benefit from a slack period for
machine shops that traditionally support Silicon
Valley companies. During the past quarter, the
emphasis was on demonstrating acceptable
switching performance over a 100-ns time win-
dow to enable appropriate timing of target
backlighter beams. The requirement was met
after minor modifications to the switch pulse
termination resistors to sharpen the rise and fall

times of the pulse, effectively broadening the
Òin specÓ portion of the pulse. Control system
software testing has begun in the prototype lab-
oratory to demonstrate proper controls opera-
tion and robustness for operation in the Pockels
cell electromagnetic interference environment.

¥ The NIF First Article capacitor module was
assembled during the fourth quarter. Roughly
1000 full-current shots were completed, and the
lifetime of the switch under NIF-like operating
conditions is consistent with predictions. Late
delivery of the flashlamp load, coils, and cables
consistent with the baseline design resulted in
the use of the old prototype parts for these initial
tests. Therefore, the waveshape and charge volt-
age are not yet representative of the NIF. Module
operation consistent with the amplifier require-
ments is planned for the first quarter of FY99. An
environmental, safety, and health (ES&H) review
of the module design and operation concluded
that the gaseous effluent from the switch contains
sufficient ozone and nitrogen compound levels
that an outside exhaust vent is needed. The noise
level and other safety-related controls were
found to be acceptable.

Beam Transport System. In this quarter, major fabri-
cation contracts were awarded, mill order material was
shipped, and production of Laser Bay structures and
vessels was ramped up after completion of shop draw-
ings and quality assurance submittals. Shop operations
during this period included welding fixture fabrica-
tion, plate cutting, and structural member preparation.
These 11 contracts are currently on schedule to meet
the installation milestones.

The Beam Transport System acquired government
excess material-handling equipment for upcoming
installation activities, including an Oshkosh diesel
prime mover, a 45-ton Taylor forklift, and a 60-ton
capacity battle tank trailer. These assets are now at
LLNL for the cost of shipment and are fully operational.

Laser Bay concrete structure and Switchyard 2 struc-
ture design drawings were released for construction
change order quotations from the existing
Conventional Facilities contractors. The mill order for
Switchyard 2 tube steel was awarded in August.
Auxiliary Subsystems completed the Title II Design
Reviews for the Gas Handling System, Amplifier
Cooling System, and Conventional Utilities. All ampli-
fier cooling fan units have been received and are cur-
rently stored in the laydown area awaiting installation
into the LTAB. Other activities include the following:

¥ Production of the stainless steel plate neared
completion. Vacuum vessel fabrication activities
are proceeding with the three selected contrac-
tors. Two contractors completed preliminary
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documentation, and their fabrication activities
are proceeding on schedule. Fabrication plans
and procedures are being reviewed and revised
with the third contractor to ensure compliance
with the specifications and drawings.

¥ The drawing packages for the Switchyard 2
beam tube enclosures are complete, and the
procurement requisition is prepared and sub-
mitted for request for proposals (RFP) release.
The specification for the Switchyard and
Interstage Beam Enclosures was updated and
revised, incorporating design review comments
and other recommended changes learned dur-
ing ongoing fabrications for the vessels and
beam tubes.

¥ The Airlock/Sliding Door feature of the Roving
Enclosure was removed to reduce costs. Roving
Enclosure design will continue to include fea-
tures that can accommodate future installation
and conversion on a ÒNot to PrecludeÓ basis.

¥ Design detailing is proceeding on the interstage
docking frames at the Spatial Filter (SF) end
vessels. Engineering review and design check-
ing remain to be performed. Design develop-
ment and detailing is behind schedule on the
large interstage components at the switchyard
wall. These structures must be fabricated and
installed into the Laser Building before closure
of the facility holdouts.

¥ The Title II 100% Design Reviews for the
Amplifier Cooling System, the BTS Auxiliary
Subsystems, Gas Handling system, and the
Mechanical Utilities, which included Fire
Protection as well as Lighting and Power sub-
systems, were completed. 

¥ The mill order for Switchyard 2 tube steel was
awarded in August. The Title II 100% procure-
ment review was held in preparation for the
change order proposal solicitation from the
CSPÐ6/10 contractor.

¥ The Cavity Spatial Filter Optical Bench,
Transport Spatial Filter Optical Bench, Injection
Structure, and Preamplifier Support Structure
Safety Notes were completed. Contracts were
awarded for the Main and Power Amplifiers,
Laser Mirror 1 structures, Cavity and Transport
Spatial Filter optics benches, Injection
Structures, Preamplifier Support Structures,
and Periscope structures.

The Optical Mounts Title II 100% Review
was held in September. Final designs were pre-
sented for spatial filter lens cassettes, the injec-
tion system, cavity mirror/polarizer mounts,
shutter/beamdump, Switchyard transport mir-
rors, and Target Area transport mirrors.

¥ A full-size rectangular test mirror with ÒholesÓ
drilled in the back was mounted and evaluated

interferometrically (the mirror was tested verti-
cally and in the down-facing orientation shown in
Figure 3). This test is part of the validation plan
for the transport mirror attachment concept and
mount design. The preliminary results indicate
that the observed distortion is less than predicted
from finite-element analysis. The results to date
indicate that the so-called Òexpanding mandrelÓ
design will hold the mirror sufficiently well.

Integrated Computer Control System. Title II
design progress is satisfactory. Seven out of a total of
eight scheduled 100% reviews have been completed.
Two reviews were completed during the fourth quar-
ter: the Integrated Safety System and the Automatic
Alignment System.

¥ At the end of September, the controls team accom-
plished the last of the FY98 Cost Account Plan
milestones. These milestones, scheduled some
fourteen months ago, were transformed into a
much larger software delivery: the first integrated
production prototype (code named Nightlight),
consisting of incremental deliveries of 8 supervi-
sory and 15 (out of 18) front-end processors (FEPs)
(see Figure 4).

This prototype (the first of seven planned) had sev-
eral major goals:

¥ Risk mitigation by early execution of important
functions.

¥ Testing frameworks in actual use within 
applications.

¥ Gaining experience and confidence with soft-
ware tools and engineering processes.

FIGURE 3. Transport Mirror Mount testing at use angle.
(40-00-0199-0193pb01)
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¥ Activating the independent software testing
capability.

The theme of this first prototype was the vertical slice:
the execution of initial functionality in each subsystem
using either emulated or prototype hardware. Most
slices included both supervisory and FEP functions; a
few were limited to FEPs only. Almost all slices made
use of the reusable frameworks upon which all controls
software will eventually be built. Those that did not con-
centrated upon important application-specific behavior.
In addition, significant new work was done on frame-
works prototyped or designed earlier in the Project.
Among these were the message logger, the sequence
control language, the graphical user interface, the sam-
ple (or generic) application, and the shot life cycle.

To date, the vertical slices for target diagnostics, laser
diagnostics, PEPC, integrated timing system, special
imaging sensors, graphical user interface, and the sam-
ple application have been demonstratedÑthe first of
three steps that certify completion of the software deliv-
ery: (1) demonstration to a project management team
member, (2) placing the software under configuration
control, and (3) independent testing of the software. 

Due to the complexity and importance of the shot
director and power-conditioning slice, its delivery has
been delayed to the end of October. Because effort was
redirected toward the graphical user interface portion
of the sample application, the industrial controls verti-
cal slice was also delayed to the end of October. The
remaining slices are expected to be demonstrated in
early October.

A major goal of Nightlight was validation of the
distributed software architecture and the implementa-
tion process. While not every goal was achieved in this

release, the important risks were successfully
addressed and confidence was gained that the soft-
ware needed to control the first bundle can be incre-
mentally completed by repeating this process. 

¥ The example supervisor software that will serve
as a pattern for all eight NIF subsystems was
constructed and tested. This demonstrates how
the supervisory architecture is to be deployed
and how each program is connected to the
database, framework services for configuration,
system manager, monitor, message logging, and
graphical user interfaces. The new generic
supervisor is analogous to the generic FEP that
has been in use for several months. The new
component adds a number of features needed
by supervisor-level code: public and private
internal objects for upper-level controls, com-
munication with one or more graphical user
interfaces, and bidirectional connections
between distributed objects.

¥ Berkeley Nucleonics presented a satisfactory
design review for the prototype Integrated
Timing System delay generator in September.
About 200 units are needed for the NIF. They
have selected an acceptable optical receiver and
are progressing on the basis that it will meet
requirements, while also testing a discrete
design intended to reduce propagation delay as
a function of optical power level.

The version of the timing FEP for Nightlight is com-
plete and delivered to the software test team. It con-
sists of a computer crate containing actual NIF
hardware, except that a similar 4-channel delay gener-
ator was substituted for the custom 8-channel NIF
delay generator currently under development. The
Nightlight FEP provides a complete vertical slice of the
architecture using the supervisory frameworks (system
manager, configuration server, generic FEP, and graph-
ical user interface) to create devices for trigger chan-
nels, trigger diagnostics, and precise trigger
diagnostics. The software provides the ability to set
delays, enable/disable channels, create epochs and
activate triggers as well as measure and read the resul-
tant delay using two types of time interval meters. The
release demonstrates integration under both Solaris
and VxWorks operating systems. 

¥ The 100% Design Review of the Integrated
Safety System was conducted in July, and the
Automatic Alignment 100% Design Review was
presented in August. System operations for
optics inspection were analyzed and docu-
mented in the Preliminary System Analysis for the
Damage Inspection Control System. In summary,
the inspection of vacuum-loaded optics in the

FIGURE 4. Nightlight software demonstration at the test bed operator
console. (40-00-0199-0194pb01)
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spatial filters and final optics assembly (FOA)
will require slightly more than two hours.
Amplifier cooling time and the brief target
chamber center keep-out period extend the
maintenance access time to as long as three
hours following the shot. Inspection time is
dominated by mechanical actions times. For
example, repositioning the roving mirror
assembly accounts for 24% of this time.

¥ Integration activities have concentrated on the
project-wide tasks required to develop and test
Nightlight. Preliminary planning also began on
deployment of integrated software for the sec-
ond production prototype (ÒPenlightÓ) that will
feature software operation and testing in the
Preamplifier Module and input sensor proto-
type labs. 

Optomechanical Systems Management. Title II
100% Design Reviews were held for Optical Design
and Optical Mounts. Detail drawing checking and
final approval is lagging in Optical Mounts (spatial fil-
ter lens cassettes have been completed; others are in
creation or checking). The Title II Design Review for
Final Optics was delayed about one month to allow
for additional scientific evaluations of the final
Beamlet campaign results. About 60% of the detail
drawings for Final Optics are approved or in checking.

Optical Design. Design and analysis activity has
been focused on completing the detailed optical
design, manufacturing tolerances, and specifications
for small optics subsystems (e.g., output sensor relays
and preamplifier beam transport).

¥ The Optical Design Title II 100% Review was
held in July. The presentation included the
review for compliance, Main Laser system opti-
cal design, Switchyard/Target Area mirror sys-
tem optical design, final optics optical design
status, large-aperture optics specification and
drawings, and stray light control.

¥ Some follow-up ghost analysis was conducted
for the Main Laser, diagnostic system, and the
final optics. In the Main Laser model, mechani-
cal elements (e.g., beam tubes) were added so
that the analysis of stray light paths could be
completed. A worst-case target back reflection
was modeled in the FOA to determine ghost
fluences in the 3w calorimeter chamber. A sim-
plified model of the 1w diagnostic system was
constructed; a second-order ghost analysis pro-
vided useful feedback for the final optical
design.

¥ The optical model for the FOA was completed;
the configuration will be described in an upcom-
ing revision of the configuration drawing. Final
revisions included detailed ray tracing of the 1w

diagnostic reflection from the focus lens and trans-
fer of optical design data to Pro-E.

¥ The ÒSmall Optics SummitÓ was held in
September. Representatives from 66 optics and
optomechanics manufacturers attended this
very successful one-day event. The morning ses-
sion comprised presentations from the responsi-
ble engineers who will deliver line replaceable
units (LRUs) containing small optics (²150 mm
diameter) to the NIF. In the afternoon, the ven-
dors set up displays in a tent, allowing NIF
Project and other LLNL personnel to come by
and ask questions about the capabilities of each
supplier of interest to them. 

Optical Components. All NIF optics Title II Design
Reviews were held in September except the KDP
Crystals. The reviews focused on progress to date 
of facilitization at vendor sites and at LLNL and 
validated readiness to proceed with Title III and with
pilot production. 

The contract for 13.5 metric tonnes of Nd salts was
negotiated and is ready to place early in October with
FY99 funding. This will support the first production
runs of laser glass for Hoya and Schott. The NIF
Amplifiers (slabs), NIF Lenses, NIF Mirrors, NIF
Polarizers, and NIF Windows 100% Title II Design
Reviews were completed in early September. The NIF
QA/Metrology and NIF Processing Title II Design
Reviews were completed in early September as well.

Laser Control. Four Title II 100% Design Reviews
were presented in August. Taken together, they cov-
ered Main Laser alignment, the output sensor package,
the beamline to output sensor relay optics, final optics
damage inspection, pulse synchronization, power sen-
sors, the 3w energy module, portable streak camera,
back-reflection sensor, FEPs for energy diagnostics,
power diagnostics, and special charge-coupled device
sensors.

¥ The last of the input sensor drawings, namely
the sensor assembly drawing and the test stand
base plate and rails are now expected to be com-
pleted in October. 

¥ Updated cost estimates for the beamline center-
ing references were found to be higher than the
plan, and efforts were made to simplify their
implementation. A significantly less expensive
approach to the centering reference on the FOA
was identified.

¥ Optical design was begun for the spatial filter
tower test stand that will be used for assembly
and test in the OAB.

¥ Assembly of the Target Alignment Sensor hard-
ware began. If performance meets expectations,
this unit will be designated for use in the initial
operation of the NIF.
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¥ The number of FEPs was reduced in the plan
from 108 to 100 to implement a decision remov-
ing motors from those mirror mounts in the
Switchyard and Target Bay that are not part of
the closed-loop control system.

¥ The optical alignment section of the acceptance
test plan has been verified on the prototype.
Other parts of the test plan, including motion
tests of the motorized components, will be
checked for suitability when the motor control
electronics are added to the test stand. 

¥ Efforts began to establish test capability for
accurately measuring the reflectivity of 1w sol-
gel coatings in the 0.1% range. A preliminary
capability was demonstrated using recent sam-
ple sol-gel samples.

¥ End-to-end tests of the power measurement
instrumentation were completed in August. The
results, which included a demonstrated preci-
sion of 1.5%, were documented during
September and satisfy the appropriate part of
the NIF power balance error budget.

¥ Disassembly of the precision diagnostics proto-
type systems in Beamlet was completed, and
components were readied for storage.

¥ Tests on the LLNL deformable mirror prototype
went very smoothly. The mirror clearly met the
range specifications and showed a preliminary
residual error of about 0.04 waves (rms surface)
compared to the specification of 0.025 waves.
The LLNL mirror is currently the only one of
the three prototypes whose performance com-
pares reasonably with NIF requirements; it will
appear as the baseline for this review.

The adaptive optic was identified as a high-
risk system component to be reviewed by the
Project Risk Management Group. This group
will review test data, modeling results, and
other aspects of deformable mirror status as a
basis for recommending a plan to complete
development activities. 

Target Experimental Systems. All 18 sphere plates
have had their weld joint configurations machined on
the edges and the inside surfaces smoothed (grinding
marks removed) and have been shipped to LLNL. The
last three are en route. The first three plates were
installed on a welding fixture inside the temporary
enclosure and welded to form a subassembly. PCC
moved from the machining of the sphere plates to the
fabrication of the weld necks. All of the cylindrical
pieces are completed and the flanges are now being
welded to them.

¥ The 60-foot-diameter, 62-foot-high, cylindrical
enclosure, built on the E7 parking lot, which is
to be used for the construction of the target

chamber, was completed. It is now being used
for the welding of the first three sphere plates
that form the bottom of the chamber. Yet to be
installed is the HVAC for the building, planned
for October.

¥ The chamber gunite shielding (hereafter known
as shotcrete) design was reviewed by LLNL. An
alternative design was proposed and analyzed
by Project personnel. The result was a system
that would provide shielding but not become a
structural member (composite) with the target
chamber. This simplified design was discussed
with two potential shotcrete installers who felt it
was a very workable installation. The system
consists of wire mesh attached to the chamber
with studs on a 1.3-foot spacing. Additional lim-
ited rebar will be used around the weld necks,
which will be isolated from the shotcrete by a
barrier. This concept greatly reduced the
amount of engineering and installation time for
the shielding.

¥ The prototype stainless steel beam dump was
removed from the Nova chamber at the end of
July, and another fused silica optic was placed
in the chamber after the prototype was removed
to use as a baseline in the optic damage tests.
The stainless steel beam dump showed no signs
of catastrophic damage, and there was no evi-
dence of excessive amounts of elements of stain-
less steel in the chamber. 

¥ The target chamber vacuum 100% Title II
Design Review was held in September. The first
revision of the equipment specifications for the
target chamber cryogenic high-vacuum pumps,
gate valves, tritium gas-roughing pump, and
turbodrag high-vacuum pumps was completed.

¥ The target positioner 100 % Title II Design
Review was held in September.

¥ A web page has been developed to share diag-
nostic design information with representatives
from LLNL, SNL, LLE, Los Alamos National
Laboratory, and Atomic Weapons Research
Establishment (AWE), U.K. The web page is inter-
nally accessible to LLNL experimenters and will
soon be password accessible to NIF diagnostic
users at other DOE sites. Discussions are taking
place with a working group of people from other
test facilities and labs to establish standards for
diagnostics and their associated control and sup-
port equipment so that diagnostic can be used at
multiple test facilities.

Software Requirements Specifications (SRS)
and Software Design Descriptions (SDD) docu-
ments for Embedded Controller Software and
FEP Software have been started. These will form
the foundation of the Target Diagnostics FEP
and controller SRS and SDD documents.
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¥ The Diagnostic Instrument Manipulator (DIM)
drive system is now being manufactured. The
trolley is finished and has been fitted onto the
bench. The electronic rack has been finished
and is awaiting checkout. The DIM extension
tube was being fabricated in the United States.
The extension tube will be completed by the
end of September and shipped to AWE early in
October.

¥ In September, the 100% Title II Design Review
was conducted for the engineering of the major
mirror frame structural components. This
included the target chamber pedestal, the mir-
ror frame supports and enclosures, the seismic
restraints, and the FOAs.

¥ The peer review team met with the NIF team in
August and reviewed the revised calculations
for the seismic loads applied to the top of the
pedestal and the target chamber to floor. They
agreed with calculations presented and sup-
ported the use of a steel encasement around the
upper ring beam to increase the load-bearing
capacity and increase the safety factor. The steel
encasement was fabricated and delivered and is
awaiting incorporation into the pedestal.

¥ The Tritium Environmental Protection Systems
work has been delayed until 2004 to be able to
prepare for the introduction of tritium into the
facility in 2005. The exception to this delay is the
stack monitoring system, which will be in place
for first bundle.

¥ The prototype 2 degree-of-freedom Integrated
Optics Module (IOM) handling fixture (see
Figure 5) was successfully tested on the FOA
test stand in Building 432. The fixture was
tested at angular orientations of 130°, 135.5°,
150°, and 156.5°, which represent the positions
of IOM units on the lower half of the target
chamber. These initial tests have validated the
basic concept. All drive mechanisms, alignment
features, and installation procedures worked as
planned. Deflection of the IOM translation arm
was within tolerance with no interference with
adjacent IOM units. All tests were conducted
with a 125% test load of 1050 pounds.

¥ The FOA 100% Title II Review presentation was
delayed by approximately one month until
November to allow more time for scientific
review of the last Beamlet tests using the final
optics cell (FOC). The Project Scientist has been
leading the scientific review of the data and estab-
lishing priorities for future work. The last series
of shots (high-damage-threshold campaign)
tested frequency conversion crystals, focus lens,
and diffractive optics plates in a configuration
similar to the NIF optical design. (There are some
differences between the optomechanical configu-
ration in Beamlet and the baseline NIF configura-
tion.) Optical damage was expected and was
observed; however, it is taking some time to
reduce the data, understand the mechanisms, and
determine the contributing factors.

¥ The frequency conversion technical manage-
ment plan has succeeded in establishing a firm
understanding of frequency conversion perfor-
mance for the NIF final optics design (i.e., sig-
nificant factors, status of technology, error
budget). Requirements from a detailed error
budget have been flowed down to metrology
equipment, crystal fabrication, coating perfor-
mance, and mount tolerances. There is very
good correlation between analysis predictions
and experiment.

¥ The ghost analysis of the IOM was completed
during the quarter. The baseline absorbing
material is a PTFE (Teflon) product with a
trade name of Spectralon. This material selec-
tion is based on adequate damage threshold,
fabrication/installation ease, and cost.
Extensive ghost mitigation measures have been
incorporated into the FOC final design.
Additional measures can be implemented if

FIGURE 5. IOM 2-dof fixture with IOM in fully retracted position.
(40-00-0199-0195pb01)
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future tests and First-Bundle operation indi-
cate that they are needed.

¥ Integrated testing of the fully assembled FOA
prototype hardware began in the high bay of
Building 432. The vacuum/venting sequence
evaluations will confirm (or suggest modifica-
tions to) the final design details of the debris
shield module, pumping rates, and so on. 

¥ A modification to the FOA debris shield cassette
frame is shown under test in Figures 6 and 7.
(The tests are conducted in a clean, enclosed
hood with particle measurement wafers beneath
the hardware.) Particulate generation has almost

been completely eliminated with this design,
which uses a solid stainless steel guide bar.

Operations Special Equipment
This has been a successful quarter with good

progress in detailed design and prototype testing.
Several DOE milestones were completed, including
large procurements and design reviews. Preparations
are currently under way for hardware installation in
the OAB scheduled for October 1998.
¥ A number of significant changes for the OAB

were agreed to in August during an LRU storage
review. The IOM assembly area, Cave, and shut-
ter assembly have been moved to Building 391.
Space available in the OAB resulting from the
location changes will be used for storage of
LRUs. A complete 3D model of the animation
sequence is being developed for formal review.
This 3D integrated model will show extensive
stay-out zones and will hopefully prevent major
interference and space conflicts for the OAB, the
corridor, and the LTAB aisles.

¥ The Transport and Material Handling 65%
Design Review was successfully completed in
August. Also an installation schedule is being
developed for the T&H systems going into the
Laser Bay Facility.

¥ The 65% review for T&H FEP controls was com-
pleted. The SRS for Bottom Loading, Top
Loading, and Side Loading are nearly complete,
which includes the requirements specification
for the electronics, sensors and actuators, I/O
boards, and software.

¥ The contract was awarded in August to AGV
Products, Inc. for the fabrication of the hard-
ware and software of the Laser Bay Transport
System. Fabrication has begun, parts have been
ordered, and the contract for the large fabrica-
tions has been awarded.

¥ Detailed design, prototyping, and procurement
are in process for the Optical Assembly and
Alignment Design. All drawings and procure-
ments for equipment that will be installed in the
OAB during October/November are complete.
A new installation plan was also completed for
equipment to be installed between October and
November. 

Start-Up Activities
¥ Level 0-3 Integrated Project Schedule (IPS) mile-

stones are on track. The Target Area construc-
tion, CSP-6/10, is currently ahead of schedule.
With the inclusion of the subcontractor baseline
schedule for Conventional Facilities CSP-6/10,
the IPS now contains all facility construction

FIGURE 6. Debris shield cassette frame. (40-00-0199-0196pb01)

FIGURE 7. Cassette frame guide bar. (40-00-0199-0197pb01)
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baseline schedules. An Engineering Change
Request has been submitted that modifies the
Project milestone dictionary to be consistent
with CSP-9 dates and definitions, excluding the
core area of the Laser Bay for which work-
arounds are still under evaluation. First-bundle
installation details in Laser Bay 2, which have
been in planning off-line for several months,
have now been added to the IPS database. 

¥ A significant effort was devoted to preparing for
the detailed review of the NIF First Bundle Start-
Up Plan in July. The review was held for a com-
mittee that included reviewers from the NIF
Project, the ICF-NIF Program, SNL-Albuquerque,
UR-LLE, and LANL. The major goals of the
review were to inform the Project staff on the
detailed plans for First-Bundle Start-Up and to
collect detailed feedback on the operational test
procedures and their interfaces. Both goals were
successfully achieved. A draft revision of the First
Bundle Start-Up Test Plan was completed and is
presently being proofed and edited. This draft
revision included a review of all sections except
the ÒBeam Transport to Target-Chamber Center
and Final Optics Assembly TestsÓ and the ÒBeam
Smoothing Tests.Ó Further revision of the
ÒAmplifier-Gain TestÓ section is being considered
to add a subsection to discuss an on-line ampli-
fier cleanliness test. Once the revision is com-
pleted, the Start-Up Plan will serve as the basis
for the FY99 planning activities, including the
writing of detailed operational test procedures. It
will provide the interfaces to the Master Test Plan
and contain sufficient information to create a
resource plan and detailed schedule for execution
of the first bundle start-up testing.

¥ The computer controls software acceptance test
teamÕs largest effort was developing system test
procedures for the ICCS Nightlight release due in
October. Five formal test procedures were drafted
for OPG, PEPC, Laser Diagnostics, Automatic
Alignment, and Power Conditioning/Shot
Director. The technical staffs from NIF hardware
and software development reviewed four of these
test procedures. The fifth procedure, Laser
Diagnostics process, has progressed more slowly
due to key development staff focusing on non-
laser diagnostic tasks. The procedure is expected
to be completed in early October.

¥ The NIF Laser Operations Model is a code that
will be used by Beam Controls and Diagnostics
to set up the correct operating and diagnostic
parameters to achieve power balance based on
performance parameters of the individual
beamlines and their components. This model
will also provide critical information to support
start-up planning and execution.

¥ Performance-based training (PBT) infrastructure
development continues, and 16 functional areas
have been identified for the development of
training materials. Operations procedures are
identified as part of this process. A detailed
schedule has been developed using Project mile-
stones so that training materials will be avail-
able when needed. Thus far, the first two (of
three) phases of the PBT process are complete
for the Optics Processing area, and the first
phase is complete for the OAB area. 

¥ A draft sequence for conducting facility readi-
ness reviews is being prepared for review by the
Project Manager. Planning for readiness reviews
is being coordinated with the ICF/NIF Program,
which is responsible for ICF facilities that are
not part of the LTAB or OAB, but which will
support NIF equipment testing, assembly, or
development. Start-up has hired an ES&H spe-
cialist from the AVLIS program to provide part-
time help planning readiness reviews.

Optics Technology
¥ Facilitization was in final stages at most vendors

at the end of the fourth quarter as they started
or prepared to start pilot in early FY99. All laser
glass contracts are either in place or will be
placed when the new fiscal year begins. Nd was
in hand at both Schott and Hoya for their pilots.
KDP rapid-growth facilitization at CCI and
Inrad has gone well, and they have made excel-
lent progress growing their first crystals, up to
27 cm in size. Corning was nearing completion
of facilitization. The accelerated fused silica
pilot was awarded early in September and has
begun. 

¥ Tinsley continued to make excellent progress on
their finishing facility. They demonstrated out-
standing performance with the first four NIF
SF1 and SF2 lenses, which will be the first non-
prototype optics they have made, and that will
be used on the NIF First Bundle. Zygo was mak-
ing good progress with their facility including
resolution of the pitch problem discussed in pre-
vious reports. Initial hiring for pilot production
has begun. LLE and Spectra-Physics continued
to make good progress preparing for their
pilots.

¥ Metrology issues with the interferometers have
been resolved, and the final units have been
ordered from Wyko. 

¥ Postprocessing equipment has been arriving
weekly to support the laser glass pilot run that
starts in October. The laser glass pilot contracts
were in place for the October start-up. Schott
plans to ship the first laser glass slab to Zygo by
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January or February 1999. The cladding glass
pilot/production run is scheduled for January
1999.

¥ At Hoya, the full-scale furnace frame has been
constructed and the bricking has begun. Several
melter components, the lehr, and several fine-
annealing ovens have been shipped from Japan.
HoyaÕs batch mixing room is nearly complete.
Laser glass and cladding glass pilot contracts
are in place. Hoya starts their pilot in October
with 200 slab equivalents of cladding glass
being produced in Japan, which will support
first-bundle needs. Their laser glass pilot run is
scheduled for January 1999 with the first laser
glass slab shipped to Zygo for finishing by
April 1999.

¥ A deuterated potassium dihydrogen (DKDP)
boule grown at LLNL reached NIF size at the
end of September. The boule is large enough to
yield 17 NIF tripler crystals, demonstrating sub-
stantial improvement in our ability to control
inclusion formation. Optical quality was very
good, but 3w laser damage threshold has yet to
be measured. A 15-cm KDP crystal rapidly
grown with constant filtration achieved the high-
est 3w laser damage threshold of the year and
would be expected to have negligible damage at
maximum NIF fluences. Both CCI and Inrad
grew KDP boules >25 cm in their shakedown
runs using NIF production equipment.

¥ The Moore Tool Company continued to assem-
ble the diamond turning machine at LLNL.
Their efforts did not proceed as rapidly as esti-
mated, and it appears that they will need the
month of October to make the machine ready
for acceptance tests beginning in November.
Several items associated with the fly cutter and
drive spindles, X and Z slides, and the
temperature control must be addressed before
the acceptance tests can begin. 

¥ Corning has completed installation of the new
overarm lapping machine and begun installa-
tion of the polisher. Their new Zygo 24Ó inter-
ferometer is in-house and will be operational by
mid-October. The fused silica pilot was
awarded to Corning in early September.

¥ TinsleyÕs lens and window finishing facility
building construction has continued on sched-
ule. Beneficial occupancy and installation of

manufacturing equipment is planned for
November and December. All manufacturing
equipment for the facility has been accounted
for and is nearing completion. Most equipment
has been run and tested in TinsleyÕs existing
facility and has been used during an early pilot
production to produce NIF specification lenses.
An award was made to Kodak to construct the
NIF Flexible Finishing Facility, which will be
designed to augment flats finishing capacity for
NIF amplifiers, mirrors, and fused silica win-
dows and to provide a backup for the critical 3w
focus lens.

¥ ZygoÕs automated cleaning equipment passed
its acceptance tests. LLNLÕs software for power
spectral density (PSD) was installed and run
successfully on the first 24Ó Zygo interferome-
ter. Cavity measurements demonstrated the
instrument has an acceptably low noise floor
level. The first NIF demonstration amplifier slab
has been processed through both phases of
edge-cladding bonding, edge machining, and
automated beveling.

¥ Facilitization work at LLE focused on design
efforts to reduce the deposition time by the
removal of ÒhotÓ substrates, planetary design in
the 54Ó chamber for complete devotion of the
72Ó. coater to NIF work, and mount designs for
the laser conditioning stations. All of the facility
modifications were completed at Spectra-
Physics including the cleaning, coating, and
metrology areas. The large NIF chamber was
returned to operating condition and resumed
process optimization activities.

¥ A NIF-size color separation grating (CSG) was
successfully fabricated with the prototype long
hydrofluoric etch station. This full-sized optic
achieved a 3w transmission of 89.4% with a
sigma of 0.3%, which is significantly lower vari-
ability than CSGs previously etched by hand.

¥ The facility modifications for the Building 391W
phase I Optics Processing Research and
Development Area were completed. Balancing
of the air-handling systems and certification of
the clean room is under way. Beneficial occu-
pancy is targeted for mid-November.
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