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Feature

Dealing with s Dangerous Surphu from the Cold War

Since the end of the Cold War, the Laboratory has been spearheading studies
on the disposition of surplus wespons plutonium,

Research Highlights

Voleanoes: A Peck into Our Planet’s Plumbing .
Optical Networks: The Warve of the Fotore '

Patents and Awards




DOE gives go-ahead to NIF construction at Lab

DOE bas approved the atart of construction of the Naticoal
Ignition Facility NIF) at the Laboratory. The facility will bouse
the world's largest laser, which will be able to create conditions
similar to those at the center of the sun and other stars.

NIF will play a vital role in DOE's Science-Based Stociile

Ste p and M. Program, the goal of which is to
mmnmthnu.s.mkuwapmmckpﬂcm
derground testing. Groundbreaking for the
Sldb&ﬂwn.lwmdmnnudhmﬁqhtynmuapawd
in Apdl.
DlmBmeTlmmd.“mNmondlmmFﬁny
- will be & fundamental ib %0 our techni

cmmtﬁu.?nWmupemiuﬁxitﬁqlddmmﬁmmm
place o Uzbekistan lates this year. '
. 1nCDI, asolution is passed between closely spaced pairs of

" electrodes made of carbon serogel, & material that bas an
. enarmous susface area. Jons such as sodium and chloride can
" be removed from the flow and beld in an electric field on the

surface of the acrogel, When the acrogel ia saturated with
contarinants, the voltags on the electrodes is reversed and the

_ions are dumped Into & small waste stream.
’ Ccmdwmmﬂwmmmhunmdd)lumdmg !

the cost of f; acrogel. Q1 ly acrogel costs are

lmomtclyﬂépeuqum[om.mpmducnmu
7 wlowacooumlunhmﬂpeuqumfoocfu

ding
of aging nuclear weapons. The hundreds of men and women who
have carried us to this point are now ready to begin converting
this crtical scientific effart into concrete, stecl, and lasers.”
Charles B. Curtis, acting Secretary of Energy, said that NIF
“will belp the United States meet the conditions of the
Comprehensive Test Ban Treaty and reduce the global nuclear

danger. The country will also benefit from cutting-edge science -

in astrophysics and fusicn energy.”
NIF will be designed, built, and operated by L
Livermore, Los Alamos National Laboratory, Sandia National
Lah jes, #ad the University of Roch )
Fuading to begin site preparation for NIF was i “‘inth:

Fiscal Year 1997 congressional

West Group Is add g this challenge by i g e
mbonmvxdtechmlozydcvdopednhvmtoma
steady and low=cost supply of the material for its own needs.
Contact: Jennie De Pruneds (510) 422-1339 )

(sdeprunedal @llol gov).
Acoustic tools to evaluate heart valves nonsurgically
1 L is developing nonsurgical acoustic

techniques to identify which implanted mechanical beast valves .

of one manufacturer are susceptible to failure. The
Labaratory's new studies build upon neady three yeass of
rescarch to find ways to detect, without surgesy, “single-leg

appropriation, Full
ﬁmdmgnpmnhhel’idewl”lmgxudmﬂbudgu

mmmmmamwmmm
project will create about 6,000 jobs natioaally and 3,000 locally,
Openatioa of NIF will creats almost 900 kang-term jobs in the
Saa Francisco Bay Area.
Contact; LLNL Media Relasions (510) 4224599
(garbersonl @Il gov).

Desalination technology Ul d to Arizona firm
Lawrence Livermore bas entered Into & liceasing agreement
with an Arizona water resource management company that wants
to commercialize & promising Laboratory water purification and -
desalination technology called capacitive deionization (CDI).

_ 'The firm, Far West Group, says it initially wants to use the
technology 10 provide simple water treatment to underdeveioped

parations” of the Bjork-Shiley Convexo-Concave valves.

" ‘The sepantions occur when one leg of the beart valve's outlet

styut breaks free. When both legs break, the strut is said to
fracture, a condition that causes the heart valve to lose control
o(blaodﬂowtoxhabemludln;lodmhin;b«mwoof

" three cases.
Aso(Novunbﬂ.S%fxwmonthonvuo-Cmuva»'-

heart valves had beea reported. About 42,500 Coavexo~
Concave valves, marketed between 1979 and 1986, are
estimated to be implanted in parients stil] living.

The aim of the studies is to use acoustic differences, not
surgery, to identify which beart valves are normal and which
have single-leg separntions, If differences between the valves
can be identified using acoustical screening techniques and if
the U.S, Food and Drug Administratioa gives its approval to
use the tectniques, peopls with valves believed to have a
single-leg sepantion could then have replacement surgery.
Contact: Graham Thomas (510} 422-7325 (homas26@nl gov).

Scicacs & Techoology Review Apeil 1997

_Commentary by Tom Isaacs

\3

Pohcy

}IE:hdezeof:ﬁecﬁvdymkiu.Mm&ng.

and disposing of & mounting inventory of puclear .- - ¢

foaterials and wastes, both withia the U.S. and abroad, bas -
attracted increased anention during the past sevenal yeans. With
the ead of the Cold War, many national expests agree that now

huwnxhlnme.dupmmuudmmdndmuchmd .

X Shaping ] Nuclear Materlals

uranium in & safe and environmentally responsible manner.
Such policies must also ensure that these materials never cod
up as part of makeshiR nuclear wespons for & terorist nation.
Even more important, we need 0 step back and develop a
systematic and ratiogal framework for understanding and
dealing with all use and management issues related to nuclear

challenges, to develop a sy and rational fx:
for shaping policy regarding the use and management of
nwuclear materials, '

-+ On December 6, 1996, Jobn A. Young, co-chairman of the
President’s Committes of Advisors on Science and
Techaology, wrote President Clintoa urging him “to continue,
strengthen, expand, sod better coardinate these national and
mmmalcﬂ’mumdwmmgm;.pmcum.md

dupounmcfnndmmxmah.

By law and fedenal policy, lthepmmmotEnuxyu
centrally involved in U.S. nudeumumhuewuddnp.'lhe
departoent’s specific

-Agmwin;invenwyo{xpemﬁ:dﬁomeommddnu;:iw

power plants, currently exceeding 32,000 metric tons.

-muZmdhmwhmmmn(ndmaivewmuo{nntypu.

© About 3.7 billion cubic meters of contaminated sail and
groundwater at fedenl nuclear sites and other Jocations.

-Ovumomwmdnmknpxodmmmhdudinz

highly enriched uranium and plutoaium. .
-Aboml7.m0ndmmvewmesuudtutm:dmne.wm
anagement, industry, and research,

Compounding the complexity of the current simation s the
fact that each area of DOE's nuclear materials responsibility
has compelling technical, policy, economic, legal, institutional,
and political amifications at both narional and intemational
levels. For example, plutonium e} over from retired Cold War
weapon systems can be viewed by differcat constituencies as a
nuclear weapon material, an energy source, an intermational
proliferation threat, of a hazardous waste. It is all of these,

As the article beginning on p. 4 lllustrates, the management
«of plutonium disposition from large aumbers of retired puclear
weapons has become an urgent task with significant .
environmental and security implications, We need sound
dispasition policies and plans to handle plutonium and enriched

jals, With this framework, DOB and the nation’s decision

- makers could more easily take into account all of the (often

competing) issues to ideatify and asscas opportunities, risks,
and costs for various puclear materials stewardship options.
In the spirit of developing such & fi ock, DOE and
Lawrence Livermore National Labaratory sponsored 8 two-day
‘warkshop at Livermare last October. The Nuclear Materals
Stewardship Policy Review Workshop, the first of three
planned, brought together more than 70 experts from DOE,
other (ed.enl agmes. national laboratories, non-govemnment

. org ions, and universites, The workshop afforded -
pamnpmmuppommuymlockmhebiuupmmuby
T4 mp isted with nuclear
dship, includi lhe and types of materials, the

ummddnpondonpuhwnyso(thuemwm.md
nonproliferation implications. Following the workshop, -
omnlmmupudc&umdwwmom.hehmm
coatinue their discussion.

Tbxwgh:bacwmhhop:mdothqmuwnfmcu,

- and comnmaications, the DOE and the larges suclear materials

community &re beginning ta identify the information, toals, and
resources needed to move ahead. Admitedly, this is an anrduous
task, but it is one that the public expects us to do and do well.
As the remaining superpowe, the U.S, has an opportunity and,
in(m.mobhxmonmmﬂnmumhcxmm policies
rding the and use of nuclear materials
in their care. "
A3 we more forward, it is centain that Lawreace Livermors
wﬂlphynnpxﬂummlemhdpmwauﬂdmuw
rk for nuclear materal newudshxp.Auxpemmn
variety of nuclear materials and f
mdmﬁmhavemmhwmbmwmuudmhmm
grow in importance in the years shead.

W Tom Lsascs is bead of the Otfics of Poiicy, Plaaning, and Special Studias.
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EARING down the Berlin Wall in 1989 symbolized the
end of the Cold War. However, the real work of ending
the Cold War—sharply reducing the numbctof nuclear
weapons—remains to be done,
The governments of the United Smes tnd Ru.\‘ia have

" taken the first steps toward ruclear arms reduction by

negotiating the Strategle Anms Reduction Treaties, Under

- START I, which was ratified in 1991, both countries agreed to”
reduce their targe nuclear wespons arsenals b’:pptmimldy S

6,000 warhcads and have already begun todo sa by -

© dismantling between 1,300 t0 2,000 weaponsexchyear. ©
-: START IL, when it is ratified, Wmmmdmmnbenfuﬂhﬂ'
: lobuween30ﬁ0nnd'.§500

" The dismantling of weapons md the cesiation ol‘ncw
nuclear weapons manufacturing, while positive for world

. peace, have raised a prodlem: what 10 do about the fissite - --

materials recovered from the weapons of in inventories that

will remain unused. These materials—primarily plutonium and
“highly enriched uranfum-——are environmental, safety, and .

health concems. But of more urgency i< the threat they pose to
national and international security if they fall into the hands of
terTorists of rogue nations. As arms reduction continues and
amounts of surplus fissile materfals increase, the poleminl for
such security breaches will increase,

As part of bilateral muclear nonproliferation wmt, both the
U.S. and Russia have initiated scientific studies to find a way
to disposc of surplus fissile materials, Jnthe US. the .
Departinent of Encrgy is the technical lead for the disposition
studies, acting as a member of the Interagency Working Group
of the White House Office of Scienee and Technology. In this

capacity, DOE has mandated scparate studics for dispesing of

plutonium and highly enriched uranfum, hecause of theie
different chemical characteristics. Lawrence Livermore is .
focusing primarily on the study of plutonivm disposition.

Plutonium Dlspoéidon

plotoniom in s deep borehole ran into

Phtonium Disposition

Figure 1. The prototype bisector was
designed and tested at Livermore. Using a
chipless cutting wheed, & can separate
weapon phs into two half-shells in less than
30 mirnstes so that the phutondum in them can
be recovered for dispositon.

manufactoring techniques of these pits
inorderto lncorpome the
tive configurations that will

be processed throogh ARIES. It also
calls for a “no-hands-on” process to
keep radiation exposures to the
operator within scceptable limits.

Bisector improvemnents are being
made and will be tested during 1997,

- Producing Plutonium Oxide

To be guitsble for most of the
disposition methods, plutonfum must
first be converted into plutonium

- oxide, the job of ARIES"s second

module. Lawrence Livermore bas been
developing pyrochemical techniques to
sccomplish this conversion vsing
various hydride/oxidation (HYDOX)
resctions. Three such processes are
being resesrched, all based on

ions in which pure bydrogen gas

Aftet a series of studies, including siting and Licensing difficulties and was
technical work for a preliminary eliminated from consideration, despite
envimnmenul lmpact mdy DOE the fact that Livermore studies proved it

- tobe as technically feasible as the other
disposition nltznmim for further two altematives,
study: vsing plutonium as reactor
fuel; encasing it in other material, ‘Recovery and Conversion
thereby immobilizing it and making Lawrence Livermore and Los
it insccessible; and buryingitina Alamos sre designing & plutonium
deep borehole, .- recovery and conversion system, the

Lawrence Livermore is involved in Advanced Recovery and Integrated
studying the front-end processes Extraction System (ARIES). ARIES hay
required to prepare plutontum for ﬂve modules. which are used for: pit
disposition and is performing h y, converting plutonium into
and development on two of the three sn oxide (for disposition), converting
specific disposition methods to plutonium into & metal (for long-term
determine their viability, Specifically, storage), packaging plutonium for
Lawrence Livermore is working with storage, and performing nondestructive
Los Alsmos National Laboratory on a assay to account for plutonium
system for disassembling weapon pits quantities, Lawrence Livermore fs
(or cores, where detonation takes place),  focusing on the first two modul
recovering the plutonfum in them, and .
converting it into & disposable form. Pit Disassembly :

Livermore has alto led the two teams + The pit disassembly, ARIES® first
studying the immobilization alternative module, consists of a glovebox in which
and the deep burial altemative, Oak the wespon pit is received; remote
Ridge National Laboratory is studying bandling devices that transfer pits onto
the reactor-fuel alternative, a scale for weighing and then move

The Prog atic Envir ! them on to be inspected and have any
Impact Statement for plutonfum appurtenant devices removed; and a
disposition was published in December bisector (Figure 1) that zeparates the
1996. In January 1997, DOE amnounced  pitinto two half-shells by using s
fts Record of Decision on plutonfum chipless cutting wheel. The bisector
disposition, recommending & dual framework remains stationary while the
disposition path: immobilize low-grade  pitis rotated.
phatonfum materials and use high-grade The bisector design takes into
plutonium materials to fuel reactors, the dimens psulation
The altemative of burying surplus methods, construction materisls, and

Science & Technology Review April 1997

" s used to remove plutonfum from & pit

by forming a plutonium bydride. The
formation of the hydride causes the
plutonium to bresk up into small
particles and separate from the other
pit materals. The plutonium hydride is
collected and then convertedto -
plutonium oxide either directly or after
conversion to plutonium nitride,

The experiments on the HYDOX
processes seek to minimize production
cycle times and maintain safety while
producing oxide particles to the
required disposition specifications,
particularly the more stringent
specifications for oxide fuels used
in reactors,



Plutonium Disposition . .

A pmmtype HYDOX fumace has DOE’s Office of Nuclear Energy, Savaanah River Technology Ceater,
been d d bled, and installed  proposed the next best thing: minimized  Argonne National Laboratary, and
mdhbcmznud!oumhevmmu accessibility, Dubbed the “spent fuel . - Pacific Nort National Lab Y.
process optians. An additional unit standard” and accepted as the goalof . Sevenal U.S, umvemnunndpnvm:
(Figurce 2) is being assembled in & plutonium disposition effosts by the . industries are also partners, as are
glovebox and will be installed and U.S,, Rusiis, ad the sevea other - sevena) other pations (including .
operated at Los Alamos as pant of the stakeholder nations, it defines Austalia, the United Kingdom, France,
ARIES demonstration. “minimized accessibility” as equivaleat andkw)wnhmmuundupenm

10 the accessibility of the plutonium mlmmohhnnm.
The Spent Fuel Standard found in speat reactor fuel. The speat bilization b

Because most nations and even some  fuel standard Is a reasonable goal mupmmdmndaxdbympsuhnnz

ist groups are technically capabl b the technology to rplish it ium inside a waste form

of conventing surplus plutonium into appears achievable within 10 years and ;peuﬁunyudomdformumncnon,
nuclear weapons, the ideal disposition implementation caa be completed adding & radiclogical bacrier to |
method eliminates the possibility of within 25 years. Jtisalso inccuﬁbilitytolhcplnmnium.md
surplus plutonjum being used for - - goalbeunu.bydeﬁmuon.nexcludes uahngthemulnn;mumumdn
weapous, If a disposition method is not speat fuel pl which stee! canister, Like spent

ilable withina ble time frame, thehrx:rpanoﬂh:mxpluu—fxom reactor fuel, these canisters would be
the growing volume of plutonium susplus  disposition and conceatrates on stored for an interim pesiod before
will make proliferation easier and render  weapons-grade plutonium. being placed inside a geologic
arms-reduction agreements meanin, repoitory. The size, weight,

Bmmwtdehmmonhnmflm The Immobilizatdon Task ; composition, and radiation barcier of the

1 Liverm hi | filled are jntended to make the -

Figure 2. Ta be sultable for most disp

hods, the excess

be couverted i phaocium ke by various bytideloxdadon (YDOX) meboda.The
prototype HYDOX Aunace design originated at Livermors and has been used to test vardous
HYDOX process optons. Livermore technicians Willlam Kuhl Jeft) and Temry Ludow assemble
8 HYDOX fumaca n a glovebax. The wiak will b used for Auther teating st Los Alamos Natonal

Labaratory.
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* plutoniumin it roughly as difficult to

steal and recover as the plutonium in
fuel.

Before the immobilization altemative
can be fully developed and implemented,
three decisions need (o be made:
© What waste form is to be used for
eacapsulating the plutozium aod what
technology is to be used for
eacspsulation?

o I3 the radiological bartier 1o be intemal,
muh.medmmmeplmmmox

4, in a sep
mnmndalhcplntmmmcmmun’l
o Where will the
mmobﬂmnonhksphce?

Immobilization Options
A great deal of information about

- stabilizing radioactive material by

embedding it in another material has
been published. An extensive
literature search ideatified 45 forms
considered previously for
immobilizing radioactive waste. .
These 45 forms were subjectedtoa
formal, two-step screening pmceu to
derive top candidates for comp
technical evaluation. The two top-

Piutonium Disposition

ranking fonms were borosilicate glassand ~ Three Glass Variations lutonj rber-glass frit
Syaroc (synthetic rock), a ceramic  : . - - Variation 1: Internal Radiation ('leuxeh) Fmt.4hlnp'mnxlenof
material developed by scientists st the . Barrier, In this two-stage p plutonium as plutotium oxide ars
jan National Univessity, 1 plutonium oxide reacts with glass frit bined with bsorber and
Livermore, and Savannah River. . ining & bsorbes to preg glass frit to form plutonium-glass frit.
The glass and ceramic forms were - [ . )

evaluated in five variations of the
imunobilization process to look at
vmoupermnunmsdfoms. '
diological barrier concepts,

facilities in which the work could be
done. As in all other disposition
methods, the plutonium must first be
converted in1o an oxide, and then s
neutron absorbes mixed with it for
criticality control.

§ coéudh.nuxlng Vedaton 2
T Contact handiing 1 ./ buta

Figure 3. Variation | and bo\ah
Vastaton 2 are two-stage

vigificaton processes. (a) [ the ficst
stage, plutonium (Pu) axide is mixed
‘with glass £it and a neutron absorber to
Crsate phutonhan-glass 1 () Inthe
second suge of Vadagon I, that K is
blended whh additonal glass bt
containing Reutron absacber and with
newly made cesiuny-137 (37Cs), 0
radiological bartier, (<) Inthe second |
stage of Varistion 2, the cestum-137 ..
comes from DOE's Savaanah River
Delense Waste Processing Factlty. (4
In both variations, the resulting mokten
Pass product is poured knto a canister,
which Is welded shut, decontaminated,
and stored to awak permanent disposal.




LA

Plutonium Disposttion

‘The second step (Figure 3b) blends
batches of S0 Kilograms orless of
plutonium as plutonium-glass frit with
additional neutron-sbsorber-containing
glass frit end cesiom-137, where the
cestum is used as a radiological barrier,
The resalting molten giass product is
poured into & canister, which is welded
shut, decontamninated, and stored unti!
permafient disposal in a high-level waste
repository (Figure 3d). . .

Variation 2: Internal Radistion
Barrier. This two-stage process i similsr
to Varistion 1 but would use existing,

modified facilities. The first-stage melt
of plutonium oxide and borosilicate frit
(containing s bsorber) is made
in an existing facility st Savannah River,
and the second-stage melt (Figure 3c),
which incorporates the cestum
ndiological barrier, will be done ata
new melter to be built pext to Savannah
River’s Defense Wasts Pr g

concept in which plutonfom is
immobilized in borosilicate glass that
contains a neutron sbsorber. Then the
mixtore s poured into cans, which are in
tum placed in canisters into which
molten high-level-waste glass is poured
(Figure 4). The kigh-levehwaste glass
comes from the Defense Waste
Processing Fecility at Savannah River.

Facility, The high-level-waste fission
product cesium-137 will come from the
Savannah River tank farms,

Varistion 3: External Radiation
Barrier, This is & “can-in-canister”

Two Ceramic Varlations
Varistion 4: Internal Radistion

Barrier, Plutonfum oxide is first

converted to plutonium nitrate and then

==

=

-
£
Y

Y

Py gless
inside cans

Figare 4. {s) Viri8 315 & “candin.

” concept in which phutonium (Pu)

tmmoblized In borosBeate ghass s poured into a can, which Is then placed in (b} canisters
Into which mokten high-level-waste glass fom the Defense Waste Processing Facliy st
Savannah River s poured, The outer canister provides an external radiation barrier,

Science & Tochnology Review April 1997

blended with mineral-forming oxides ceramic form is made by blending

( ic p X plutoniom oxide with ic precursor
absorber, and a titanate that ' ials and s absorber. The
cesfum, The mixture {s calcined (heated  mixture is caleined, cold pressed, and
but not fused), loaded into bellows, and  sintered (heated but not melted) into a

hot pressed into a dense form (Figure 5).

Twenty of these forms are loaded Into s
canister and packed with titanium oxide
granules. The canisters are stored until
they can be sent to 2 high-level.waste

itory.
Variation 5: External Radiation _

Barrier, This is a can-in-canister

pproach similar to Variation 3. The

dense form that is loaded into small
cans. The small cans are put inside a
storuge canister, where they are
surrounded by glass made with high-
fevel waste (Figure 6).

Progress Report
For the five process varistions, the
task team developed process flowsheets

PR

Hm!.(a)VMmlhncmicMumgmhumle

berder. Phtontum (Pu) exide Is converted to pit

pirate snd then

Phstonium Disposition

and preconceptual plant designs;
gathered the required environmental
data; and determined the workforce,
cost, and schedule requirements for
implementing them,

At the end of these tasks, the teem
recommended the can-in-canister
concept to DOE and has proceeded to
the research and development stage to
determine whether glass or ceramic
should be the immobilization form.
Research on vitrification forms is being
done with Sevanmah River, Pacifie
Northwest, and Argonne laboratorfes,

Hlended with mineral-forming exddes {ceramic precursors), & nevtron

hsorber, and 8 tanate-

ing cesium (Cs). The mixture is heated,

foaded into beBows, and hot pressed into a dense form. The hot press is in
the photo, upper right; the dense-form product is pichured Jowee right.
Twenty of these products wil be loaded into (b) a canister, packed with

teanium (TY) oxdde gr

‘waste repasftary.

and sent, ulimately, fon p

highlevel

- Science & Technology Review April 1997




Figure 8. (a) Vadadon $ Is also & teramic procass, but & invalves & “can-io~canister” {or extesnalradiation-baier) approach Rka Vastaton 3. The
ceramic form is made by blending phutonium (Pu) cxide with Ceramic precursors and & neutron abscrber, The mbdture is heated, cald pressed,
and sintered (heated but not mekad) ko & dense form. The cold press Is in the phota, lowes right; the dense-lorm product is pictured lowet lell,
The ceramic product i Joaded into smal cans, which are put inside () nm-mmmqwmm.mwym

Science & Technology Review Apeil 1997

while the Atstralian Nucleas Sci

Piutonium Disposition

. pluteni \lndnm-emhekmnm hubembumandimulkdmdhu
and Technology Osganisation nmnlnmthemlubdxtyofplmomnmu prod i
(ANSTO) agd Savannah River are expected to be comparably high in this abwlwgrmofpluwmum. ,
Lawrence Livermors’s partners in formulation, In the latest experiments,
ceramic fon rescarch. this glass has dissolved greater than Reposltory Performance
. . 10% by weight of plutonium. Now itis An immobilizetion form is judged
Desirable Glasses being optimized and further . publel’ordupwxlinufeduﬂ
All the ways to use glas to . - chancterzed for plutonium solubility, - tepository glos
immobilize plutonium require further thcl.nﬂueaceot‘teqmmdlddidvumch ﬁwforpurpaecﬁtedmthn ’
research into improving the solubility ~ asthe includ latory, L and
of plutonium in the glass melts, N vadations, p ‘m:y. long-mmpcxfcmncafm The
determining the most effective i to radiation damage, and main logg-term, post-cmplacement
lbwrbex understasding solubility Jong-term chemical durability, performance considerations are
ions betweea the " criticality safety and the potential of
absorber and plutonium, and agalyzing ©  Ceramic Forms and Processes the form to contamizate the biosphere. -
how impurities affect the quality of the Since the late 1970s, ceramic waste In the U.S,, the regulatory performance
waste form. Glass-forming chemicals forms have been coatidered foruse in period for high-level waste and spent
must be formulated to dissolve the immobilizing high-level waste, But no fucl in & geologic repository bas been
greatest amounts of plutonium oxide, industrial experience base exists for specified as 10,000 yeass. (The
bsarber, and any jum and this technology, so it is not as mature pertinent regulations are currcatly
other impurities preseat. Moreover, - a technology as the borosilicate ~-- under review and may change.)
these chemicals should bave the best glass forms. However, the emplaced plutonium and
processability and chemical durability , - . Like glass, ceramic forms must be . its uranium-235 decay product remain
charactedistics, Finally, to . ¢h ized for plutonium solubility, fissile over much lopger periods
ku:hmxl.hnglmptoduathcytom , the influeace of required additives such (huadreds of thousands of years for
should ideally be homogencous, with &3 & neutron absorber, tolerance to plutogium and billions of years for
no separated crystalline or amorphous P istions, p bility, uranium-235), over which criticality
phases. . ' resistance to radiation damage, and safety may need to be assured. | '
Two new candidate glasses have long-term chemical durability., . Scensasios for criticality eveats can
beea formulated. The first, an alkalitin- The most advasced ceramic . be divided into three categories of
silicate (ATS) glass formulated at tomhnon(odmbSynmANSTO criticality safety: safety of the
Argonne National Laboratory, was to initiated development of Syaroc in 1978 . ially undistrbed empl
be used in the process in which cesium and completed & demoastration plant in waste package, safety of disrupted
would be an internal radiation barrier, 1987 that operated at 8 commercial ., . waste packages, and safety of disposed
However, because the preferred scale of approximately 10 kilograms per  * fissile mateials released from the
immobilization process appears 1o be _ hour and produced more thag disposal form followed by possibl
the can-in-canister coocept, work on A6000kﬂognmsof$ynmc. port within the itory oria the
this glass stopped. | i for hece. In geaennl, the criticality
A second glass formuls, proposcd (omuhodemmmhowmxch ~ ufctyotthcﬁxstcmgo:yofmnm
for use in the can-i L plutonium may be incorporated intothe  can be assured with very high
vmmonlndnowlhaymfe.md forms, The best demonstrated process confidence, but assuring the safety of
formulation for vitrification, prody . for fabricad pecially the latter two calegorics is more
;hudmﬂuwcommemmumcx J ceramic with an intemal radiation difficult and will depend oa such
optical glasses that contain 55% by barzier, is bot pressing. Thepmcushu factors as the fissile material content of
weight of less of raro-canth oxides. . . been demonstrated full-scale with high- the disposal form, canisters, and waste
(Because this glass requires avery high  Jevel-waste summogates, butoalycna ~ package; the geometry of the disrupted
operating temperature, highly volatile Laboratory scale with plutonium. At coofiguration; and the degree of
cesium cannot be used as an internal Uanoxe.lho(p:tucapnbleof degradation of the disposal form and
radiation bamier.) The chemistries of P mwommm luimamonswhmmdmxmck
actinides (the chemical family of . in 0 7.5centi Ll andwater, - - - .o
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12 Phuonkum Disposition

- Notwithstanding the comp! --yof rpositonal and thermal stability of Science to End Cold War
the problem, key p jes of & disposal forms, physical and chemical The surplus weapons plutonfum
forms that affect cﬂdcauty safety hm homogeneity of di:posxl forms, and disposition program is but one of
been Identified. They are fissile diation effects (d indi { several programs to help implement
loading of disposal forms, foxm md radiolysis in wnher) pohtic:l agreements and maintain
concentration of the neutron sbsorber, are particularly ds and security for the nation,

. and absorption properdesof ~ ~ about the mscepu'bmty of the dupo.ul In li;ht of the complexity of the
the immobilizstion matrix, Other . formto eracking during fabricationand  disposition program, both in terms of
factors are resistance of disposal form - after emplacement and to the teope and required scientific expertise,
] constituents to release and transportby - development of permeable channels declaring the Cold War over was
groundwater and the rates and relative within the disposal form caused by simpler than implementing its end, At
timing of releases of different preferential dissolution of certain Lawrence Livermore, scientific
. components. Characteristics of phases or aloog grain boundaries.  progress is being made to contribute to
elemental release from Lawrence Livermore and s~ thatend. .
disposal forms may be very partners are providing needed B «=Gloria Wilt
different for different information for DOE’s final Key Words: ex, deep .,
disposal forms (especially - immobilization technology ¥ : ceraml borchol
glass and ceramic) and sre decision, expected by ﬂf materlals, immobilization, puclear
affected by compositions of September 1997. By ®ien, piueentum oxide processes,
water and disposal form, they will have defined standard, vitifiextion, waste forms,
solubility of the formulations for the glass weapon pits.
constituents, sctive and ceramic immobilization
" surface areas available - forms, characterized them
for reaction with water, for proliferstion resistance  For Amther Information contsct
' and performance in the Leonard Cray (510) 422-155¢
geologic repository, and Gray3®lnlgov).
developed the information
needed to evaluate concepts
for production processes.

Lecnard Cray, the chief sclentist for Lawrence Livermore's Excess
Fissfe Materials Disposition Program, with a protorype suiniess-stee!
canister, which is 3 meters (10 fee) tall and £0 centimeters (24 inches)
In diameter and weighs 1,680 kilograms (about 2 toms).
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Members of Livermore's Fissile

Materials Disposition Progrnm

team (clockwise from lower left):
MARK BRONSON bolds tBS.

, dem- ‘the

Plutonium Disposition

lnd{lbrlm!on, for the proposed i¢ form (a
variation of & materia] called Synroc) that Is able to
incorporate and lmmobi!lu excess pluwnhnn. Hehas slso

p n of & large plutoniem-
b jc pellet that meets preliminary design

4 in metallurgical engineering and
an M.S. in metallurgy from the
University of Utah. In addition to
beinglndcro{the" lated projects in the I
Separstion and Advanced anfacmting Prognm at
Livermore, he lesds the plutonfum pyrochemistry work of the
Fissile Materials Disposition Program, Particular
accomplishments are development of the pit splitter for
recovering excess plutonium from the cores of puclear

(4

expecudons
Guy ARMANTROU!‘]oined the ubonwry in 1965, He
holds ¢ d in electrical engineering and physics from

- Purdue University. He is a project leader {n the Fissile

Mltcdds Disposidon ngnm r:sfponsible for tbe

’ proces;lng rystems for the Immobilization ofplutomnm in

glass and ceramic in preparation for disposal in a geologic

weapons and the hydrde/oxidation p that

plutorjurm to plutoniom oxide prior to immobilization. He
came to the Laboratory in 1988 by way ofDOE'l Rocky Flats
facility in Colorado, where he h and
development in the field of plutontum pymchznﬂctl
technology.

BARTLEY EBBINGHAUS joined the Laboratory in 1991
sfter eamning his doctorate In chemistry at the University of
California, Berkeley, He is corrently task leader for
Livermore’s ceramic immobilization work on DOE's Fissile
Materials Disposition Program. He co-designed the formula

P 14 - : ,
LEONARD GRAY (Ph.D., University of South Carolina) has
been a part of DOE’s Fissile Materials Disposition Program
since ts Inception in 1990, when be was asked to organize
and lead an international team responsible for developing the
immobilizstion portion of the program. After a 20-year career
s g st2ff chemist ot DOE’s Ssvannsh River Site, be joined
the Laboratory in 1988 25 a section leader for plutonfum
process development in the Special Isotope Separation
Program. He is currently chief scientist for Livermore’s
contributions to the Fissile Materials Disposition Program.

gelagn with a Dangerous Surplus from the
o

lnmelﬁamthofcwColqu.!hemmgemofmplm
fissile materisls has become an urpent task with profi

bynmeculmwmformmdbandhdeepgeoloﬁc

environmental, national, and international security implications,
Lawrence Livermore is 8 key player in a study 1xonched by the
Department of Energy to find & wxy to dispose of surplus
wnpomplnmn!ummhbamory'nwmkmmof

ing to retrieve phitonium from nuclear wespon pits and
topmeeuhinmlformmbhfordupomonnwennmmh
and development for two disposition methods—immobilization

holes. DOE ty selected immobilization as one
method of the dual disposition path it will implement for
phutonfum, Lawrence Livermore's work contimues with
research in ceramic and glass formulxtions to provide a
scientific basis for DOE’s decision on the method for
Mﬂﬂlﬂ"w‘ﬂm

lmwd Gny 310 4221854 W’Imlpv}

Science & Technology Review April 1997

193



tectonic plates, like those in Japan, Indonesia, lndthq
Aleumn Islinds, constitute ovet75%ohllvolunoenhn"

plnoftthgnh acmst.‘rhc guufmmthue

18 also conmbmn to the formmon ‘of our nm.rphm-.

another, tndthzmpwdhvawﬂlhnvethzuowpwﬁiutor\&“
of ot »

Paed gn

3 "
1uhqucted. “This study indicates that sediments ire not xequimd iy
in the production of lsland-agc volcanoes,” says Kmung. b

. Baaltic rocks from Klyuchevikoy. They used Livermore's 15" '
i ‘which can measure ,‘.nhnvelydnnco-hlmur)mcm(huonmemzmntm

2y
«:«.«»«”p’-"g iy
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/g ¢ ] 3
lunoumoppomgliduofmefm!tmmmultffﬁi'!hé

o
ﬁmﬂdxﬁminmifmniisﬁm‘ whidnhe““"‘ ."Lzﬁ:

the Internet eruiser’s ability to download large graphies files,
‘They are envisioning users such as physicians of the foture,
who will be able to retrieve a host of complex medical records
from vardous remots locations, perform remote telesurgery, or
practice space telemedicine, .

naeonsm!um(l’lzvxel)m”ceivedmmh!nkhmdsfmm'
mént of De!m:ﬁdﬁneedbefeﬁfé’kmh 3
5 vanced 6

The Context for Livermore’s Work

uwmuw:momlud:theworkond:epmmype
network, which is to Integrats new, developt ]
lntotlogicdmddﬁdemworﬂnnymm.hh:ﬂtﬂngmle
not only b of the Lab y's brosd expertse in optics
mdhrgmdewmpunn;bm:hobec:mofmneuuﬂ
pttspecﬂveonwod:m ly mmst be d

g the new technologies iato a high-service-

quahty.hi;b-spcednmortonwhxchnewh:g!mpmry
applications can be tested will promote the advanced

lications and 4 the 12l feasibility of
menewtechnolo;les. One important goal of NTON is to
convince private-sector investors that the new optical
components sre worthy of commercialization and that the
fiber infrastructure should be upgraded, But as Bill Lennon,
Lawrence Livermore's project leader from the Advanced
Telecomnmﬂnﬁomhumm,pdmsout.'methm
y for technological adv amd

T Isotope: ;
e f Hon:hu. l.lpln.'Sdmlm “64—[468(!995)‘
T «

5
v
F R

rao

Hughes Resaarch Laboratores
lcations Products

l 2y

fylndmll ility, . ﬂpni TMNMMWWNM&E:WMW
‘thé’needsof'ﬂ’lhunmwmmmmmmmdh;humm



National Transparent Optical Network

Figure 2. Cuently, the Nadonal ’
Transparent Optical Network cansists of -
four backbona nodes connected by

600 kilometers of Aber that offer access to
the network and route the sreams of data

h\vmnul.ivemou.mnodu,ﬂcommedbylmnmml
600 kilometers of fiber, oﬂumwmenetwodundm
the strearns of data that pass throught Tributary fibers will I
l.hemtoothcmurume.t.wluucummlysom:SOIJdvmt:edi
lications are being devel mdmted(‘Fxg\mz)
mmmeedmdmuapmxydhmwmkm

on the inherently large bandwidth ofopnalﬁben Bmdw:dzh

isthe ion of a medium's communi

p s capacity*
Optical bandwidth offem, of course, the speed of light, But it ;

also offers the whole rainbow of Light frequenci; anm;thu

upmtynngecmbehkmadmhmumnulk:yboqdo

‘ product Byvmpbax 'releoqu;mmudons Products, &

(R wy

comoxdummemberl(hmmto—gpncmnbleﬁlm .
AOTF); wlmaﬁmcuqn !orw:nlhcnmluplawnvdmgthl

xmny lengths oa their way to

o dxﬂ‘emu de.mmuous Somoothawavdcngms are isolated

y ‘routing them o ‘Betwork-access equipment that *maps”

their signals fo a different waveleagth. Because those signals

isolated by this blocking, their formes wavelengths can be
used elsewhere in the network. This waveleagth “reuse”

many octaves, which can be used to play far more complex¥; 'hnkuthclymmscdgble,thah.lblewlndcﬁmuly

melodies than a keyboard of one octave,

NTON calarges optical bandwidth capacity even more
through & techoique called wavelength division multiplexing
(WDM), wherein each optical fiber is used to camy mare than
one wavelength. The various wavelengths do not interfere
with each other, 30 each can be used as a different
communication channel, (G the keyboard analogy, this
chanacteristic would be tantamount to simulitancously playing
a different song with each available octave.) The use of
wavelength division multiplexing locreases fiber capacity
without the need 1o install more fiber cable.

mNTONﬁbetcunul’mw:velmnh.lnpmcm.bm
plans are 1o expand to eight ultmately, The capacity
expansion that occurs with WDM requires new devices for
uzuhnnxthcmulnngvolummmfﬁc.Oneoﬂhcw

")hnuu the volume of infmmnm bnng switched mmugh

(Figure 3).

Aﬂexihle.TrmpmntNetwork
NTON i1 intended to be an open network; it must

. therefore be easily ible to h  and

(umu(includmgﬁmmonumchuhxxh—deﬁmuau
television), and users should work at their desktops without

_any awarcaess of its opecations. In short, the network must be
"flexible and transparent.

These characteristics are achicved through the use of

" standards, the rules that ensble systems to “lk” to each

other, When different systems use different local formats,
standards provide them with a common interchange

. hn‘uaxe.meumndudsmuudlndﬂmhyenof

SaenulTechndogyRsnnApll”7

parsnt Optical Network

an NTON

. Figure 3. Uniphase Tol

* pasticipant, is developing an acousto-optic tunable fiter (a right} e
whose functicn I3 fiustrated above. ks ability to awitch ot block
. wavelengths enables theit reuse, and thus the volurne of nformaton
being switched through the system can increase indefinktely,

thenmwo:knchh:mmwpmﬁde a hierarchy for signal
transmission. The b hical p mybe dto

geophyslcal datavia nulmc. from cn—hnc collaborations on

3

having sheets of paper packaged into pes and delivered

dengnlonmepmcenmxormuhunonof

Ainl,

wnenvelopehmdlexwhorepuhthcminmbmuot
eavelopes, which are delivered to a box handler to tum into
boxes of envelopes insids trucks, and 30 on through the
delivery sequence until the packages armive at their
dumnon.whmthcmmepmcmyxddnhuhuuo!
papet to the addressee, .

NTON uses two standards devel 1; 16 "vtot
ldvmccdmworh.ﬁm,siguhfmmvmouwmfomu
such as video, data, and voice are fed into the petwork and

d into a standardized format by means of the
Asynchronous Transfer Mode (ATM) standard. ATM not only
makes the signals insensitive to transmission format, it also
Mmmmmnmlpmmdpmqmmwmcneedl

gl ucoxd.i. ngi _Jnmﬂym.mononnhabxlmnon
therapies, and tomography images,

R.eumlySRh’l‘mVuwn.lmxwdxmmndunm
visualization program that runs on 8 high-performance -
graphics workstation, uscd the network to access multiple
remote data sezvers; obtain real-time, high-quality temain and
bmle.ﬁelddanfmmduuvmlocmom.mdmm
them a3 a comp isuali to another remote site. The
munhunonwunhebcoptupﬂoumvmx—eyemwof
terrain in a military installation.

Anothudemommmofthen:two:kmvolvedm

d of ic fusion plasma turbulence,

whchwumlnnalnm:onnCuy:up:mompumn
Livermore and displayed on a high-performance graphics

of the terminals, thereby making best use of ok
andemueacy AnuAmm:nmthmnudugoMa
coaversion to package them for optical-fiber traasmission.
This packaging is the function of the Synchronous Optical ~ =
Ne:\mk(SONKDmdnd.
SONEl'uplmadeyefﬁmt.nkeepuumﬂmdm
and it sy izes signals
touommmdockmnmphfyhndnﬂ'beuveenthenetwom
worldwide, These features make the signals easily and quickly
extractable for distribution or routing. The SONET signals are
lheonulhﬂmmmuzdommollhnmmhable R
wavelengths of the optical layer. .

D 10n Annlicat
The spplications being teated on the network run the gamut
from accessing digital libraries to accessing offshore

1 at & conf booth in San Jose. The test illustrated
mnwimhlghbxndwidlh.mmvhminﬁonot
p mputing simulations was possibl
" More of these futuristic nyphcmms are on the way, and
thcwakolN’l‘O‘(dmnmkingthemhappmmnM
than later,

ST =Gloria Wilt

Key Waords: acousto-optic tunabls filter (AOTF), Asynchronous
MMMM.MW.NMWW
Netwak(N’l‘ON).mme
Optical Nerwork (SONET), length divisl iriplexing
(WDM).

NN For Axther information contact
Wiltiam Lennoa (510) 422-1091 (wjlannon @ Unl gov).
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Each month bn this space we report on the patents lssued t0 end/or
byubormrywmmr:wlbb

mmploy«:umuanhdlmthcmkadmafm

. . work done at the Laboratory,
Patents
Patent issued to Patent tifle, number, and date of issue Summary of discosure
Nicholas J. Colela Radiation-Tolerant Imaging Device An spparatus and method for improving the performance of charge-
Joseph R, Kimbrough eoupled devices (CCD3) n the presence of jonizing radiation. A wafer-
US. Patent 5,576,561 scale charge Isolation technique infkibits of reduces the flow of electrons
November 19, 1998 created by the passage of jontring radiafion in the bulk reglons of a slicon
CCD. Used in devices operating in the infrared wavelength band, the
tachnique prevents a charge from reaching the sctve charge collection
vd\mcdnpudhlcmmhudymwm
are st the waferlevel a8 o s normal pe 8
snd testing can be applied; incrementat costs are mintmal.
John F. Cooper Production of Zinc Pellets A method for producing zine pellets of uniform stze and shape foruse in
zino-akr fuel cells having a stationary or moving shurry zinc partcle
U.S. Patent 5,578,183 electrode. The method involves the cathodc deposition of rinc from gine.
November 26, 1996 mmnm-aqmmmmu
b 1o which the gine does not adhere,
.;‘mudammmmymmhmm
the electrode substrate by the action of gravity, entrainment in & flowing
electrolyte, or mechanical acgan. The fnely divided zinc particles are
pressed into peliets and are retumed to the fuel cell in & pumped shavy,
Thomas J, Xarr Projectlle Stopping System e a projectiie catcher into the path of &
Lee C. Pitenger msmbmmamamd.m-mmmbym
U.S. Patent 5,578,78¢ A finger has a prok catcher that can
November 26, 1996 ulmmamm-mg- h A d to the
mmm“amnmmmdnmdmw.n
é ine the launch p of the projectie catcher, The
mmmmnmmmmmum
the path of the projectfe, and pt the projects
Glenn A. Meyer Carbide and Carbonitride Surfsce Amhummﬁudmlﬁmdmﬂw
Marcus A, Schidbach  Trestoent Method for Refractory e, p "]
Metals ,,‘ blnptvw and
. mmmmmd\mmumm
U.S. Patent 5,580,397 heated 10 800--1,400°C. A teaction mixture of nitrogen gas and hydrogen
December 8, 1998 gas and/or water vapar Is induced into the chamber and mandmd-u
partal pressure at which a carbide or cmt de suface p
mmmmmthdMWmhg
enough for the surface that forms to harden,
Thomas B McEwan  Range Cated Strip Proximity Sensor A senscr using one set of sensor ek v a distritarted or
- mpmmm. rimeter (0 be sensed. A P radio-
U.S. Patent 5,581,258 [ of pulses on the sirip to fom &
December 3,193 - mwﬁdd.Ammddmmmnmuppndhmdolmw
detect motion or presence within s sharply bounded radiaf region around
tha strip by mixing the radiofrequency signal carried on the Ine with
mﬂwm-mmmmnmmmne
d from nearly 2ero to severs] teny
o{fu(bydmmhedmﬂmddnndohqumqpuku,mhﬂ
less than 10 The sensor is pardcularly sultable for low-cost
valume spp suchas parking assi and home
security,
Corrad M. Yu M dnd Cas Ch graph A device used 1o Kenttfy the malecular compositon of &
gus. k featres & gas injector system that ts contained within two sficon
U.S. Patent 5,583,281 wafers bonded together and that includes two normally open infector
"~ December 10, 1998 valves snd one normsly closed injector valve, The valves are made of

Sexthie sficon niride. Carvier gas is drawn through the normaly open
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Patent Issued to Patent title, sumber, and date of tssue

Patents and Awards

Summary of disclosure

valves into a gas chamber. A pressure pulse forces a membrana to bulge
down into the chamber, which then forces the normally open valves to
close and the canier gus to flow through a channed, past the normally
dosed valve and into the analysis cohann, Sample gas to be analyzed is

Awards

Ceorge Caporsso, Kwok-Tsang Cheng, Alex Priedman, Dieter
Schnelder, Thomas Wesver, and George Zimmerman were
named FeSows of the American Physical
mquwuhmmw
Test Accel 11 Profect, was ched by the

APsla mmﬂmwwmm{mum

electron accelerators, especialy for instabiiy studes which
mmm«!mmydmm

- Cheng. a designer in the Defense end Nudear Techalogles

Directorate, was ched for Important contbutions 1o the theory of

stomic and & particudarly ta the understanding of

and g Jectrodynamic effects n highly charged

rnmmu-mmhmmmudh
g of fusion ph

laser-plasma
nmmwmm lnddal;ndhwnpacc
charge accelerator components.®
Schndder.aphysldshml’hydumdSmTedrdogy
Directorats, was cied for gol
humwlmhwghehcmwmmmdfmm

zsnmmmmmmmduqumw

Weaver, a physicist in the Phrysics and Space Technology
Directorate, was elected becauss of his crucial contrbutions to our

John Nuckolls, former Laboratory Director, and Charles McDonald,

Director at Large, will receive the Secretary of Defense
Outstanding Pablic Service Award for thelr help tn conducting the
frst-aver sssessment of the heakh of the nation’s mudear stockple. The
U.S. Srategic Command annaunced that they were among the eight
reciplents being honared for thelr work as members of the Strategic
Advisery Group.

Lab have g d troe swards for excellence in
mwumummmhmm«puumm
Federal Laborstary Consortium of Sequim, Washington. The
‘wirmers, all of whom are from tha Laser Programs Directorate, are:
phrysicists Lufs Zapata end Uoyd Hackel and formet Laboratory
technology transfer ofScial Damon Matteo for thetr work whh Intevae
hdm%mumubﬂmﬂmnﬂw

electronics Tom now 8 parkme
mmxmlmduhbormry w&hwdvum?nwmmm‘
Daltum, for thetr o that have & d McBwan's
mwwmndnnnmmm
and physicists Booth Myers and Hao-lin Chen along with engineers
Glenn Meyer and Dino Clario for collabarating with American
International eduiogmhe.d'rmc Cdfmh.hdevdoph;n
new electron-beam system pmcuahg

understanding of massive stars and their evolution, sup and
the origins of the chemical elements.®
ﬂmmmh&hhwmﬁdm&do
Development Group in the Physics and Space Technalogy

Directorate, was ched for *his crestion, and subsequent development ©

of the LASNEX simulation code, which has been used extensively to
guide the development of the Natonal ICF Program, fromits -
inception to this day.”

- I phr Muﬂcodbdmndpmdﬂul”&
!.O.ummk\ufdhphyﬂuhhbmmhedhndmwh
the hunt for dark matter, a leading mystery it astronomy. The award,
which ke p d annualy by the Dep of Energy, ches
Alcock's “sciemific and technological leadership tn making the first
definitive observations of massive compact halo objects (MACHOSs) that
may account for & sigrificant fracdon of dark matter in the universe.®
(See the Apr 1998 S&TR, pp, 6-11, for m report on Alcock's work )

o197, hllq-dhmdw AR fighes resurved, This document bes busa athared by the The Ragunts of the Univarsiry of Califorsis madar Comract Na, W-7405-
Exg4¥ with e US. G wee —-ﬂmhummn—lmm—h-ﬁq-hhﬁmw
mwu‘m—u-—-nd-uum P.O. Bom 904, Livermare, Califarnia $4151, or to our v nl gov.

mm-n-a---—ddwn-qqdummmmuwt—muuwwdm

. sor sny of their amployess seakas sy warroty, expramed or irplied, v seunte wny Jegal Kahiivy o resp

of wy
mm-mmcmhh--ﬂnmpﬁw—ﬂmmnnmmm“mu“b

o oGurwize, doss oply

mdmmmumd*— d harein

or favering Vy e Unitad Staies Covernrnent of e

el ot be wand for
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