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BEFORE THE
SECRETARY COF ENERGY ADVI SOCRY BQOARD
NATI ONAL 1 GNI TI ON FACI LI TY TASK FORCE REVI EW
SECOND MEETI NG

Meeting was held pursuant to Notice at
a Conference Room of the Law ence Livernore
Laboratory, Livernore, California, USA on the 30th
day of Novenber, 1999, commencing at 8:37 a.m PT.

TRANSCRI PT OF PRCCEEDI NGS

THE CHAIR.  Perhaps we ought to get
started. And, let's see. W' re approaching
CGodliness. Ceanliness is next to Godliness. | just
wanted to see if Andy was awake.

So maybe we, we ought to get started,
Mary.

DR. SPAETH. Good norni ng again.

THE CHAI R Mor ni ng.

DR. SPAETH. Ckay. So, today we're
going to talk dirty. O maybe we'll talk clean,
okay?

And | heard, overheard sonebody say
that cleanliness is next to Godliness. You know,
here we say Godliness is next to cleanliness.

Just as crooked as it was yesterday.

Ckay, so this is an overview of, or an outline of
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what |'mgoing to talk about.

I'"'mgoing to give just sone background
in general about the whole topic of, of cleanliness
for --

DR. MOSES: Bring it into focus.

That's inportant for this program

DR. SPAETH. There we go. Thank you.
| didn't know how to do it.

Background of cleanliness as it applies
to ICF-type lasers, a little discussion about why
cleanliness is inportant to us, in effect, and --

DR RICHTER Ceanliness is next to
Godl i ness.

THE CHAIR.  You obviously weren't in
the room Burt.

DR. RICHTER: If it's a good line it's
worth tw ce.

DR. SPAETH  The | anguage of
cleanliness. That's the unit, how we tal k about it.

Whi ch one of those units are inportant
to us, okay, the cleanliness is inportant for all the
different pieces of NIF. And then our discussion on
approaches to achi eving cl eanli ness.

And it looks to nme like a good tinme for

a break would be right about here, okay? But we'll
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see how the tine goes.

THE CHAIR  Ckay.

DR. SPAETH Al right. You've seen
this viewgraph in a nunber of ways over the | ast
several days that you've been here, and I'mgoing to
viewit, look at it fromthe vi ewpoint of
cleanliness. Ceanliness is sonething that we have
had to worry about all of the time for every |aser
system 1976, NIF, down to 2003.

But cleanliness as a concern for people
who build lasers didn't start until 1976, either
Lasers were built in 1962, as | recall it.

I, | built nmy laser in 1963. It was a
pl asna ruby | aser and you knew you had to get those
ruby lasers clean. And you just have to get it clean
or you're going to have troubles with that system

So this is sonmething that we've been
concerned about all along this period of tine, all
right? And when we tal k about cl eanliness and when
the specifications for cleanliness are for ICF | asers
it's alittle bit tricky because cleanliness in and
of itself we could care | ess about, all right?

It's not a primary criterion. The
primary thing that we're interested in is the

econom cal operation of the systemas we fire it.
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And froma project point of view, while
we're putting it together, while we're not operating
it, our primary requirenent is to nmake sure that
what ever we do we nmake it possible to have econoni cal
operati on once we have the system operating, okay?
And so what we do is we try to nmake judgnents.

W try to do analysis. W try to nmake
everything in order to set spec. for cleanliness and
contam nation control, because those are the
nmeasurenents and net hods that we use to achieve the
real requirenents of economnical system operation

Ckay, so, so the way that N F has been
desi gned froma fundanmental point of view, in other
words, we, you don't design the laser and then think
about cl eanliness. You think about cleanliness and
then you design the laser, all right?

And so specs. that have, that have been
in the design, first of all, just fromthe vi ewpoint
of the standard industrial practice, the things that
were done on Nova and the things that are being done
on NIF, is that you qualify all of the materials that
you're going to use. You go through a set of
procedures in order to nake sure that those naterials
are appropriate to put in a place that's cl ean.

And then a very inportant step that you
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can't forget is you have to do QA and QC to nmamke sure
that the way that those naterials were actually
utilized inside your system neet the kind of
conditions they would have to neet in order to be
truly clean when you get them all right?

And then another one that's just sort
of standard in the practice is positive pressure. W
have positive pressure on all of the atnospheric, all
of the parts of the systemwhich are at atnospheric
pressure.

That's in and around the sl abs, at the
peri scope, and, and around the transport mrrors.

One is the transport mirrors are in argon and the
others are in nitrogen, or probably in air.

Al'l right, for Nova and NI F nany of the
basic systens for architecture were chosen because of
the inpact that they have on the way the systemw ||
stay or be able to be clean in the first place, or in
this case, image relays and filters.

Those are the transport spati al
filters, the two that you've seen. Those reduce the
spi king on the laser making the |aser |ess
susceptible to dirt that mght be on any of the
optics al ong the way.

In addition to that we've put bl ast
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shields, a protective |ayer of glass, between the
flash lanps and the slabs. The, the flash | anp
region is substantially dirtier than what we want
around the sl ab.

Done in both Nova and NI F, we have
vertical slab orientation. You've seen many tinmes
now t he pictures of those slabs which are in there
like that (denpnstrating) so the dirt falls past the
sl abs rather than on the sl abs.

Al'l right, we have gas purge through
the anplifiers, both Nova and NIF, you heard about
yest er day.

And then the optics assenbly. Air is
in a Cass 100 clean room the part where we put the
pi eces together.

Al'l right, the things newin N F were
the bottom | oading LRUs that you' ve seen all over the
place, and I'll talk a little nore about today. W
have the transport of the LRU fromthe assenbly area
into the lasers in this transport system the clean
roomthat drives around.

W have a seal ed | ow pressure final
optics assenbly region in order to achieve -- If
you're in a very |low pressure region and you have

dirt, what, what, what, what keeps the dirt out there
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in the air where it can fall on things or fall on
m grate and be knocked around is the air supporting
it. If you have a |l ow pressure is that dirt falls
like a rock to the bottom of wherever it is.

Al'l right, and then finally we added
sonmething to this flash field region in NIF which is
a hernetic shield between the flash | anps and the
sl abs so that now dirt cannot even sneak around the
edges.

Ckay, one of the things that | also
want to talk about right nowis, before we go any
further, is that we're not doing this by ourselves.
W' re not thinking about this problem by oursel ves,
all right?

In a manner that's been consistent with
the laser programfor sone tinme, and it's conti nuing
in NIF, we have collaboration with people in the
various industries in the United States which are
al so concerned about cleanliness. W've taken a | ook
in particular and said, "Were are the people who
have lives that have problens |ike ours?"

And then primarily they're in the wafer
fab and slab fab and transport parts of the world.
And so we've enphasi zed the people that we have

supporting us fromthese particular areas, all right?
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These, these folks right here in |l arge
part are often living with us; not constantly, but
when they are here they spend substantial anounts of
tinme here.

** Ahmed Busnmana spent his so-called
summer vacation with us hel ping us working on any
nunber of things that are related to our cleanliness
i ssue. He was an essential part with figuring out
the issues of putting gas purge in the anplifiers.

Don Wadkins has built, for 17 years has
been building clean wafer slab facilities. He's
devel oping the protocols for putting ours together

Vern LaFavre from Lockheed-Martin, he
spent his life putting satellites together and
shi ppi ng them back and forth fromthe cape and
everywhere. So he's helping us with the assenbly
procedures.

He's hel pi ng us design them and then
he's reviewing all of the docunents that we put
together and re-writing themas appropriate to make
sure that they neet the specs., as he would say.

TimSelf is a, is a president of a
consul ting conpany. About 150 fol ks he has working
with himthat do consulting for high purity piping

for industries all over the United States. He's the
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key guy in designing our plunbing and piping system

Al'l right, Astro Pack, Brent Ekstrand,
you're going to see that facility perhaps; | don't
know for sure whether or not you will, but 1"l
surely show you sone pictures of it. This is for the
cl eaning of our |arge vessels and beam tubes.

And then <supedze> Hergain is |ots of
experiment in the technology. He's hel ping us put
together all the technology that we send out to
vendors on the type of cleaning and those parts that
conme back to us.

And we have a tel ephone set, other
folks. Basically they're here for a few days or we
call themon the tel ephone; we have a specific
guestion and say, "Help us."

DR VOGT: What's the mddle?

DR. SPAETH What's the mddle? On,
I"'mgoing to tell you. Can you wait just for ten
m nutes? Ckay.

Ckay, you've seen this picture of the
beam path before nunbers of tinmes. People have
showed it to you

This is what we use when we're talking
about how the |ight gets down the systens and what

the issues are with the light. [If we take the sane
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approach and we draw that, that systemwith, with
regards to the cleanliness of the systemit gets a
little bit, a fewnore itens on it.

Thi s sustai ned cartoon, now what |'ve
done for this one is |I've highlighted in red those
items of the systemthat we are nobst concerned with
for cleanliness. You'll see that those are the
surfaces of the slabs, the surfaces of the vacuum
barriers at the spatial filters, both sets of them
the surfaces at the switch, all of the surfaces in
the 3-Onega optics area, and the surface of this one
di agnostic up here that's a diagnostic beamsplitter
at that |ocation.

Al right, so nowl'mgoing to get to
that part of the talk where I've said |'mgoing to
tal k about why cleanliness is inmportant. All right,
first of all we're worried about anything that
happens to damage a | aser sl ab

Back in the back of the roomthere is a
| aser slab, and what | have in this box is a, a, a
little hand-hel d self-supporting mcroscope. At the
break we can take that nicroscope and | ook at sone of
t he damage spots on that slab so you can see in the
flesh what it is we're concerned about.

Al right, we're also worried about
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reduced transmi ssion of the sol-gel coating. You
say, "Wat is a sol-gel coating?" |I'mgoing to tel
you that one, too, in just a few nonents.

Al right, | think Ed related to you
but 1'mgoing to explain to you the issues related to
those with respect to cleanliness, and then |'m not
really going to talk to you about this because LI oyd
talked to you about it quite a bit yesterday other
than to say that one of the things Lloyd is worried
about is initiation sites.

If a piece of dirt gets on that 3-QOrega
it can be an initiation site just as well as any of
t he ot her kinds of defects that he tal ked about. So
we find that it's very inportant to keep that area
clean as well.

Ckay, so this is what damage | ooks |ike
to a laser slab, all right? This is not the sane
ki nd of danage that Lloyd talked to you about that
burrows into the gl ass.

For the nost part this is a surface
phenonenon, all right, and it happens not because a
| aser light hits it for the nost part. It happens
for the nost part because of things that happen when
the flashlight is flashing and depositing energy on

t hat service
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What happens is if you have a little
bit of dirt on the surface, that dirt equilibrates
with the tenperature of the flash lanp. So that
little piece of dirt can go up to sonething like
10, 000 degrees in tenperature.

And what it does, it's, that's hot. It
transmts that heat to the surrounds.

That surrounds m ght be a piece of
glass if it's laying (sic) on the surface and it
crazes the surface like if you took a blow torch to
the surface of the glass very quickly, would craze
the glass. That's the kind of surface danage we see
come on the laser glass for the nost part.

Al'l right, and when that dianeter is
first observed to the first order it, it's about
eight times the size, or the area's about 64 tines
the size of the area of the piece of dirt which was
on the glass. So it gets, it's a couple of orders of
magni tude bigger in area on the space that it's
i mpacting than the size of the dirt in the first
pl ace.

And that kind of damage is caused by
all kinds of contam nates. The kinds we've tested
and found, either found or deliberately put on the

gl ass include these kinds of things and another |ist
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that goes down as long as your arm

It's all the kinds of things that you
find in the world and that you find in | aser
assenblies around them Ckay, so the first thing
want to talk about is: Wy do we care?

You'll ook at that piece of glass and
unl ess you have that piece, that mcroscope with you
when you're | ooking very closely, |ooks like a
beautiful piece of glass. Wy do we care that those
little spots happen?

Ckay, we care for a couple of reasons.
The first spot, the first reason is the one that
woul d just occur to you probably automatically
wi thout me talking to you about it, and that's that
it can scatter light out of the beam and just becone
a loss of the |aser energy, a loss termthat just
kicks light out, light that you woul d otherw se be
able to use.

And when it's doing that it's also
i ncreasi ng the beam nodul ati on. "Modul ation" is the
termwe use to tal k about the spikiness on the beam

So if there's sonething in the path of
the beam all right, it's going to nmake a little
hole. And that little hole is going to have a

spi ki ness that grows.
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So, overall it's going to contribute to
t hat nodul ati on which overall in the end is going to
affect the fuse. The fuse is the 3-Onega optics.

Qur optical fuse is we design the
system so that 3-Onega optics are at their maxi num
stress level. W do that because otherw se we woul d
be wasting all of the capital everywhere else in the
system all right.

But that nmeans we have to keep that
modul ation to the mnimum | evel that we can, that we
can imagine. Al right, so let's |Iook at what
happens when you put a little piece of dirt on a
pi ece of gl ass downstream because it turns out that
in many cases this is the thing that we worry about
nore than that loss to the laser |ight.

And that's sonething that has kind of a
funny nanme, which is called hot focusing of
obscurations. Al right, so what is that?

W put alittle piece of dirt here.
Renenber, we have a | aser beam which is noving al ong
this, this direction right here.

The intensity profile of that |aser
beam ri ght here, assuning that we're doing things
perfectly all right, would cone up like this, go in,

across, and cone down here so what we're | ooking at
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is the profile of the laser |ight.

You don't want to have a very sharp
edge because that would lead to all kinds of
nodul ati on downstream This little soft streamis
conctentrically to give you nmaxi num energy out of the
| asers and m ni mum nodul ati on downstream that
configuration

So, that's the shape. Now it cones and
sees the little piece of dirt. Wen it sees the
piece of dirt it puts a black spot. There is no
intensity where that piece of dirt, or where that
damage spot was.

* Al'l right, now because light has a
wave nature we're going to get ringing. W' re going
to see the inpact of that ringing, or the inpact turn
up in rings around the |ocation of where that damage
spot was.

And as a, the beam propagates through
the system that ring is going to get bigger, al
right? Now, what happens is that in a, the |ight
intensity in the laser slabs is so intense that the
i ndex of refraction is a function of the intensity of
the light, all right?

So that where the light intensity is

hi gher, the index of refraction is higher in the
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glass. Wen the light intensity is |ower, the index
of refraction is |ower.

So, when that happens right at
somewhere around in here we're having a pattern of
the intensity of the light that | ooks something |ike
this in the slab, and now what we're doing is we're
making little rings that have different index of
refraction as you go out. Those different index of
refraction is nmaking this thing behave just like a
Fresnel |ens.

Al'l right, so nowthe size of the, the
damage spot was little tiny, but the size of the
Fresnel lens that is now being able to drag energy
out of the main beamis substantially larger than the
size of that original damage spot, all right. And
then as that Fresnel |ens which is being generated by
this danage spot collects energy out of the beam it
focuses back downstream sonepl ace else in the | aser
system causing a very high bit of nodul ation

Now, where we're particularly concerned
about that happening is at one of the vacuum
barriers. |'ve drawn this |like a lens, and that's
because |'ve drawn it to indicate in a cartoony sort
of way that this could be the entrance | ength or the

safety spatial filter, for exanple.
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And if that damage spot, if this inpact
of this Fresnel lens is focused on the back spot, the
back sides of that |ens, that's where nmaxi num stress
is on that |ens because of the vacuumthat's in after
the spatial filter, and where the systemis nost
susceptible to damage. This is one of the health and
safety issues that we worry about for the system

I nean, there are layers and | ayers
that we are protecting on that, that system but one
of the layers is not to ever |let that damage spot
occur in the first place, all right? And so we put
limts on the size of this damage that can occur at
various places along this chain so that we don't
cause a danmage spot down here that woul d cause the
kind of problemthat | just alluded to.

Al'l right, so that's why we care about
damage on surfaces, on optic surfaces. Now, why do
we care about damage, why do we care about dirt being
on the sides of the vessel?

What, what are they harm, what harm
are they over there on the sides of the vessel?
Ceneral ly when you have a snmall particle on the
surface they're very hard to di scharge.

They are held on by van der Waals or

el ectrostatic forces, and these are very high G
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forces. They can hold very tightly if they're a very
smal | particle.

What happens, as Ed |ikes to say, the
second bi ggest problemw th the second bi ggest
generator will be ghosts. So when we have
scattering, that scattering still represents very
| arge anmounts of energy, and that energy is coning
out at sonething like 20 to 30 nanoseconds.

So when that scattered light hits the
surface of the vessels, a snall area -- |'msorry.
went the wong way. And what it does, it just pops,
pops the dust particles, those small little forces of
t housands of G in that category, can pop those
particles off the surface, then letting them go
wher ever they woul d go.

They're just free, free, free
particles, and can then again give us the concern for
the optical surfaces once nore.

Al'l right, and then | also tal ked a
l[ittle bit about these nonvol atile residues
yest erday, although |I night not have called them
that. These were the organics that we tal ked about
settling on the walls.

They' re everywhere. You can't avoid

t hem
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You can minimnze them but you can't
avoid them Al right, when they're flash pyrolyzed
by the flash | anps they can becone aerosols and they
can settle on optical surfaces as well.

Ckay, so now | ' mgoing to tal k about
sol -gel coatings for a nmonent. What are sol-ge
coati ngs?

Ckay. Al right. People have nade
their reflection coatings such as many of you and |
have on ny gl asses, which we want to be able to see
things clearly without distortion, so we put these on
sonme of your gl asses.

VWl l, sol-gel antireflection coatings
have been here, around since the '60s. They were
reduced to a practical format Livernore in the early
' 80s.

They have very hi gh danage threshol ds.
The ki nd of coatings on ny gl asses woul d danage, at
the regions where the |asers want to use themthey
woul d damage.

There are sonme work goi ng on, but
certainly historically they damage. They have | ow
manuf acturing cost, and they get very good
reflectivity, in the range of a-tenth of a percent to

.25 percent when the coatings are new.
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Ckay, how do these things work? Wat
they do, they're dipped in a solution, an al cohol
that becones silica, SiQ2, and that, as you pull that
out of here to the surface, as you pull the surfaces
out of the solution and they formthese microballs of
silica, but the nmicroballs are porous w thin them and
they are porous between them and so what you form
it is a graded index.

You have a graded index naterial with a
density which is selected such that it has just the
right index of reflection to refraction to nmake the
reflectivity fromhere to the glass substrate very,
very small. Al right, so this is a mcrograph of
what it |ooks |ike.

This particular one is a 3-Onega
coating, and you can see the size of the balls. And
a-quarter wavelength at 3-Omega. And this is froma
little bit different angling so you can see now
you' re | ooki ng down on the coati ng.

You can see what the norphol ogy of this
thing |l ooks |ike, okay? You can see they are very
porous structures, like | say, not only between the
balls, but within the balls.

The surface area at 1-Qrega i s about

100 tines any particular piece of surface as the
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surface area of the thing that it's covering, and so
because of this very large surface area, it can act
as a getter for contam nants.

Al'l right, so when those contam nants
get in the coating, they increase the reflective
i ndex. They increase the reflectivity and decrease
this transm ssion, increasing the anount of ghosts
that you have bouncing around the pl ace.

Now, how does that contamination get in
there? Well, it gets in there because you have a
vapor pressure for those things that are on the
wal | s, those organics that are on the walls.

They have a vapor pressure, all right,
particularly in the vacuum areas. Those parti cl es,
when they leave the wall, can nove very, very rapidly
to the surfaces that are sol-gel coated. And because
this has a very large effective surface area it can
act as a, as a, there can be nmass transport from here
onto the sol-gel coated surface.

Al'l right, in the regions which are
near atnospheric pressure the same issue happens, but
it happens at a nmuch slower rate because it's sl owed
down by diffusion. So it mght take nonths or years
to happen in atnosphere. In the vacuumconditions it

can happen in hours, all right?
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| realize that when | | ooked over ny
vi ewgraphs | ast night | hadn't shown you sone of the
things that we were doing about this besides
cleanliness, so | don't want you to think that this
topic of the sol-gel coating problemis being un-,
un-, unwatched over and being dealt with on a regul ar
basi s.

This is the sol-gel coating as we put
it on as a function. This is, this is the, the
wei ght absorbed, and | want -- Well, | don't have the
one | want.

This, this shows you the -- This, |
pi cked this up very rapidly this norning. Wat
happens is the reflectivity is doing sonething |ike
t hese curves, although | don't have the one that has
reflectivity over here.

So, as we put it on as it's, as we get
it out of, out of that box and let it dry, the inpact
of the contaninants is very high. W're looking at a
variety of ways to treat that surfaces, to harden
that surfaces, to reduce the porosity in ways that we
can reduce the sensitivity.

That doesn't nean it's not sensitive.

It just has |lower sensitivity to the inpact of the

cont am nants.
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So, both are inportant. Doing these
kinds of things are inportant, and keeping the MVRs
off the walls are inportant. So that's sort of: Wy
is it cleanliness is inportant to us?

Al'l right, now we want to tal k about
what are the things in the NIF systemthat have to be
clean. Well, there have to be sone | evel of
cl eanl i ness everywhere we work.

And the applications where we work are
in the fab. lab.; either the |aser bay or the
switchyard or the target bay, all right? in the, in
the optics assenbly building where we put the LRUs
together; in the, the OPDL, another place where we
clean optics and get themready, process optics and
get themready; and in the anplifier assenbly roons,
t hose big boxes that go around the assenbly area,
these guys right here. Were those are assenbl ed has
to be cl eaned.

Then inside the beam path, inside the
vacuum vessel s, the cavity spatial filter, and the
transport spatial filter, and the vessels that are
with them they have to be cleaned. The final optics
beam path we've tal ked about yesterday, this is the
mai n | aser beam path, all optical surfaces anywhere,

in the target chanmber and inside the injection |asers



SEAB 2d NI F Task Force 28

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

cl osure where everything starts.

Al'l right, and then inside any vol unes
that connect to this beam path which is the
utilities, first of all, the utilities that are
downstream of the filters, the filters that protect
the | aser. Sonmewhere in here there's a filter, al
right?

And so the utilities downstream of the
filter have to be as clean as the beam path, but
utilities upstreamof the filter can be sonewhat |ess
clean. Al right, the flash lanp utilities is
simlar, and those transportation vehicles that we've
tal ked about in the past.

So now | just want to review. \ere
are all those things? Al right?

From a physical point of viewthe
things that we worry about, here's that L-path, okay?
The OAB is right next to it, with an adjoining
corridor.

There's the FAU assenbly area. Here's
the OPDL, and we store things.

Sone things cone in clean, clean and
packaged. W store these things over in the
war ehouse. We've tried to store these things close

toget her so our, our transportation issues are
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mnimzed, all right?

I nside, the next thing that have to be
cl ean were those things inside the beam path.
Renenber, that beam path goes here, up, and then
here, right?

And then onto the switchyard and into
the target chanmber. So that's where the beam path
is, and these are sone of those utilities.

You can see them here. Sane things
here.

Ckay, so now let's just talk in a
little bit nore particularly, and I'm there's sone
units on here I'mnot going to quite get to, but how
were these various pieces where we have things
cl eaned conpared to other things that you're famliar
with? Al right.

First of all, the, ny base, the | aser
bay, the switchyard, and the target bay basically to
first order, they're about as clean as your house,
maybe about as clean as this room okay? W took a
measurenent of this roomhalf an hour ago, okay? It
was about 50,000 conpared to this nunber right here
of 100, 000, so about as clean as this room okay?

They have a 49-foot ceiling, zero

external filters, the flowthrough in the systemis
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about 11 feet per minute, and there's about 14 air
changes per hour in, in, in those bays.

Al right, now let's talk about OAB,
where we clean parts that are going to be going into
parts that will be the assenbly. |In those parts we,
we'll get to what this nunber neans, O ass 1, 000.

That's typical for the kind of
facilities where you'd put a satellite together, al
right? They have, in our OAB we have 14-feet
ceilings, 35 to 50 termnal filters, little higher
vel ocity, and about 160 air changes per mnute (sic).

Ckay. Al right.

And then in the places where we
actually do the assenbly we're in sonmething |ike
Cass 100, all right? Simlar to work in a
phar naceuti cal or some of the ol der wafer fab pl aces.

Ckay, again, 14-foot ceilings, this
kind of stuff, 320 air changes per mnute (sic),
and --

DR, RICHTER: Wiy does it nmke sense to
do your assenbly in a cleaner place than you did your
cleaning? It's already dirty at the dass 1,000
| evel .

DR. SPAETH Well, we're going to talk

about sonething called "exposure." How nuch tine,
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how nuch dirt it is.

Renenber, we don't really care what is
in the area around us nuch of the time. W care what
is on the surface.

DR RICHTER:  Uh- huh.

DR. SPAETH  Ckay, so when those
surfaces are being cleaned in their cleaning vats,
the, the ultimte sonic cleaners, whatever, those
surfaces are very clean, all right? And if they cone
out of there and they have little tinme in which they
are exposed to that |evel of cleanliness and w apped,
they' Il still stay clean, all right?

So as long as they're contained with a
short exposure tinme, the cleanliness of the room
doesn't have to be as severe. The assenbly areas,
they' re exposed for a |onger period of tine and so
the cl eanliness of the roomhas to be better.

Ckay, and then let's tal k about --
Vell, first of all, before we get to this one, let's
talk about this thing in general. Wat, where does
the dirt cone fron®

Ckay? For the nost part the dirt cones
frompeople. Al right, we are very dirty things.

W emit dirt, all right? W carry

around dirt, and we kick up dirt, all right? So that
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the places that are naking all of these things dirty
were the activities or the, or the nmere presence of
t he peopl e.

Al'l right, so now we cone to we talk
about the clean, this, the, the, the beamline. The
beam i ne doesn't have any people in it, okay?

The beanmline has things. The thing
that nakes things dirty in the beamine are those
flash |l anps or those ghosts that are kicking around,
all right?

So in the beamine we were aimng for
Class 1. Al right, they are about 17 in height.
They have 100-percent terminal filters.

Every one these things is term, is, is
terminal in the filter before it goes to beanli ne.
Ckay, the velocity around the slaps is about two feet
per minute, and those are consistent with that
calculation | showed you yesterday, all right?

And we have about 20 air exchanges per
hour in that region with that 30-percent volune flow
that | talked to you about yesterday.

Ckay, so now | want to talk a little
bit about niche boxes, okay? |, | want to use this
as a cartoon that I'mgoing to use repeatedly during

the day, during this norning, to go back and forth to
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tal k about different issues that we're facing.

Al'l right, so the general strategy you
have probably figured out for the | ong-term operation
of NIF is to have areas that are very cl ean where we
clean the parts, to take a transportation vehicle
over here, to take that very clean part to drop it in
this mni clean room to then take that
transportation vehicle with its little nini clean
roomoperating to bring it over, and then to stuff
the LRU into the beanmine where it belongs via a very
cl ean exchange mechani sm

And | believe you saw sone of these
parts in, on your tour the other day. Al right, so
this approach, this SMF, we call this a SMF box
appr oach.

And we didn't, we didn't inagine this
term The sem conductor people nmade this SMF. It
stands for "Standard Mechanical Interface," al
right?

And this is where it cane from This,
here's a stack of wafers that are in a, in a real
SM F box, okay, and the sem conductor industry has
standardi zed on the interfaces for what these kind of
contai ners are.

I can get a container, a SMF box nade
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by one manufacturer and have it fit perfectly into a
facility that's doing sonething else that's nmade by
anot her manuf acturer because the standards have been
establ i shed for what that interface should be.

Al right this wants to be a Cass 1.
It's going to travel through roons which are
substantially dirtier than that as it gets there, and
so we are mncking the success that the
sem conduct or industry has had with this approach
when we use this SMF, SMF box approach.

Al'l right, so you know all the tests
that we have done today are, | ook very good. They're
very encour agi ng.

We're happy with the way that's going,
so this part of the system this would correspond
with the | ong-range operational point of viewof NF
that Ed had yesterday. Looks fine.

Al'l right, the issues that we're faced
with, then, is that this high bay is a relatively
dirty place. It's as clean as this room which is
not very cl ean.

Al'l right, how are we going to take
these parts which need to be very clean and need to
have walls that are very clean, and put them together

in a situation that is dirty where it's nuch nore
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difficult tolimt the type, to linmt the exposure of
what's going on than it is when you're just taking
sonmet hi ng out of an ultrasonic cleaner and putting it
over there?

Al'l right, so this is the challenge:
How do we assenble a clean beampath in a dirty roonf

Ckay, now I'mgoing to switch to that
part of the topic that | talked to you about with the
| anguage of the clean room So far |'ve been very,
very glib and very fast and | oose with "dirty,"
"“clean," and et cetera, and things |ike that.

Wiat 1'd like to do nowis talk a
l[ittle bit nore about: Wat are the units that I'm
tal king about? And what do we nean by these units?

Ckay, so we characterize areas in two
ways. We characterize volunes and we characteri ze
surfaces.

So what |'ve, what, what, what is drawn
here is a volunme, and at the bottom of this vol une
there is a surface, all right? So volunes are
characterized by a paranmeter called their class, and
that class is nmeasured as particles per cubic foot
which are greater than .5 nicron of a certain anount.

For example, |I'mgoing to show you --

Here, let's, let's, let's switch right here to this
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next vi ewgraph and then go back to this one.

Ckay, so read the yell ow box first of
all. The intersection of 100 particles per cubic
foot with a particle size of .5 mcrons defines a
Class 1 aerosol. This is a page out of ny standard
209-E, all right?

And so what you have is a series of
lines, and these lines represent, by the way, a
distribution of particle size.

If you, if you studied the particulate
or aerosol formation, you find out there's a general
character that's common, or all aerosol, whether they
come from snoke stacks, the exhaust in your car, a
| aser, or wherever they cone from they have the sane
general character, is that there are a |lot nore of
the little ones than there are of the big ones.

And in general, the, the, the
relationship is, plots as a straight line on a | og,
| og path between the nunbers there are at the various
sizes, okay? So we look at this |ine here.

This line is called a Cass 100, and at
that point we've got, we read the particles .5
mcrons, so this is the nunber of particles that are
greater than

The ways these, these are, these are
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i ke sonme, the nunmber of particles that are greater
than that size, and each point is read greater than
that size. So this is the nunber of particles
greater than .5 nmicron crossing the line of 100
particles per foot.

The at nosphere that is characterized by
that line is called a Cass 100 environnent.

Ckay, so now let's go back and | ook at
the other ones, all right? There's a simlar thing
that's done for surfaces and particles, and that is
that particles are neasured as levels, and that's the
particles per square foot, square foot now because
we've got area, that are greater than, not .5
m crons, but 5 m crons.

And this is what the curve there | ooks,
as far as federal standard for that one. Now, this
i s something of an unusual curve.

The last one was just a log, |og blot.
Ckay, this is a log, and | ook at this curve.

There's a decade, there's a decade,
there's a decade. Okay, this is unusual, but this is
t he standard.

I'"msure they knew what they're talking
about, okay? And if you |l ook at these, are sort of

visibly dirty, these are visibly clean, and these are
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very, very scattered surfaces.

And these are the things we're | ooking
at Level 50 for the large optics, Level 100 for the
structures around the optic, and then the target
chanber, which nmakes itself dirty fromthe debris of
the target going off, the Level 300.

Al'l right, so now we've tal ked about
particles and volumes and on surfaces. Now let's
talk a little bit about organics.

Organics were neasured for the vol une
at partial pressure, all right, parts per nillion,
sonething like that. And when they're on surfaces,
we measure them as nonvoluntarily tine residue in
your, as we've tal ked about earlier, and those were
characterized by letters of the al phabet, all right?

And | will show you those in a nonent,
but before | get to those | want to just tal k about
what the levels are for all those places. W talked
about the areas that needed to be clean. Now we talk
about how cl ean they need to be.

And this chart, fromboth the vi ewpoint
of the volunetric cleanliness and fromthe surface,
the surface cleanliness as we put this system
together, and | think we've nentioned those nunbers

wel | enough long, there's probably not any big
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surprises as you look at that chart.

Now, there's one thing that's also
i mportant that we alluded to a little bit, a few
nmonents ago, okay, is that exposure is -- Let ne skip
that sentence. Let ne go back a sentence.

There is a relationshi p between what
t he at nospheric level is in the volume of this box
and the, the level, that is the class of this box,
and the level of surface particulates that show up on
t he bottom

Let's suppose that we took that box and
we've closed it off. W don't let anything in and we
don't disturb it. Wat's going to happen?

Ckay, the stuff that's in the air is
going to fall as its terminal velocity until it hits
the floor. And sonme of the bigger ones happen pretty
fast -- within a-half an hour. And so a |lot of them
will be on the ground, all right?

And so however, how dirty this gets is,
is a neasure, or is, will be represented by how dirty
t he at nosphere was when we started this little
experiment, all right? And so the tine that you have
a surface exposed to a class above it, the product of
the surface and the tine we call the "exposure," al

right?
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And so the, the exposure is the anpunt,
is the product of the class tinmes the tine it was
exposed to that class. And the level that we want,
or the level that we will get if we do that kind of
exposure can be found mat henatically.

We can wite this as with, if we know
the air currents, you know. | mean, it's a rough
cal cul ati on because you have to know those air
currents very well to do it exactly, but you can at
| east get a rough neasure of what's going to be.

Al right? And so we've done that
rough neasure. And we say, "Ckay, if we want |evels
to be no worse than a Level 100 in our |aser, then
what ki nd of exposure can this particular thing has
(sic) as we're putting it all together?"

We can cal cul ate then the bundl es that
we have, and how we have to operate all of our
systens. All right, so this is the result of that
cal cul ation

We start with a Level 83 surface as it
conmes froma particular part of our cleaning process.
As we are installing it in systemwe will allowit to
go up to a Level 100 surface, and, and we can
cal culate putting the nunbers in for the kind of

situati on we expect.
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W find that this, we get an all owable
exposure of 20,000 class hours for being able to put
things together in this dirty atnosphere, all right?
Now we want to go back to this one a little bit and
talk just a bit about that NVR, the NVR here one
nore, one nore tine.

| don't think that we need to spend
hardly any tinme on this. This is just once again to
represent that the partial pressure -- W do that
sanme sort of analysis for the organics, the vol une,
and the |evel.

It's now not driven by gravity. It's
driven by the partial pressure of whatever is hitting
the wal | .

We can calculate in a sinilar way we
did with I evel what we can have on, what kind of
things can be allowed to be on the wall in order to
keep the partial pressure here at a certain point so
that won't drive some other contam nation point
somewhere else in the system

And then as a measure this is where |
want to tell you a little bit about that they're
characterized by letters of the al phabet. So if, if
we have this level, a mnmicrogram per square centinmeter

of organics on the surfaces of the tiers, then
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they' re characterized by these letters of the
al phabet .

They started out, no doubt, with these,
and then they figured out how to nmake things cleaner
and so there were, there were no letters |left above
A, And so we just decided to do A over 5, A over 3,
A over 10, et cetera, okay?

At an A over 10 you're at approximtely
.37 nanoneters thick. Your average at top is about
.2 to .37 nanoneters, so you're looking at a little
bit nore than a nonol ayer or so on average when
you're at an A over 10 level for your surfaces.

Ckay, the next one |I'mjust going to
skip. It's alittle bit esoteric, which we use, but
I think we can nanage to skip for today's discussion

So now if we add to our chart not just
particles that we've | ooked at before, but we al so
add the organic concentrations that we are all owed at
various places on this system you'll see these
nunbers. And there's a reference to that chart that
| skipped which is inportant to us, but it really is
sonething that is a little bit nore detailed than we
want to tal k about today.

Ckay, so now we go back to our question

about how do we assenble a, clean parts in a dirty,
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inadirty roon? Al right, first of all we start
out by cleaning the parts and we package them for
transport.

Al right, let's talk about how this
was done in the past.

You know, this mght be a good place to

take that break. Wat do you think? | can, | can
keep going. Bob says keep going. Okay, |'ll keep
goi ng.

Ckay. Sane old chart again. Here are
t he years.

How do we do Sheba and Nova? Because
we were very concerned about cl eaning, cleaning
there. You know, | nean, Emett was, you know, he
hypervental ated on the topic of having things clean.
Ckay, so how do we do it then?

Vel l, what we did was a high-pressure
spray wash using freon. Now we didn't know about
NVRs at that point.

That | evel of thinking hadn't occurred
to us. W were concerned about particul ates, but
that freon we now believe was cl eaning those NVRs up
like crazy, getting not just the particul ates, but
al so the organics off the walls.

Ckay, so after we put those guys
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t oget her, what happened? GCkay, we realized that
freon was not a good idea to spray around the
at nosphere in fairly large quantities, all right?

And so the use of freon by
international treaty was forbidden to us beyond that
point in time. So what happened?

Wl l, the Laboratory as a whol e,

Engi neeri ng Departnent put together a package, and
supported in collaboration with the Laser Departnent,
put together a package of, or a whole set of
activities of looking for alternatives to cleaning
with freon. And these are sonme of the things that
that, that they | ooked at.

They | ooked at -- And, and they did
very careful qualification of all of these
opportunities, all right? Cleaning with CO2. You
know, if ina, ina, in a dust form

C eaning with high-pressure water wash
Sonetinmes this water wash had a detergent mixed with
it. Sonetinmes it was a water wash with a detergent
foll owed by a pure-water wash, pure-water rinse, al
right?

Sonetinmes it was organics that were
bei ng wi ped and cl eaned off the surfaces. Steam

cl eani ng and vacuum cl eani ng.
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And these things were characterized to
give the following kinds of results: Al right, so
you see that neither steamcleaning or vacuum
cleaning | ooked all that great conpared to the other
al ternatives.

But wi ping with sonme of the -- This
particul ar one was isopropyl alcohol. Looked at
usi ng C2 cl eaning, and using wth high-pressure
water were normally in the sanme categories of things
that, that you would be concerned with.

So now you have to think about: What
are the other aspects of the job other than getting
the job clean, or parts clean? WlIl, you al so have
to worry about how well they get the NVRs off, and
you have to worry about whether or not you can
actually do this in the real world for that
particul ar part.

And you have to worry about how nuch it
costs to do that kind of stuff in the real world, al
right? So when you throwin all the rest of those
tradeoffs, what conmes off is, in many cases, for nany
different things, the best solution, and which, by
the way, works damm near well as freon, high-pressure
freon wash, is plain old soap and water, all right?

It's the high-pressure, really
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hi gh-pressure surfactant spray. Surfactant has got a
detergent init, the water, followed by a hot
hi gh- pressure water rinse.

And Beanlet, a lot of the parts for
Beanml et were cleaned that way. Not the big ones,
because we didn't have the big capability.

But anything that was small enough to
fit in the cleaning chanbers we done, we used were
cleaned that way. And in NIF you can see we've nade
preparations to clean even the very large parts in
this fashion.

Ckay, so here's a picture. What we did
was we, we put together a, a, a package, a
procurenent package to | ook across the United States
for who could clean vessels at the size that we
needed.

There are very few, all right? Astro
Pack was one of them

Astro Pack won that conpetitive
process, and they've put together a facility on site
for cleaning our very large vessels. And this is one
of our vessels cleaned. | say it's local on site.
It's alittle bit off.

It's not within the bounds, but it's in

very close driving range as far as, as, the
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transportation concerns are the sane as if it were on
site, all right? So Astro Pack for cleaning these
vessel s.

And t hey have denonstrated contai nment.
We're renoving surface particles to Level 8, so,
which is what we, beyond averaged NVRs to the
A-over-10 | evel.

Here's a picture then what we say, and
that other bullet is. And we package them for
delivery, all right?

So here we are. Here, that's in that
10-to- clean roomin a warehouse in Astro Pack
facility near here where we've packaged one of the
center vessels for, |ooks |likes a center vessel at
| east, for a delivery over to the L Tab

And we' ve adapted a piece of Air Force
equi pnent, all right, be able to handle -- This
particular one is a 40-ton vessel. Ckay, you can't
just pick that up like a tea cup, all right?

You have to have special handling
equi pnent, special transportation equi pnment to dea
with it, package it, wap it and nove it over to
where it's to be, all right? And so that's al so
bei ng done locally here right next to, to Livernore.

DR. BYER. Wat are the organic
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outcasts of the properties of the wapping material ?

DR. SPAETH Well, actually I'mnot in
the roomright now, so | can't tell you exactly, but
we've done -- They ain't vinyl. W've done, we've
done a survey of all of the, all of the, all of the
materials that are avail able, and, you know, it's
like it's not substantially alter the NVR | evel s that
we, you would pick up in the roomunless you get into
two- to three-year tinmefrane.

Ckay, so our next step, we clean the
parts. W package them for transport.

Now we have to transport, clean and
packaged, to the L-Tab, and we have to nmake the
connections while staying within this maxi num
al | onabl e class/tine product that we tal ked about
before, all right? So I'mgoing to skip that
transportation one.

I'd let you trust nme that we, we have
figured out howto carry them Lab has good rigors,
okay?

And let's tal k about what the problem
is of actually making these connections now. Al
right?

Let's | ook at one | aser bay, for

exanple, all right? And the nunber of closures in
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one | aser bay is about 60, pardon ne, 600, and we
call these flange-to-flange because it's one flange
com ng up and neeting with another flange, right?

Al'l right, these are the typical nunber
of connections per bundle as you | ook along, along a
beamine. So it's non-, it's a nontrivial issue,
nontrivial problem

Al right, if we take that and we | ook
alittle bit wider view at the entire L-pad, and put
those 600 cl osures per beanline, pardon ne, per, per
per | aser bay in addition to these
fl ange-to-fl anget ype connections, there's about 1,000
pi pi ng connections going on through these utility
guys over here, all right?

In addition to that, in the switchyard
there are around 400 connections in the swtchyard,
and anot her 500 connections in the region of the
target bays, all right? So a total of sonething like
4,500 connections that we have to nmake clean in order
to put this sucker together.

Al right, nowlet's |look at the kind
of conditions under which these connections are being
made. All right? These are the kinds of things that
are happening in, over the tine as we're putting it

together, all right?
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Here we're open to the outside. Means
we were dirty.

Here we've got a roll-up door. Means
we' re somewhat cl eaner

W can nanage by opening and cl osing
that door to let things in for small periods of tine.
W can nanage the tine that dirt is allowed to bl ow
into the building fromthe outside.

W still have to have this door open
still, because we're still bringing big things in.
Ckay, after this point intime w've got all the big
guys in and now we can close that roll-up door
per manent | y.

But we've still got tasks going on
inside the building that are dirty. W have
constructional materials that are going on in this
timefrane.

W' ve got wel di ng and grindi ng going
on, all right? These are generating dirt in a
variety of sorts.

Al'l right, we've got the crane in use,
which is also generating dust as it noves around.

Al right, at the sane tinme these things are naking
dirt, we're putting these things together which want

to be in a clean space.
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1 Ckay, so in this tinme we're setting the
2 vessels. As we're bringing these heavy things in,

3 we're putting themin place. And then as the

4 building is closed, we're bringing in, through

5 smal | er doors, doors that have air | ocks, the

6 anplifier FAUs and installed beam tubes.

7 And these FAUs have their own cl ean bus
8 that drives themaround. It's a clean roomthat

9 drives themaround the facility.

10 Ckay, so we have, in working with Don
11 Wadki ns we' ve set up protocols of what can happen or

12 what needs to be going on in the building, what work
13 needs to have been perforned in order to have these

14 things, to have these things, things be able to

15 happen in parallel with each other

16 And then you m ght notice how, how busy
17 are we naking the connections with sone of our

18 schedul es that we're | ooking at. These are the

19 nunber of connections that are happeni nhg per nonth,

20 180, 180, and this goes on for sone period of tinme.

21 So this, you know, we're, we're busy all right.

22 DR RICHTER  CGoes on for 30 nonths?
23 DR. SPAETH. It goes on for as many
24 months as it takes. These are only the

25 fl ange-to-fl angeconnections. And there's about half
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of those.

DR. RICHTER: But you said there were
about 6, 000.

DR. SPAETH. Right. But half of those
are flange-to-flange, half of those. So all of those
4,500 were not the big ones.

Any nunber are substantially snaller
ones, soit's alittle bit easier. And sonme of those
are pig welded in piping things, and those are
particularly easier to do.

Ckay, so we say, "All right, nowlet's
| ook at that requirenment that we have." W've told
oursel ves that we coul d have 20,000 cl ass hours in
order to do this, all right?

And we have | ooked at that kind of busy
activity, the kind of things that are going on in, in
a nearby -- As | say, we need, we need a safety
factor in here.

We're not going to push it to 20,000
class hours. W're going to have a safety factor of
about four.

This is a bit arbitrary. This is a bit
of a -- kay, and so we say we will allow ourselves
as guidance to figure out how to do that a nunber of

20,000 class hours in order to nake every one of
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t hose connections, all right?

So let's look a little nore clearly at
the L-Tab, okay? Wat does the L-Tab |ook |ike?

Al'l right, you see this piece right
here? Well, first of all, sone people have been
confused by this picture.

This is up, okay? This is the ground,
all right?

You see this piece right here? kay,
you're | ooking at that piece right here, a section

You' re | ooking at, you know, you're
| ooking at this nmuch of it. That's what, that's what
you're | ooking at here, all right?

You can see it's busy. GCkay? This is
where the lasers go, all right? This is where the
| asers go over here, all right? This is stuff which
is underneath the lasers: piping, plunbing racks,
all the kinds of things that support it.

Ckay, so when you have cl ean room
normal ly you try to have lamnar flowin an area to
make sure that that gas is really going by and taking
all the dirt out of it. It's fairly hard to i nmagi ne
laminar flowin a, ina, in aregion which is as
congested as this one.

So what we have is very clean air
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coming in, hepa filters, very clean air. W have
very good air renoval

Al'l right, what we have is a very
congested area in the mddle, so this particular room
is rated at a Class 100,000, and we have 5,000 cl ass
hours to work to nake the connection. And so we take
t hat nunmber and that nunber, we find that the tine we
have for every connection is three mnutes.

VWl |, you see, you know, probably a
flag being raised here. Gkay, our experience is that
we can't do it in three m nutes.

Qur experience, in fact -- And |I'm
going to show you a little bit how we gain this
experience in alittle bit. -- is that it takes on
the order of 30 to 60 m nutes to nake one of these
connections, and that's if we're all ready, you know,
everything ready: this here, this here, this here.
Take it off. Hunmph, everything together, all right?

And so it's apparent to us that it's
going to be inportant that we nmake these connections
in an area which is locally much cl eaner than the
room m ght be characterized at. And the way Ed |ikes
to characterize this as a physician. Hys wife's a
physi ci an.

You go to the hospital and you get a
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1 shot. You can go in filthy. They could care.

2 They rol e up your sleeve, swab the area
3 clean, take that clean needle and jab it in and punp

4 it out and the skin seals. Now, nobody, none of that
5 dirt that's all over you got into that wound because

6 locally you were very clean, all right?

7 And that's the sanme kind of thinking

8 that we have to have when we're putting this system

9 together, all right? W have to make a spot in that

10 area which is clean even though the entire room nay
11 not be that way at all tines, okay?

12 So one of the working groups that we
13 have in Systens Engineering is called the

14 Fl ange-t o- Fl ange Working Group. And as their nane

15 inmplies, they worry about this kind of problem

16 The kind of things that they worry

17 about are: Wat kind of protocols do you have to

18 acconplish in order to make this kind of connection
19 possi bl e? Wat kind of protective covers?

20 These are the ones that you just asked

21 me about. How do you pick thenf

22 How do you critique themfor being
23 pi cked? Ckay, what is the sequence for how you put
24 that, those closures next to each other?

25 What do you have ready? Wat do you
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take apart when you're getting, and how nmuch do you
kindly close the, close the, in the open region?

Al right. And then one that's al so
important to us that, just as you know t he
technician's and the nmechani cal engineer's place is
what do you do with those confounded gaskets that you
have all over the place that, that like to fall out,
okay?

Anot her thing that this Flange, the
Fl ange Worki ng Group has been responsi bl e for has
been experinental evaluations of this connection
procedure and the associated protocol to have to go
with that connection that, that you would really need
for clean assenbly of full-sized NIF, like closures,
all right? Not sonebody else's parts; our parts.

All right. So in working to figure out
what those protocols are, they worked with Don
Wadki ns and a nunber of other people who have
expertise in this area, and we've broke, broken them
down into those things that needed to be done
generally to keep the building clean, those things
that need to be done once the building is
pressuri zed.

Now we start wearing booties and do

wi pe-downs and you use snoke hogs and whatever is
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appropriate to keep that roomas clean as you can
when that thing is taken. And then you clean it up
if you do miss sonet hing.

Al right, Building 3 is a very speci al
one which we'll skip. And Building 4 is one that,
all right, now we're actually maki ng the connection

How do we behave as we're actually
maki ng those connections in what we hope is a locally
cl ean procedure? Al right, first of all we wear
bunny suits.

We do air nonitoring in all cases, al
right, just as if we were in a very clean clean room
And then we have an option, as it turns out.

This is sort of the result, all right,
of using local clean roons or using small off-shift
work crews to make connections very quickly. And we
refer to these two options as the "cl ean-room
option," or the "fast-connection option."

Al'l right, so there were nore things
that were consi dered beyond this one, but these are
the two that survived the critique. Al right, that
if you have 5,000 class hours to work with, there's
basically two ways you can get there.

You can get there -- They, this is

exposure and this, you can do that with very cl ean
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air, having a lot of flexibility in the time that you
use, or not so clean air but being very constrained
as far as tine that you're allowed to nmake this
connecti on.

And here we are with the | ocal clean
room or the fast-connection option. Al right.

Vell, we have sonme familiarity with local clean
roons.

You' ve seen this picture many, multiple
times. Every tinme sonmebody shows it to you they talk
about sonething different.

I'"'mgoing to point out that this, this,
this and this were all local clean rooms, okay?
That's how the big parts in Beanl et were assenbl ed,
okay?

There's sonething else that I'd like to
say in passing, is that when we choose things |ike
Astro Pack to take our things over and clean them
that's a very good idea for assenbly, but what
happens if something gets constructed once you've
already got it in the systen? WlIl, then you're
goi ng -- Renenber that isopropyl alcohol froma
per fornance point of view

The wi pe-down works. From a cost point

of viewis nore expensive, but if your tradeoff is
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1 taki ng that sucker off and hauling it over to Astro
2 Pack, or putting guys in bunny suits doing a

3 wi pe-down, you're likely to putting guys in bunny

4 suits doing a w pe-down over there to do a part of
5 it, all right?

6 And that's exactly how Beanl et was

7 cleaned for the big parts. Al right.

8 So these clean roons were used during
9 connection and during the times that sone of the

10 parts in Beam et were cleaned. Al right.

11 Now, this data that | showed a nopnent
12 ago about how room how clean this roomis, we've

13 actually started taking that data |ast night as you

14 left, right after you left, all right? And the

15 reason we were taking that data was because we want ed
16 to denonstrate sonmething to you, which is that a

17 place will clean up when there aren't very many

18 people init, and particularly if you have it wi ped
19 down wel I .

20 You can use these small crews to come
21 in and then nake your fast assenbly checks, all

22 right, in ways where you can take advantage of the

23 fact that it was, roomwas cleaning up as you were

24 absent .

25 Al'l right, this particular roomis part
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of a wafer fab facility, but before it was fully
qualified. This was still during the construction
process, and this was at night.

It was about Class 200 at night, and
during the day that facility was at approximtely
O ass 50,000. This room has been runni ng about C ass
100, 000 during the day, and no special filtering.

And the fact that it's fed from outside
air and things like that, that, this is what happened
to this room overnight, okay? And here's where it
wer e when people were still wal king around, and then
here's where it went down at 1:00 o'clock this
nor ni ng.

We think that probably what happened is
there were sone truck traffic outside of the building
right here that kicked into the filtering system
Here we were.

We neasured it this norning at 8:30
just as you cane in, and it was back at 50, 000.
Ckay, so, so we say, "Wll, that fast tech-, tech-,
fast connection technique can give us sone
flexibility. W wonder if we can really pull it
of f."

I've told you before that we have, we,

sort of our experience was you could do it in |ess



SEAB 2d NI F Task Force 61

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

than an hour. This is how we gained that experience.

We didn't know that we could do it that
fast, all right, and so we've put together a series
of tests. W tested over a range, put four different
tests in a facility called Anp Lab over a range of
class-times-production, and |'Il show you

Here are guys in the bunny suits.
Here's a piece being inserted.

This is just |like one of those closures
that | showed you before. Up here is one part of the
beam path, or a replica of one part of the beam path,
and a, a surrogate for another part of the beam path.

In this case you see it's got covers
on. Al right, we did it a nunmber of ways, and so
these are full-size closures, full-size NIF
equi pnent, sane size as N F.

Al right, we are in a
space-constrai ned condition between here and here.

We don't have much gap in order to get that guy in.
We don't have rmuch room around that area.

And we have one call ed "cl ose-cont act

protocols." That is whenever a person is in close
contact with this thing, how you will behave, al
right?

And so we replicated those sane



SEAB 2d NI F Task Force 62

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

cl ose-contact protocols. Al right, here is what the
room | ooked |ike, Anp Lab | ooked |ike.

This guy was sitting dowmn on a lift,
all right? And these are the two parts | showed you
bef ore.

We had everything in place. W were
ready to go, and we had established the cleaning of
this room by choi ce.

W had nade it dirty or nade it clean
what ever we wanted to do, because we wanted to test
certain conditions, all right? And what we did then
was |ift it up and put it in place, put it into
pl ace.

Al'l right, here it is going in. 1In
sonme cases we took those covers off before we lifted
it in place; in some cases we put it up and then we
pul l ed the covers off after it was in place, al
right?

And then al so you nmight have guessed,
this is what it | ooks |ike when you're done. Now,
what are the advantages that we have because there
wer e gaskets and because these were fairly
snug-fitting connections, that once you have a couple
of bolts in place, fromthe viewpoints of

cl eanl i ness, you're done.
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1 Now you can take your leisure tine in

2 conpleting the bolts and conpleting the rest of this

3 process. No nore dirt is going to get in there once
4 it's closed.

5 Al right, what did we find out in

6 these tests? W found out that doing it in less than
7 an hour was reasonabl e.

8 We could do it a nunmber a tines, and we
9 did it to an extent to many places. Wat we found in

10 L- Tab, and we've found out that, that for the

11 training that were --

12 THE CHAIR  Excuse nme. How nuch

13 trai ning and experience does that require of the

14 crew?

15 DR. SPAETH  Ckay, these were our best

16 technicians. W didn't take sonmebody off the street
17 to do these tests, all right?

18 Al t hough you could see, | went and

19 wat ched a nunber of them and I'd say, okay, asking

20 exactly that question, "Could anybody be trai ned?"

21 It takes conscientious people, all right?

22 It takes reasonably intelligent,

23 consci entious people who listen and will be taught.
24 There's nothing, you know, there's nothing sneaky

25 about it.
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You don't have to have years of
experience at doing sonething like that, but you have
to be a conscientious person. That's true, by the
way, across the board for cleanliness.

Consci entious, you know, conscientious
training is what you need al nost nore than anything
else. You know, like, inthe, inthe, in, in, in, in
the Apoll o Program when they had a wench in the
door, you know, that wasn't what caused the problem
but unl ess sone technician dropped that wench and
was too afraid to whatever, to adnit he dropped that
wr ench.

Al'l right, that's what we, you know,
the thing that we have to inpress upon these folks'
mndis if you make a mistake, if your glove rips,
you know, if sonething happens, tell us. W want to
know.

We woul d nuch rather know now. That's,
that's the, we want to know now. W can fix it now
If you don't tell us it will cost us nuch nore.

DR. RICHTER: What do you do about it?

DR SPAETH. What do we do about it?

DR. RICHTER: No, if sonebody tells
you, what do you do?

DR. SPAETH. W clean it again. Send
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it back and clean it.

DR. RICHTER: Do you have in your
bundl es for assenbly all of this factored into the
time line, rework factored in and all the rest of it?
Because that's the output of this whole thing that
you' re doing here, is what does it take to put this
t oget her ?

And t he peopl e package al one, and how
can you do in the progran? So have you added in
sonmething for | ess than 100-percent success?

DR. SPAETH: | believe so. | surely
bel i eve so.

DR. RICHTER: As a systens engi neer you
know very well you have to.

DR. SPAETH. Ch, yes, |I'm we know very
well we have to. You know, right now | would say the
uncertainty is nore in absolutely how nuch tinme does
it take rather than how nmuch contingency do we have
to provide for these off-nornal situations.

So, you know, we were actively, we're
in a rebaselining programin the program heavy duty.
That's what we do day after day one way or another

DR. RICHTER: But you haven't finished
this job and figuring out howlong this is going to

t ake.
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DR. SPAETH. That's right. W have
not. And that's what |'mgoing to tell you as we
conti nue on.

DR. MOSES: | think there's one thing,
t hough, this training issue. If we do go to Anp Lab
and take a look, we intend to make this a training
facility.

So you, it's full-sized. You can set
up all kinds of conditions, as Mary is about to show,
and it will be a part of our training activities.

THE CHAIR.  Thank you

DR, VOGT: 1In this assenbly, this wll
not be done by your people, right? It will be done
by contractors?

DR. SPAETH Exactly how we do the
contracting strategy is still to be defined.

DR VOGT: It's still --

DR. SPAETH: 1'd say in 95 percent of
the options that are being done, this is done
conpletely by contractors, quads by us. There's sone
situati ons where we have work teans, a conbinati on of
our own staff and contractors' work staff
parti ci pating, working together.

| actually prefer the latter one.

We'll see how it turns out.
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1 In any case, conscientiousness and

2 | evel of training is the inportant thing. It doesn't
3 matter exactly who the nane of that person is, or

4 where he works, as long as he's a conscientious

5 person and knows what he needs to do.

6 Ckay, so then these were the results

7 fromthe Anp Lab tests, all right? Al so we found out

8 that we could do these sequences in |less than 40

9 mnutes if we were very hype to, to understand, all
10 right? And that we could maintain the surface

11 cl eanl i ness.

12 Holy snoke. If --

13 DR WARLAUMONT: That's not too clean
14 Red red: You could probably take it
15 out of the sleeve.

16 DR SPAETH: It doesn't have a sl eeve.

17 That's ny witing. But | didn't wite on this

18 Vi ewgr aph.

19 This is, I, | wote on sonething that
20 was on top of it. | apologize.

21 DR RICHTER That was better than

22 dirty.

23 DR. SPAETH: And they verified that the
24 cl eanli ness could be maintained by elininating kind

25 of exposure. The kinds of classes that we've | ooked
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at were between a thousand and 10, 000 and bet ween
25,000 and 50, 000.

Al right. W deliberately set the
roomup in those kind of ranges.

The anmount of tine we had was on the
order of 40 minutes, all right? And then we sw ped
t he surfaces both before and after these tests, and
we found out that when we stayed within our 5,000
cl ass hours we had serious percent of the swi pes that
fail ed.

That is, they indicated surface |levels
was | ess than or equal to 100, and that when we
exceeded those conditions, about ten-percent sw pes
failed. So that, that gives us actually a little
bit, we were doing a little bit better than we
expect ed, okay?

So it gives us a little bit nore
confi dence than what we m ght otherw se have had, all
right? So we |ook at those two options that
rederived, which is the clean room connections or the
fast connections, and said, "Ckay, let's just |ook at
how, what does this tell us about the constraints for
what we want to do in the L-Tab?"

Al right, we know if we use the clean

room the local clean room we can have predictable,
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even clean air, and we think we can up to 50 hours of
connection tinme. Well, well npbre than we need.

And we know we can do it any tinme of
day. W don't have to do it in the niddle of the
ni ght or the, on weekends.

Al'l right, the disadvantage is those
| ocal clean roons cost noney. They're hard to nove
around.

You've got to pick themup, tote them
over, and then we have to set themdown. So it takes
time and noney to nove them around, all right?

And we can't put a local clean roomin
every place. |It's too hard to build.

We, our space is too jamed. |If we do
the fast connection, we know we can maintain our air
at less than 5,000, and we won't do it if the cl ass
is worse than that.

It's cheaper, because we have nuch nore
flexibility in the space, all right? And, and, and
you have nore flexibility in actually making the
connecti on.

You' re not constrained by that clean
room around you. Al right? But now you've got to
do it fast, and you can't |eave that open, all right?

You probably have to have a snall
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openi ng through, and you want that conscientiousness
here, all right? And so it's somewhat difficult to
staff. And then you have to work at a particul ar
ti me when you get those kind of |ocal hours.

DR. RICHTER: There's a mniddle ground
here, you know. You don't have to be all either open
or local clean roons.

Sort of plastic drapes and blowers with
filters can give you a factor of two or three on
relatively small things; --

DR. SPEATH  Yes.

DR. RICHTER: Not on your giant ones.

DR. SPAETH Yes. Yeah, thereis, is a
space in between. There is, is a space in between
our two areas.

I've lost them Wat, what our goal
is, 5,000 class hours. W can get it however we
want .

DR RICHTER:  Uh- huh.

DR. SPAETH  You're absolutely right,
all right? And | wouldn't say those are being
negl ected, but we're, |I'd say we're trying to see
where we can use these two first.

All right. So generally our strategy

is the following, all right? |Is we've noticed that
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1 cl ean roonms give you shift and connection tine

2 flexibility, and that fast connections give you

3 |l ocation flexibility, all right?

4 And by the way, those clean roons don't
5 have to be around where the connection is. |If you

6 can have a nearby clean room and you can preassenbl e
7 parts in that nearby clean room that gives you an

8 additional flexibility, all right?

9 So either with a clean roomat the

10 | ocal connection plant, or a nearby clean roomwth
11 t he subassenbly benches, we can benefit froma cl ean
12 room and then use the fast connecti ons when we need

13 that kind of flexibility. So our strategy is to use

14 a nearby clean room for subassenbly whenever

15 possi bl e, because that beats all other options, al
16 right; then to use the fast connection techni que when
17 and where we actually get it, the tinme and space
18 all ocations will make it possible, and use |oca

19 cl ean roonms wherever possible.

20 And those | ocal clean roons can fal
21 i nto whatever clean roons. Sone of those things
22 where we have to, if you want the things we may be
23 forced to use the kinds of things, because we can't
24 get areally clean, clean roomin them

25 THE CHAIR.  If you were *starting off
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with a green field site and redoi ng your
construction, are there constraints that are built in
here that you could avoid? For exanple, --

DR SPAETH: | think, | think -- W
m ght have desi gned the space between bundl es a
little bit differently; given ourselves a little bit
nore room between bundles. W m ght have defined the
space around sone of the very difficult areas, like
in the space franes or the target chanber, to give us
alittle bit nore preassenble flexibility.

And we night have built in hooks to
hol d clean roons, things |ike that. But we cannot
get around the fact that the room basically | ooks
like that, and you're not going to get a d ass-100
cl ean room condition no matter what you do to a room
that |ooks |ike that.

So the, the fundanental problem
remai ns. W night have been able to make it a little
bit easier for ourselves, but we wouldn't have been
able to as easily escape the kind of, the kind of an
anal ysis and planning that we're doing right nowin
any case.

Ckay, so for those nearby clean roons
where they particularly work in the | aser base, okay,

we'll build alittle tenporary facility out here that



SEAB 2d NI F Task Force 73

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

will house a clean room and we'll use Capacitor Bay
Nunber 1 for, as a nearby clean room when we're doi ng
work in Laser Bay Number 1. W like to -- This one
has already got capacitors in it for Laser Bay Nunber
2, so it's not avail abl e.

Ckay, so where are we in the status of
pl anning for the beam path hardware assenbly? Laser
bay plans are getting relatively mature.

The bi ggest, the biggest open area is,
is how do we use sone of those |ocal clean roons, or
do we use fast connections in sone of the places?

And |'Il show you where those are.

And those are coordinated with our
contracting strategy, so we can't really close on
those until we've closed this contracting strategy
i ssue.

Al'l right, in the switchyard and in the
target bay we are early in this process. 1'Il tel
you a little bit about what's going on in there. And
i n plunbing and pi pi ng our plans are nearing
conpl eti on.

Ckay, so now | want to tal k about the
pl acenent of the large vessels in the | aser bay, al
right? Al right. [If, if you're in the |aser bay

right now, what you see are the concrete pedestals,
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all the things that were normally planned in this
pi cture.

The next step to conplete we call
"vessel placenent,"” but it's a lot nore, nore than
vessel placenent, all right? It's all of the main
structures that would hold up things, as well as the
pl acement of the vessels.

Here's where those preanplifiers are
that Ed tal ked to you about, located in a conbination
of here and here. There are the paps.

Here are the, the center vessel for the
transport spatial filter. Here's a center vessel for
the safety spatial filter.

Here's the region for the main
anplifier. Here's the region for the other
anplifier.

Here's L&M the deformable mrrors.
Here's what goes on in the next step.

Al'l right, of these, the periscope,
this here has to be assenbled in the place. It
wei ghs 160 tons.

It's too heavy for any transfer cranes
tolift, so we have to bring it in parts that the
cranes can lift and put it in place. It's going to

be cleaned in situ with the neans we've nmenti oned
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bef ore.

Al'l right, the FAUs, these guys, these
guys will be cleaned in 381 and transported by
cl ean-room vessel s, and transported to wherever they
go. Al right, all the others are cleaned at Astro
Pack, the facility nearby, with the soap-and-water
cl eaning system all right?

And then everything will be protected
by cl ean covers once they have gotten cl eaned.
Whether it's in situ cleaned, locally cleaned,
wherever it is they'll be protected by these clean
covers.

Then the next thing to put inis the
vacuum beam tubes. W have, we have a nonencl ature
that sonetines is confusing to people.

If it has a vacuumin it, we've called
beam tubes there. |If it has normally atnospheric
pressure, we call themenclosure, closure. Sorry.

Ckay, so we will put -- These things
are anenable to the subassenbly techni que process,
okay? So they will be subassenbled as nuch as
possi bl e and then brought into place.

If we can put themin place using the
fast connection technique, we will. If we find that

we're forced to use clean roonms, we wll
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Al'l right, once the, their
subassenbl i es are put together again, protected with
cl ean covers, noved close to the final position, and
then put themtogether, right? And exactly the sane
thing is true of the closures, the things that have
normal, normally the atnospheric pressure.

If you recall that picture that had al
the arrows, there were any nunber of tines when
arrows were very close together. For the nost part
that represents that evenly though

Looks like a relatively small
structure, for whatever reason. There are a series
of connections in that relatively snall structure, so
t hose connections would be nmade in the, the nearby
cl ean room then the whole unit brought and put into
pl ace, again with preference given to the
fast-connection techni que.

DR. RICHTER: How do you handl e
cleaning the utilities?

DR SPAETH. Pardon ne?

DR. RICHTER: How do you handl e
cleaning the utilities? You' ve got all these airflow
syst ens.

They're going to be built. They're

going to end up dirty. They have to be bl own clean
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checked before you hook themup to these cl osures.

DR. SPAETH Ckay, | didn't put in
anyt hi ng about, about plunbing and pi pi ng here, but
let's talk about it for a mnute. TimSelf, the, one
of the guys that | showed you on that, in the people
who are helping us fromindustry, has really got an
i ncredi bl e anbunt of experience, and we, we owe hima
ot in helping us get through this process.

There's sonmething that's called "oxygen

service," which is a type of cleaning that people use
for a lot of industrial installations. They, they,
they clean themw th solvents and then they actually
bl ow a wad through them

They, they put a wad of one of these
| owparticle-type things, put it in one end and put
hi gh-pressure air init. It acts like a gun, and it
shoots it out through this pipe.

And it, and it cleans, does a very good
cleaning job as it goes, okay? So our intent is to
buy that type of piping.

We are currently in the node of testing
to see how well it nmeets our spec. W feel confident
that it neets our spec. for things beyond, before the

filters can, okay?

Al right, then we'll do, they'll,
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these things will be pig welded. You fill the pipe
with an argon atnosphere, do it, puts that little
| ocally, welder around that, locally welds that in
place. There's a |lot of experience that that works
very well, keeps it clean

Al'l right, for those areas beyond the
filters, we'll clean those using a conbination of a
variety of techniques; some with Astro Pack, sone
with a variety of other gas cleaning techniques that
have been used in the industry. But those are
relatively small in size, all right?

So, because we've got, we want, we call

them "point of viewfilters," we want to keep those
filters as close by as possible to reduce the anount
of piping that has to be very, very clean. Now, you
al so said sonething about, you know, those things are
out there; they've been getting dirty.

VWell, for the nost part, these things
have not been out there.

DR. RICHTER: They're installed dirty?

DR. SPAETH: It's the air-handling
systemfit that you described. Al right, we were
sendi ng people into the air handling, the --

They' re bi g enough, people can wal k

around in them They'll be wi ped down, all right?
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And so they'll be w ped down to bring themto the
| evel so that when we send the air into the building,
that air will be clean

THE CHAIR. Is this an appropriate
pl ace to take a break?

DR SPAETH. It would be a fine tinme to
take a break. And you'll find that you're going to
get rid of me very quickly after the break

THE CHAIR® Ckay, we'll take a
15-minute break then. And after Mary is finished, we
have tinme for public coments.

I f anybody wi shes to comment, please
sign up. W wel cone your conmrents.

(Whereupn, at 9:58 a.m PT the Chair
took a brief recess and returned at 10:26 a.m PT,
after which the foll owing occurred:)

THE CHAIR.  Perhaps we ought to
reassenbl e.

DR. SPAETH. Ckay, |'mgoing to finish
off this description of what goes on with assenbly in
the, in the laser bay with the piping and pl unbi ng.

W, maybe get the light, please?

A SPECTATOR.  Sure.

DR. SPAETH. Thank you. W've talked a

little bit about the piping and plunbi ng before, of,
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you know, how you cl ean and what you do.

And we break the pipe and plunbing into
the regi on downstreamof the filters and the region
upstreamof the filters, all right? So, do as much
actual subassenbly construction as we can of the
pi pes before they're installed, and then protect
those pipes with covers, take themto the position
renove the covers, and install, as we spoke about,
all right?

And then for the pipes upstream of the
filters we don't have to do that |ocal clean
assenbly. They can be dirty, and they can, the
cleanliness as they cone inis, is, we expect from
the tests we've done so far indicate that they' |l be
just fine; all we have to do is install them

Al'l right, the Flange-to-Fl ange Wrki ng
Group who has the responsibility of watching over
this assenbly activity has put together a, a manual
a prelimnary nanual -- It's still in draft form --
for how these procedures shoul d be done. And they'l
be continuing that into the other regions, the target
bay and the switchyards, as tinme goes on, all right?

And that nmanual has, has been a
col | aborative work of a |ot of people; our industrial

partici pation, every source who was kind of roam ng
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around before show ng peopl e what damage | ooked |ike
and answering questions as to the engi neers who

desi gned the system |It's been edited; reviewed many
tines.

Ckay, so now we want to |ook at what's
happening in the switchyard where we're just
beginning to | ook at these issues. Al right, the
first thing we do is we put in space frames, and you
saw picture of the space frames in the stuff Valerie
sent to you.

The next thing is to put ina mrror
support frame, the things which are turquoise-blue in
this, inthis picture, all right?

And subsequent to that we'll put in
assenblies that hold mirrors LM4 and LM6. |f you'l
renenber, as you |l eave the transport spatial filters,
the first mirror it hits going toward the sw tchyard,
pardon nme, going toward the target chanber is LM,
and the next one is LM.

Ckay, these are all bows for those
mrrors. Al of these are protected by guillotine
covers, all right?

So when an assenbly cones in, it has
hal f of the guillotine cover, and when its mating

piece is put init has the other half of the
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guillotine. And these two are coupl ed together, and
the guillotine is wthdrawn.

The plan is capturing the dirt in the
mddle, all right? This is a, this is a part of the
| asers that sone of our, our teamthat are part of
t he Jacobs Engi neering organi zation that we have
wor ki ng with us, have been anal yzing how this
structure goes together

Sone of these vertical beam tubes
consi st of as nany as three different pieces, pieces.
W would like to do, as you've heard before, as nuch
subassenbly as we can, but this is so crowded that
our current thinking is, and unless we figure out a
way to do better, and this is part of the Jacobs
analysis, is that we are going to have to put each
one of these beam tubes in one-by-one.

And this is where a |l ocal clean room
may be a very inportant part. You see where sone of
t hese beam tubes are vertical, all right?

This is the one situation, all right?
Stuff can fall right in.

Al'l right, in the target building we
have the target chanber in place. Al right. The
next thing to do is to put the mrror support frames

around the, around on the, the, the target chanber



SEAB 2d NI F Task Force 83

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

And because of the way the targets cone
in, or the beans cone into the target, they're
| ocated at these locations. These have guillotine
covers in the sinmlar fashion, and then put in the
target area closures.

And once again we're looking to do as
much preassenbly as possible, but finding it
difficult to do as nmuch as we would like. Al right.

And then the last thing to go inis the
final optic assenblies. There is a special region of
this beam tube which can be collapsed, all right?

These parts, they pull back in order to
make space for the FAUs, pardon nme, for the FOAs to
go in, and then they're unretracted and the fina
attachment is made.

DR VOGT: Is there a flexible?

DR SPAETH. |'m sorry?

DR VOGT: |Is there a flexible?

DR SPAETH: |I'msorry. It's a
flexible coupling, right; a belt.

Ckay, so in sunmary about this beam
path assenbly is that our focus for the past three or
four or five nonths has been on the |aser bay, and
for the nost part we're feeling fairly confortable

with that, with the final details as | described, and
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with working with a contracting strategy. And we're
nmoving to the switchyard and target bay, putting our
attention there now.

DR. VOGT: Do you have any industry
invol verent in these tinme and notion studies in
t here?

DR. SPAETH. Yes. As a matter of fact,
of fact, a couple of people -- I'"'mnot sure exactly
what's happening with the status of the tours, but |
know that the plan is to have Don Wadki ns and Vern
LaFavre, both of those, one of those is from and
Vern LaFavre is the satellite diner/builder/
transporter, both of those guys have been totally
involved in, in, in those studies, and then, in fact,
are going to be on the tour to answer any of those
guestions you night have when you're there.

Ckay, so now the, the next thing to
talk about is the final step. Back of those NIF
concepts of now we put that sucker together.

Now let's talk a little bit about, nore
about the hardware that's involved in finally putting
it all together, all right? And it says, "Ckay, how
do you install clean LRUs in a clean bathroom --

Cl ean bathroom Sonething |I'm always hoping is for,

cl ean bathroons. -- in a clean beam path through a
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dirty room and, and, and it says, "You enploy the
<sm ch> bl ock concept of refrigerator scale."

But | nust point out that this is
i ndustry refrigerator scale. These are not hone
refrigerator scal es, okay?

And so just to remnd you how many LRUs
that we have to deal with, all right, there are nore
than 3,000 of these big ones, and then there are any
nunber of the smaller ones, all right, that still
have the sane delivery character. They are all over
t he system

It is the whole strategy for how NIF is
put together. I, I, I, I, | think there have been
conversations about: How can you do assenbly and
operation at the sane tine?

Assenmble a |ater part of the system
while you're operating an earlier part of the system
Following this concept to mmintain cleanliness
probably gives you as nmuch flexibility as you can get
fromany other way to put this systemtogether, al
right?

The current plan or baseline plan is,
insofar as the plan lives up to its current thinking,
is that we would do this on one shift, the first

shift of the day. So, if we were to try to operate
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in a node where we would do both assenbly and
operations, we could add another shift to, to, to
allow us to do nore, have nore flexibility for

addi tional assenbly activities, and because you have,
this whole thing is basically constructed when you're
doing it.

What you're doing is then just driving
those little vehicles around and putting themin
place. It's relatively not disturbing of the
surroundi ng region, so | think that although we, we
follow this approach because of its cleanliness
benefits, | think it has benefits also in flexibility
to doi ng concurrent construction and operation.

Ckay, the, this gives you a little bit
nore of a breakout of the spaces where those LRUs
were constructed. This is the OAB.

There's other work being done in OPDL.
Stuff that's been done in OPDL is brought in here.

We do gross nechani cal cleaning in that
Class 1,000 room This is where we do the final
precision and cleaning, bag it, and put it in air
|l ock and take it over here in the Cass 100 spaces.

And then we drop it through the hole in
the floor in the mni-clean roomand deliver it to

the beamline. Were we are in that facility is
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right nowwe're in the certification phase.

This is the, a view, a recent view of
the Class 100 clean room This is what it |ooks |ike
fromthe outside

So, we have about 8,000 feet C ass 100.
The rest of the building is either Class 1,000 or
Class 10,000, or not rated at all; that is, an
ordi nary space.

And | think that you saw, here's a, a
conbi nati on of pictures that this is going into the
el evator below. This is a transit through the beam
line, holding one of the canisters for delivery; and
then this is an artist's concept of what it will |ook
like when it actually is going into place, putting
sonmething into the beamli ne.

Here's a photograph of the transporter
with the bottoml oadi ng canister being carried on it.
I think you saw this on your tour, all right?

So, tests are continuing to go. |
drove it |ast week.

That was a great deal of fun. | don't
drive it nearly as well as its conputer drives
itself, but it can be driven nmanually.

And that's pretty much what | have to

say to you about cleanliness, all right? | guess
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that | would like to say that as we have proceeded in
a path of building ever nore capable |ICF | aser
systens, we've al so been growi ng in our understanding
of what it takes to keep things clean.

We didn't know about NVRs back here.

We didn't know about a lot of the ways that particles
are fornmed in this systemuntil we got into this
regine out here in tine.

W' re taking Nova apart very, very
carefully right now W, we have nearly got it
apart.

We're recording all kinds of things as
we take it apart, and we continue to gain insights
about cleanliness. M viewis Nova was a, a
cl eanl i ness experinent that ran for 18 years, and
what's left for us to do is just to take the data as
we take it apart.

And so we're doing that, and we're
|l earning a | ot about what the sources are of
cleanliness. |Is vibration an inportant source?

I's vibration an inportant source of
when that shot fires, that glass noves. As that
gl ass noves, does it knock off a little piece?

You know, that continues to increase.

And what those sources, they continue to aneliorate
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the sources of damage. And one thing I'd like to say
is even though we're understanding a lot nore in
where the contam nati on can conme from and how to,
how to keep it out of our lives, the sensitivity to
the i nportance of cleanliness has not really changed
fromthe very early days.

W have al ways been very sensitive to
knowi ng that it was very inportant to have this place
clean. So here's ny last viewgraph, is that you know
we've had a history of working these kind of problens
and devel opi ng and delivering systens that have
operated for many, many years.

Al'l right, NIF has been designed with
this know edge and with all the concepts that we've
desi gned over the years in how it ought to work when
it's there. And our problem or the, the issues that
we' ve been facing nost recently is understandi ng and
sel ecting those techni ques that we have to use for
this clean assenbly and the cl ose-packed
configurations of, of NF.

And this is the work that we still have
to do, okay? Refine and finalize all our plans for
beam path and utilities connection based on the
status you've heard fromtoday; very inportantly,

devel op and, and, and conpl ete these training



SEAB 2d NI F Task Force 90

1 prograns, and | ook for these conscientious guys who

2 can do it, put it together right; actually do it all

3 right; and then work through the sort of procedure so
4 we don't destroy that sort of cleanliness we've

5 worked so hard to get in the first place.

6 THE CHAIR.  Thank you

7 Any comment s?

8 DR. BYER Wat sort of -- When you

9 tal ked about training, and | was wondering what sort
10 of resource base in terns of people will it be, do

11 you think will be required to acconplish this list?

12 Coul d you speak about training prograns and what --

13 DR. SPAETH Ckay. Well, if you |ook
14 and you say we have to do 180 connections per, no,

15 you' re probably going to have to have teans,

16 somewher e between one and four teans, all right? And
17 sonme, sone of those teans will be doing preassenbly,
18 sonme of those teans will be actually on the floor

19 actual ly doi ng assenbly.

20 I would guess that a teamis going to
21 have sonmewhere between ten and 20 people on it, you
22 know, with, and sone of those, those team nenbers are

23 going to be getting it ready. You want to have the
24 m ni nrum nunber of people around when you're actually

25 doi ng the connection, but you also have to do
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1 activities to get it ready to make the connecti ons
2 that are not so clean

3 So, during the day before it's very

4 cl ean, you get everything in its place. You have a

5 check |ist.

6 You make sure that this, that, that,
7 and the other, and then when you're actually doing
8 the fast connection on the off-shift tine, or

9 whatever it is, all right, you would have a team
10 then, | would guess between five and ten people who

11 are actually doing that thing, putting it in place,

12 getting those first four bolts in.

13 Ckay, once those first four bolts are
14 in, you're fine. You can do whatever you'd like

15 agai n.

16 THE CHAR Gil ?

17 DR. McCARTHY: Yes, |'d like to ask
18 maybe on this viewgraph, | don't suppose it natters
19 much, but if there is a mshap on one of the fl ange,
20 the flange connections, and contanination gets into
21 the beam path, how far could it propagate?

22 DR SPAETH. How far could it

23 propagate? Ckay, so |I'mlooking, |ooking for that
24 chart which was a picture of -- Here we go. This is

25 one, the one |'mlooking for
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Ckay, this is a drawi ng of the beam
path up to the switchyard, all right? So, every
pl ace you have a cavity spatial filter you have a
cl osed beam all right?

So, the space which is open, first of
all, the bundl es do not connect to each other. A
bundle is open to itself in general, but the bundl es,
but not always, and the bundl es don't connect to each
ot her except in one place.

Ckay, so there is no bundl e-to-bundl e
connection in here, all right? So anything that can
go between LML and this, A and the cavity spati al
filter, could have a problem

Anyone goes fromthis end of the cavity

spatial filter out to this cavity spatial filter, I'm
not sure that you can get past that. It might be
cl osed.

You may not be able to get past that
spatial. I'mnot so sure howtightly this is closed,
so this may be, this nmay be the other one, would be
fromhere up to here

And then fromthis cavity spatial
filter you would go -- And there are ports. There,
there's sonething called a "roving nirror assenbly"

which is on the big wall as you go into the
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swi t chyard

There are ports there. Depending on
whet her or not those ports were open, dependi ng
whether or not they would mx it at the roving
mrror, the bundles in a, in a cluster share each
other, so it could get around if it happens there.

Then once you get beyond the roving
mrror into the beam tubes, those are all individua
beam tubes again up until you get to the target
chanber .

DR. McCARTHY: So if there is a nishap,
you know, what vol unme would you actually need to go
in and cl ean out?

DR. SPAETH Well, it depends on what
kind of a m shap you woul d have, of course.

DR. McCARTHY: Right.

DR. SPAETH. The kinds of things --
Let's just think of diversity. Let's think of the
kinds of things that, God forbid, you'd not like to
t hi nk about, okay?

One of these, one of these inplodes.
Ckay, well that would nake a ness.

You woul d have a | ot of cleaning to do.
Alot of it you would have to take stuff off of

there, clean it off-line, and bring it back in.
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1 Ckay, we've got layers of things built
2 into the design to keep that from happening. The

3 t hi ckness of the glass is chosen that it will not

4 crush on itself.

5 Al'l right, we have diagnostic systens
6 that | ook for the danmage | ocations that would all ow
7 it, and we have di agnostics systens of things that

8 woul d, causes that to happen. So there's multiple
9 | ayers to avoid that from happeni ng, another thing

10 that coul d happen, another thing.

11 DR MOSES: But that would be in the

12 operational node, not in a building node.

13 DR SPAETH. That's correct. That's

14 correct. And another thing that could happen, and in

15 fact not coul d happen, another thing that will happen

16 is that a flashlanp can explode, all right?

17 And there's just no question that that
18 wi || happen. Happens all the tine. | nmean, not

19 every day, but we've experienced it.

20 There's no way we know of to stop it

21 from happening. Al right, so what we have done

22 there is to put linmting resistors in the path of the
23 flashlanp to limt the anpbunt of energy that can be
24 deposited in that flashlanp.

25 And we have tested whether or not that
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anount of energy can break the blast shield. So we
are several factors, safety factors away fromthe
anount of energy that can be deposited in a flashlanp
expl osi on conpared to what can break the bl ast

shield, so we don't think that we're going to break a
bl ast shiel d.

Al right, if you do break a bl ast
shield for whatever reason, then you have penetrated
into that bundl e region where the flat, the slabs
are, and again, now you've got a big cleanup

What el se coul d happen? You know, you
can damage a surface and you' d have had to -- Most
the tinme the, the kind of things you' re nore
likely -- | gave you the worst-case-scenario kinds of
t hi ngs.

The kind of things that you are nore
likely to experience are you' d have sone danmmge t hat
di agnostics would find it, layers of diagnostics
we've not tal ked about. You'd find it maybe here,
maybe on one of these mirrors.

You'd find the, the ampunt of residue
that that would | eave would be very snmall. You'd
just exchange it.

Like, it wouldn't require renoving

equi pnent, going in with bunny suits, or anything
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like that. In the big vessels you can go in with
bunny suits. In the beamtubes you probably have to
take them out and cl ean them

THE CHAIR. Okay?

DR RICHTER | have one which is not
cl eanli ness question, but a, to you as in charge of
Systens Engi neering. Has anybody taken a | ook at the
i npact of starting to do physics before all of the
beam | i nes were conpl eted?

You've alluded to it briefly toward the
end of your talk, but the ultimate goal is 192 beam
lines. You clearly don't need all of those to start
the science programof the NIF, but if you start the
sci ence program say, halfway or a-third of, third of
the way al ong, then you've got operations and
installation going on in parallel

They have to have inpact on each other
Have you had a chance to take a | ook at what that
i mpact m ght be?

DR. SPAETH. | think that probably two
peopl e shoul d answer that question, Ed and |I. Ed has
really |l ooked at those things that are related to the
benefits of doing what you've just said. And in fact
it's part of our strategy, all right?

As far --
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DR. RICHTER: Well, not part of your
original strategy. Oiginal strategy, the whole
t hi ng was supposed to be finished July first.

DR MCSES: No, no, no, not even cl ose.
It was al ways part of it, the strategy, to do physics
while you were turning it on, the way it was being
turned on.

You were turning on Laser Bay 1 and
then Laser Bay 2 over a couple of, over a two-year
time period. Now, | think there were sone
differences with that theory of how it would run.

I think with this infrastructure first
strategy, where you have the whole facility
operational and now the physics, the users' conmunity
deci des what budgets they want, excuse nme, what
budgets they want in what order, and when they want
them is, gives all the flexibility that coul d have
in theory.

I think the issues that have to be
resolved and found out are, you know. WII| there be
any interaction as you're |oading up LRUs, you knhow,
anong nounts?

According to all our calculations there
are none. | nean, it, it should be sensitive enough

and everything is there.
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You should be able to load it up, and
nothing is there so that you could, in theory. And
think it will end up in practice, be able to do
| oadi ng the system and runni ng the system
si mul t aneousl y.

DR, RICHTER: Well, clearly |I think for
safety reasons you're not going to do four shots a
day and be running two shifts assenbling new systens.
The original plan, if | renenber it right, was that
you finished one side of the whole facility, started
to use it, and then you assenbl ed the ot her side
where there were no interactions.

The users now seemto want nore
symmetry, which says you're going to have | asers
firing in the whole system and you're going to
continue to do installation all over. So there wll
be working lasers right next to places where you're
going to be installing new ones.

And, and that's the question | have.
It's a different strategy than the earlier one of
starting to do asymmretric experinents.

DR. MOSES: But, but just to say this,
even the, in the earlier one, the whole idea that you
were going to have instantaneously two | aser bay, a

| aser bay, or two clusters | oaded up at once, and not
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have done anything until you did, | think is not
really how |life would have devel oped. | think there
will always be a situation that once you get a bundle
in, there will be tine.

As | was saying last night, there wll
be tinme when people want to use that laser. And
there are safety issues.

There will be time when you cannot be
in the laser bay during a shot for electrical
reasons, for one. And so | think it fits the nost
natural way with the ultimte flexibility.

It won't be always -- You know, reality
will always be there. You have to be safe.

You have to clear the area during a
shot. You can't be there right after a shot unti
the safety systemis safed out, the vacuum systemis
saf ed out.

It's also true that the first part of
the laser's first strategy just uses Cluster 4, so
that neans that you do have Cluster 1, Custer 3,
Cluster 2 that are available to you before, before
you really have cl ose coupling of cystonetry.

DAVI D The bi ggest fundanent al
training, you didn't nmake strong enough comment

about; was doing the infrastructure first, whereas,
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1 you were doing the infrastructure while 2 was --

2 DR. MOSES: | actually think the other
3 way was the unsafe way. Very difficult to do for --
4 | npossible in reality.

5 It was very difficult to put the system
6 t oget her, and now you have, with this nmethod you

7 have, you take the trades and separate them out from
8 the user community. And you al so now can now contro
9 access of, you know, the installation and operati onal
10 world fromthe, fromthe target physics world in a

11 way that's appropriate.

12 | think this is really nuch nore

13 flexible, much nore safe, and will neet the needs of
14 the user community earlier than rather than | ater.
15 DAVI D: The, the whol e phil osophy and
16 the strategy was that you would al ways be able to do
17 line replaceable units inter-, interleaved with

18 operational units. There mght be a question about

19 how nuch when you're trying to assenble it, but the,

20 the original plan said we're going to swear, |eave
21 infrastructure installation, and that's what Ed

22 deci ded wasn't acceptabl e.

23 DR. MOSES: By the way, there is a
24 precedent on this site for doing this, you know,

25 which is the last |aser systemwhere you actually
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were running the | aser system 24 hours a day for
years, nmany years and, and replacing worn out parts
the whole tinme. And that went on for over ten years.
DR. RICHTER: You're doing a new

basel i ne now, and sonmehow in this new baseline you're
going to factor, have to factor in construction tine.
And | can't see you putting as many | asers per nonth
into operation once you start operating for research

as you did before.

DR. SPAETH: | think you've --
DR. MOSES: | think -- Just let ne say
one other thing. Just so you know this in -- Lloyd,

you showed the nunber of shots that were going on
that were four joules per square centineter, and
maybe sonething you' d like to have is a conversation
a nore detailed conversation on this.

That includes all the acceptance tests
and the operational tests of the |aser system were
schedul ed into those nunber of shots already, and
fairly carefully. So | think that, you know, | think
we have thought about that.

I think it needs to be somewhat nore
peer reviewed than it has been, but it has been
i ncluded in a schedul e al ready.

DR VOGI: Wat's a realistic nunber of
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shots which you should take into consideration in the
early time, and what limts it? Wat, what, where
actually is the target preparation which limts the
nunber of shots, or what --?

DR. MOSES: Wll, early timng is hard,
you know. Life is hard to predict, but | think that
the facility has, the laser facility, like a single
beam i ne, has approximately now a four- to eight-hour
cycle time, and that's for the glass to cool down and
come, you know.

DR VOGT: 1Is that the limting factor,
or the target preparation?

DR. MOSES: Well, | can't speak for the
target preparation, but | think that will be a
limting factor. But |'msaying that | think you
al so have to renenber that, that there are a | ot of
beamines in, in NF.

You don't have to accept the tines. W
were firing many of them at once.

You could be firing shots quite often
You know, you could fire these set, this symetry set
or that symretry set. |If they could put targets in
qui ckly, you could go through --

DR. VOGT: Ja-Ja, but |I'm saying where,

but the target preparation of that scenario is not
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yet worked.

DR, RICHTER: Well, | think the target
turnaround time would be sonmething |ike one hour
You m ght be thinking about cryogenic types, which
woul d be conpletely different, but nost of the
targets shot would be targets which are anal ogous to
the targets we shoot on Nova, although nore
conpl i cat ed.

And the alignnent tine for the targets,
and the tine to recycle the diagnostics would be
simlar to Nova, which is about one hour.

DR. VOGT: Thank you.

DR SPAETH. I'd like to talk a little
bit about, nore about the choke points in the system
You know, what is it that would limt it?

First of all, the word that you use is
"construction"” of the lasers. | think that the word
"construction" is a little nisleading. The
construction itself is conpl eted.

DR RICHTER Installation. 1'Il be
happy to stand corrected.

DR SPAETH:. Installation. 1t's the
installation, and that installation is -- Ed and |
both worked on that the |last system You know, we,

we actually were the architects of, of how that



SEAB 2d NI F Task Force 104

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

refurbi shnment and assenbly strategy occurred in that
system okay, so we have thought very much about this
ki nd of event.

In that system we had a conbi nati on of
nunbers that fit, and we could say that assenbly and
refurbi shment were identical. You could not tel
what a person was doi ng, whether he was refurbishing
a, an old laser or building a new one.

It was a continuous process. W've
tried to take that philosophy and put it into NIF as
far as NIF can accept it with the decisions that have
al ready been nmade.

You can't nmake it, quite; not because
of the way it was strategized in the first place, but
because the nunbers turn out a little bit different
for NNF than for Atlas. But basically the choke
points is we have a single shift using all of these,
and the nunber of transporters that we have to
deliver them

They take a certain anmount of tine.
They drive slowy so they don't hit anything, and
they have a certain anmount of time to purge the gases
in themso that their gas matches the gas that
they're going into it.

We have a certain amount of tine
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bet ween shots for diagnosing whether or not there is
sonet hi ng danagi ng about that system so someone can
go into that area and actually be present in that
room where you have to.

Those are the kinds of things that
choke us. And we were -- Storage is another choke
poi nt, but when you have enpty, when you have enpty
lines, you have storage, because if you' ve got an
enpty line, you' ve got a place to put it.

So, you can put, you can be assenbling
stuff, stuff that you wouldn't be wanting to put in a
line right away, but you have a place to store it.
So you take all of those things, the conbination of,
you know, adding shifts, adding transporters, using
the storage that you al ready have built in, and
m ninmzing the diagnostics tine to tell whether the
facility is safe for people to enter

It gives you a lot of flexibility, and,
and, and you're not as concerned as you might first
t hi nk.

DR. MOSES: And, and --

DR. SPAETH. | think you can do a | ot
of this in parallel

DR. MOSES: Yeah. And again, | think

that the present strategy is to do Cluster 4 first,
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you know, for the sterile weapons experinents, you
know. Really gives you at |east a year of nore
flexibility in Clusters 1, 2, and 3, where you can
add, really be separate to first order; especially in
Clusters 1 and 2. You're in a separate facility
conpl etely.

DR. VOGT: Am| correct in assum ng
that the Operations staff and the, the Assenbly staff
is different people?

DR. MOSES: Well, actually this whole
transition plan thing which |'ve tal ked about a
little bit, you know, the last tine, is sort of a
fundanental question that has to be resolved. |
don't think --

And, you know, | wasn't, |I'monly
speaki ng personally now, that the Assenbly staff and
the Operations staff are very separate. | think they
are.

But then when you talk to the target
physics conmunity, they have a different point of
view, which is, "W want to have an Operations staff
that will be in the nission support operation that
will define the experinmenting carefully and will hand
of f, you know, what experinments, how they want the

facility configured."
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But the Operation staff that will be
running the | aser, and the Assenbly staff, sort of
very, managed froma single place in that assenbly
i ntegration refurbishnent, Operations Goup. | think
it's crucial that that happens.

DR. SPAETH: But it's true that they
are, have a single nmanager and they are very
wel | -i ntegrated, but you do have separate people.

DR. VOGT: That was my questi on.

DR MOSES. |['msorry.

DR. VOGT: Because otherw se you'd have
a conflict.

DR. MOSES: Right. Right. 1 think
the, the story of NIF, like Nova, is that you really
have to have well-defined experinents

And, you know, Joseph Kil kenny and the
Weapons peopl e are thinking about those things now so
that the facility can be configured to run those
experiments off-line. And | think this strategy
gives themthe nost flexibility possible.

THE CHAIR.  Any ot her conments or
guestions?

DR. McCARTHY: Just a question. Could
you just tell us a little bit about what the quality

control for the cleanliness and contam nation is |ike
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in case of damage for the systen?

DR. SPAETH. Ckay, there are, there's a
nunber of different layers of that, all right? One
of the things that is very well-devel oped is the
contam nation, pardon ne, the quality control tasks
that are associated with having the contractors cone
in.

The, you know, the contractors are very
used -- They have quality control for everything they
do. So, a large part of it is an extension of
whatever it is that those folks do, all right, in
their normal operations, but adapted to our
particular units of measurenent. And so it's not a
substantial change fromwhat they're very famliar
with.

Anot her el enent of that is that, that
we have a, we, we're devel oping sonething called a
"master test plan," which is, includes a lot nore
than just what you m ght consider as normal testing,
but as the testing of the whole laser as it, as it
conmes up, all right? And so that will have built
intoit, you know, a programtest of cleanliness
i ssues whenever it's appropriate to do that, al
right?

And, and in devel opi ng any of these, we
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have a matri x of people who are in the, who are
working in the area of putting contracts and doing
that kind of work, you know, the interface with the
outside world, bringing people in. And the people
who are the LRU owners, the system nmanagers, the
peopl e who have had that, the detail ed technica

know edge of what each one of these systens requires,
as well as every source who was roani ng around before
and his staff, okay?

So there is a systemfor
cross-checking, that whatever the quality contro
procedures that are witten have the opportunity to
be tested by, by the fol ks who have all the years of
experience in, in saying what it ought to be. And
then | still would like to see a conbined -- And |
don't have this -- This is not true, but | fee
strongly that it's sonmething that's inportant.

Li ke to see sonme ki nd of coordination
sonme ki nd of coll aboration, coordinated effort
bet ween our |ong-tinme technicians, our senior guys
who really know what it takes to put sonmething |ike
this together, and those technicians who are actually
going to be doing a lot of the work that cone
probably from sone contractor's house.

So, you know, it will be realtine,
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on-line watching it, as well as all of the witten
procedures that, that, that you have in place.

DR, VOGT: But isn't that a quality
control function?

DR. SPAETH  Yep, but it's easy to
forget sonetines that that function cannot be
relinqui shed by you, yourself.

THE CHAIR. O her questions or
comment s? (11: 00 a.m PT)

(Wher eupon, no response was had.)

THE CHAIR. Thank you very nmuch.

PUBLI C COMVENTS

THE CHAIR. W' ve now cone up to the,
the time for public conments. The first comrent, the
first person who signed up is Marilyea Kell ey.

You have five minutes, please.

MS. KELLEY: Thank you. Hello again.
I"m Marilyea Kelley, Extensive Director of Tri-Valley
CARES here in Livernore, a position that |'ve held
for 16 years.

And as you know, we've been anal yzi ng
and i nvestigating and researching the National
Ignition Facility since end of '93, beginning of '94,
and our record on it begins with a March, 1994,

letter to then Energy Secretary Hazel O Leary
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reconmendi ng that KD1 be postponed, which she did for
a short tinme.

And one of the things that we've been
| ooking into fromthe beginning is the issue of
techni cal readiness. | spoke about some of the
technical problens in ny brief time before, and
listed ten.

Sonme of them have been tal ked about
here, and, but sone of them | haven't heard tal ked
about here yet, fromthings like the diffraction
gradi ng, or the sol-gel problemthere, to the, sone
of the final alignnent problens with the beam So,

I, | believe the silver coating problemdid conme up
as well as some of the others.

There are sone additional diagnhostic
probl ens, additional target fabrication problens, and
even the nethodol ogy to place the target in the
chanber. And what | recommended when | tal ked about
those, as well as the danmge propagation and the
conti nuous- power and some of the other problens that
have been discussed is that our assessment is this is
really a series of R&D projects, and sone of themare
in the R phase alnpbst, and that it is, is not a
proj ect where construction funds should have been

expended, and it is not a project, based on ny best
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anal ysi s, where expendi ng additional funds now to
continue with construction while you continue with
R&D to try to resolve these problens is likely to
result in a working laser at the end of the road.

By "working laser," | want to define it
as a laser that would have even a ghost of a chance
of achieving its scientific goal of ignition. What
you're likely to get is a |aser that doesn't achieve
ignition, that may actually cost closer to $10
billion over its lifetime than the $5 billion
currently estinmated, and which is useful only to a
narrow cadre of nucl ear weapons facilities to advance
nucl ear tonnage in a narrow area not necessarily
needed to naintain the existing nuclear arsenal.
There's your danger.

A couple of other things I'd like to
sort of touch upon. One is that in your charge, in
terns of advising the Secretary, in addition to
flaggi ng these technical problens as needing nore
anal ysis, | would strongly reconmend that you fl ag
for the Secretary that ignition on NIF may in fact be
a pi pe dream

Many physicists gave NIF a five- to
ten-percent chance of ignition back in 1995, before

the extent of these problens becanme known. Wth the
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various individual and rmultiple problenms along the
beam path, with the beamitself, with the optics,
with reflection, et cetera, et cetera, et cetera, it
is becom ng clearer and clearer that anything gl ass
is highly, highly, highly unlikely, and I think that
the Secretary should have that brought to his
attention, and it should factor in decision-naking.

| also, even though this is a bit
radical, and | think you can tell fromwhat | said,
reconmended that at |east be discussed with the
Secretary the idea of the Departnment of Energy,
Energy supporting a halt in construction in front of
Congress while the R&D is, is |ooked at, and
especially a halt while the full costs of the project
are anal yzed.

And in that vein | give one exanple.
The first series of neetings that | attended, you may
recall that the Laboratory proposed solving the
honogeneity problems in the | aser glass slabs by an
extensive grinding of the glass to recant
i nperfections that basically obviate the ones that
are in the glass. And | asked --

One thing about living in Livernore is
there are no shortage of optics experts living in

town, so | asked folks, "Is this feasible?"
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And | don't have a fine word. | nean,

| always heard "maybe," "very difficult," but at a
m ni num that you need to shave it and then you need
to -- | think the word was "equilibrium"

You need to actually keep it at a very
steady tenperature for 24 hours and retest. And
that, each | aser slab would have to go through that
several tines.

So, each laser slab, to even find out
if it could neet spec., could take days or a week.
And then you | ook at the fact that 3,000 of themare
proposed, that a certain anmobunt won't neet spec.
after they've been ground, and you have the, al
t hese ot her issues, and you do the math in terns of
anount noney and anount of time, that some of these
things aren't conputing unless you give NIF the whole
national treasury and the next century.

So, | strongly recommend that this Task
Force ask some very serious questions about how rmuch
nmoney is it going to cost to potentially solve sone
of these problens.

A final thing, | did not find out about
this series of neetings actually until | glanced at

my Sunday paper, and therefore I'd, | was unable to

conpletely clear ny schedule to attend all of the
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1 time today and yesterday. And if you would give nore
2 timely notice of when you are com ng out here, that

3 would really help those of us in the public to attend
4 fully.

5 And | hesitate to comment, too, Since

6 you coul d have sea-breezed through here w thout

7 havi ng any particular public hearing at all, but

8 unless -- 1'd like that to be taken under advi senent

9 by the Panel.

10 And if | have a mnute, I'd like to
11 tal k about sone deficiencies in that UC report.
12 Their charge included | ooking at the technical

13 difficulties, and the first and nost striking thing |
14 noticed in reading through the report is that they

15 did not do so at all.

16 That's deficiencies that sinply cannot
17 be overcone. You have a whol e series of panels that
18 isn't |ooking at the nobst obvious thing, and so I'm
19 having a lot of faith and sonme confidence that this
20 panel will remedy that situation

21 The UC Conmittee did not. And while
22 they were very harsh regarding sonme of their

23 managenent criticisns, the final |line that they

24 seened to be attenpting to cone to was that if you

25 just made sone managenent changes and gave it sone
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nore noney, that everything would be all right in the
end.

And as | say, enployees have been
telling us for sone tine now that that's sinply not
true. And if the Secretary were to proceed on that
assunption, he would be putting the credibility of
the entire Departnment of Energy at risk. Thank you

THE CHAIR.  Thank you

Is there any, anyone el se who wi shes to
make coment ?

(Wher eupon, no response was had.)

THE CHAIR.  If not, | guess we are
adj ourned. And for your information, our next
meeting is --

MS. MULLINS: Decenber thirteenth.

THE CHAIR  -- Decenber thirteenth.

Thank you all very nmuch.

(Whereupon, at 11:11 a.m PT the above
heari ng was concl uded.)

| certify the foregoing to be a

true transcript fromny notes.

CSR, CP, RPR
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1 CERTI FI CATI ON
2 I, Dorothy |I. Bunn, a Registered
3 Pr of essi onal Reporter, Certified Conference Reporter,

4 and Notary Public, do hereby certify that the

5 foregoing testinony was duly taken and reduced to

6 writing before ne at the place and tine therein

7 mentioned. | further certify that | am neither

8 related to any of the parties by blood or narri age,

9 nor do | have any interest in the outcone of the

10 above matter.

11 In witness whereof, | have hereunto set
12 my hand and affixed ny official seal, at Livernore,

13 USA, this 30th day of Novenber, 1999.
14

15

Notary Public
16
My Conmi ssion expires Novenber 17, 2003.
17
18
19
20
21
22
23
24

25
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APPENDI X

LETTERHEAD:

Secretary of Energy Advisory Board
Washi ngt on, DC 20585

Novenber 24, 1999

TO  MEMBERS OF THE NI F LASER SYSTEM TASK FORCE

FR:  BETSY MJULLI NS

EXECUTI VE DI RECTOR

RE:  ADDI TI ONAL WWRI TTEN PUBLI C COMVENT

As you know, the NIF Task Force is chartered under
the Federal Advisory Commi ssion Act and, accordingly,
wel comes public comment. Although neeting agendas
include tinme for public comments, sone nenbers of the
public may be unable to make coments during that
tine and are wel cone to submt witten comments for

the record.

Attached please find, for your review, witten
comments signed by four officials fromthe Natural
Resour ces Defense Council; a professor of Nuclear
Engi neering at the University of California;, and a
retired Engi neer from Law ence Livernore Nati onal

Lab.
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These witten comrents also will be enetered into the
transcript as part of this week's neeting and,
therefore, will be available in the Departnent of

Energy's Freedom of Information Public Readi ng Room

Thank you for your attention to this matter.
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1 LETTERHEAD:

2 Nat ural Resources Def ense Counci l

4 The Secretary of Energy Advisory Board
5 National Ignition Facility Laser System Task Force

6 Menbers: John P. McTague (CHai man)

7 Andrew At hy (CHairman, SEAB)
8 Robert Byer

9 Gi |l MCarthy

10 Law ence Papay

11 Burton Richter

12 Rochus Vogt

13 John War | aunont

14 c/o Betsy Mullins, Executive Director, SEAB
15 U. S. Departnent of Energy

16 1000 | ndependence Avenue, SW

17 Washi ngt on, DC 20585

18

19 Novenber 17, 1999

20

21 Menbers of the NIF Laser System Task Force:

22 On behal f of the Natural Resources Defense
23 Countil, Inc. (NRDC), we are submitting witten
24 comments to the Secretary of Energy Advisory Board

25 National Ignition Facility Laser System Task Force
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(herein referred to as the "SEAB NI F Task Force").
The Secretary of Energy has requested that the SEAB
NI F Task Force consider "at a minimum the
engneering viability of the proposed assenbly and
activation nethod; the assenbly and installation
cl eanl i ness protocols; the nmanagenent structure; and
t he adequacy of the cost estinmating nethodol ogy."
The National Ignition Facilty (NIF) project is
troubl ed by a nunber of significant technical
problens in addition to the probl em of clean room
status. Because these additional problens facing the
NI F project are outside the mninum Terns of
Ref erence, reocnmendati ons based solely on these
m ni num Terns of Reference cannot serve as an
adequat e basis for advising the Secretary on the
future of the NIF project.

Four problens facing the NIF project in
addition to clean roomissues are in the areas of: 1)
anplifier glass fabrication; 2) anti-reflective
optical coatings; 3) spatial filtrs; and 4) ignition
target fabrication.
1200 New York Ave., NW 71 Stevenson Street
Suite 400 Suite 1825

Washi ngt on, DC 20005 San Franci sco, CA



SEAB 2d NI F Task Force 122

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

202 289-6868
Fax 202 289-1060

WWW. nrdc. org

6310 San Vi cente Boul evard
Suite 250

Los Angel es, CA 90048

323 934-6900

Fax 323 934-1210

94105
415 777-0220

Fax 415 495-5996

40 West 20th Street
New York, NY 10011
212 727-2700

Fax 212 727-1773
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11-17-1999 6: 02 PM FROM NRDC WASHI NGTON 202 289 0990
NRDC COMVENTS TO THE SEAB NI F TASK FORCE
NOVEMBER 17, 1999

1) Laser Anplifier dass: The Schott
conpany with manufacturing facilities in Pennsylvania
and the Hoya conpany in California are currently
contracted to fabricate the large slabs of anplifier
glass for the NIF project. Schott and Hoya al so
fabricated the amplifier glass for NIF s predecessor
facility, Nova. The initial operating experience
from Nova indicated that platinuminclusions in the
gl ass were at an unacceptably high density, and the
ef fect was that Nova could not run at the planned
energy fluence. Subsequently, Schott and Hoya
i mproved the glass fabrication technique for Nova
whi ch involved a sl ow, cooling/conditioning process
after the glass was poured.

This anplifier glass fabrication technique
denonstrated on Nova is not planned for the NIF
because it would be too costly and tine-consumi ng for
the NIF's greater glass requirenments. Rather, the
NI F project entails an exploratory glass fabrication
t echni que call ed "conti nuous-nelting" or
“continuous-pouring."” LLNL first gave Schott and

Hoya noneys to build prototype |aser glass factories,
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1 to let themconpete and see which one did a better
2 job. Neither prototype factory produced gl ass
3 meeting all of the NIF specifications, but both

4 conpani es assured LLNL that they understood the

5 problens and could fix them Wth those contractor
6 prom ses, and Livernore's concerns with the tine

7 deadlines for NIF anplifier glass production, LLNL

8 aut hori zed Schott and Hoya to proceed with building

9 of the full scale factories.

10 Last fiscal year the first batches of

11 full-sized NIF anplifier glass were delivered and
12 found to be bel ow specifications for a nunber of

13 reasons: platinuminclusions, volune

14 i nhonogeneities, surface ripples and water content.
15 Inmportantly, the full scale glass factories as well
16 as the prototypes have not produced | aser anplifier

17 gl ass neeting NIF specifications. Schott and Hoya

18 have now reassured LLNL that they understand the

19 probens, and they will be fixed soon. Nevertheless,
20 Li vernore can not state at this time that the NIF

21 anplifier glass can be delivered either on time or on
22 budget. There are serious doubts about whether or

23 not continuous-nelting will in the end be a viable

24 approach for fabricating these crucial NF

25 conponents. If Livernore is forced to return to the
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ol der gl ass pouring techni ques used for the Nova
| aser, the time delays and cost increases in the NIF
will be far greater than anything yet considered.

2) Anti-Reflective Optical Coatings: Mich
has been achieved in the raising the damage threshol d
of optical coatings at Livernmore. Nevertheless, the
NI F is pushing the technology and new difficulties
can and did arise. Anti-relfective optical coatings
are necessary to prevent |aser energy |losses and to
protect the optics conponents from high-fluence
damage. Currently problens persist with the
anti-relfective coating on the frequency-tripling
pot assi um di hydr ogren phosphate (KDP) crystals and
with the anti-reflective coating on the diffraction
grating which steers the Iw and 2w 1ight out of the
target chanber. These are crucial issues for the
perfornmance of the NIF, and it could nean that each
of the NIF beamlines will only be able to produce a
smal|l fraction of their design energy at 3w

3) Spatial Filters: Livernore has
calculated that ignition can only be achi eved at the
NI F using a long pulse: 20 nsec in total with about
a 3 nsec high intensity conponent. |n order to
accommodat e such a long pul se, the NIF spati al

filters nmust stay open for about 20 nsec. LLNL
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clainms to have devised a nmeans to keep NIF's spati al
filters open for the required 20 nsec, but this
solution was never fully tested on the prototype
Beanl et | aser.

4) lgnition Target Fabrication: The
original LLNL ignition target "point design" had a
pl astic ablator surrounding the fusion fuel. This
design required significant research and devel opnent
in the area of cryogenics. Around 1996-1997 the
pl astic abl ator design was abandoned because further
cal cul ations at LLNL showed that -- for realistic
targets -- the plastic would mix with the fusi