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Herbert E Yorl:
The Legacy of E. O. Lawrence
and the Role of the Laboratory

in the Future

As part of LLNL's 40th attniversary observances held during
#992, the sixfornter Directors were asked to participate in a

lecture series. Each of these men contributed ill important ways to
making the Laboratory what it is today. They were asked to

comment on their years at Livermore, their view of the changing
world, and their vision of the Laboratory's role in the future. This

article is based on Dr. York's talk of September 2, 1992.

'l) like to talk about a mixture of never knew him. He died 34 \,ears western allies, we promptlythings, inany of them havirig to do ago. Thirty-four years isn't 40, but demobilized our armies and
witli the trarisitiori fl'Olll the past to it's ti long way bi.lck, so I'il accept drastically reduced the efforts tit our
the future. Most of what I'll be the obligation of talking more about defense-oriented laboratories. Then,
saying abotlt the past is designed to him than others might, in a one-year period, fi'olll 1949 to
extract some lessons for the future. To understand how a second 1950, three Inttior events changed
!'11 begin by talkirig about Ernest O. weapons laboratory callle to be and till tllat.
Lawrence. Of till the priilcipals Lawrence's role in the process, it's The first was iri August of 1949,

involved iii getting the Laboratory important to recall how the world when the Soviet Union exploded its
started, he's the one who's no I_mger Io(_ked iri tla(_sedays. Anlerica had first atonlic bomb. C'oiatrary to sorne
here and the one who has been only recently emerged victorious views, it was quite expected. The
l'olg_ltten by so many because they I'1"_)111World War !i. Along with our intelligence autllorities had estimated
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,,\h.mu._s,with Edward, who was then acceptable in Washington, 1can't they had to, and we had to work with
attheLiniversiiyof('hicago,and wilh imagineanyhodyelseintheatomic them,So, veryquietly,Iworked oui

peopleiniheAirForceand lhe energysystemofthelimeenirusling an organizaiionforl.ivcrmore.I

Atomic EnergyCommission (AEC) a bunch ot"3()-year-oldswilhlhe appoinledllaroldBrmvn Iohead

and _lhers. eslablishnleilloI"a new weapons A Divisi_m.,l_hnnyFoslcrIohead

Ernest was already ill wilh the laboralory and gelling away with il. B Division. Ken _ll'ecl ;.is(I, Division
diseaselhatwas Iokillhim,solhere We were allaware of LawI'CllCe's lecider,_ii1d(TieI'ryJohns(elFor

_ere long periods during which he disdain For Formal organization, L Division.
wasn't around, and 1carried on wilh especially in scientific organizations, Finally we had division leaders,
Ihese aclivilies more or less on my 1can recall a number of occasions but I slill didn't have a lille. ! don't
own. By the beginning of Ille lleW whell I or somebody else would lhink l)uane Sewell did, eilher. I
fiscal year, file decisions necessary Io suggesl lhe need For some sov'l ot' a explained palienlly Io Ernesl lhal we
establish a second laboratory had been lille to Lawrence. For example, 1 have Io call people lhings like
made. During lhe summur, we visited once remarked lllal i'd like to be :m division leaders because Los Alamos
lhe Livermore si,e often and held a assislanl professor in lhe physics used lhose lilies, and we had 1owork
number of meelings aboul whal we deparlmenl, and Lawrence got quite with them. i-le finally agreed, but it
might be doing ihere. On September 2, annoyed. (He was a man who became look some persuasion bee',rosehe
1952, we opened shol'> here on site. visibly annoyed-his eyes flashed, his never really thought you needed

jowls somelimes shook.) He replied anything more than "physici_l al lhe
l,awrence's l,egacy by insisting thal there was no belier Radialion l_,aboralory."

title in the world than "physicist at

Lawrence had a number of special the Radiation Laboratory," and that The Mysterious Mr. l,ivermore
characteristics that played a role in all he didn't want to hear any more talk

these activities. They were whal made about fancy lilies. SIilI, I would go back to lhe AEC
this operation dil:ferenl from w'lml it On the other hand, Los Alamos Washington headquarters about once
would have been under anybody had an organization with titles, as a month to talk wilh people in what
else's leadership. One o1' the most
important of these was the confidence ...........................................................................................................................................................................................................................
he had ill people generally and

especially in young pet pie. He
believed that il"you give somebody
responsibility, no mailer how big, titey
grow to fill it. You don't need a long
track record of experience or success.

_' ) +'.A iol olpe_ pie talk about the
imporlance of young people, bul
Lawrence was thai very rare person
who both talked about it and did

something about it.
That accounts, in part, For the

relali ve youth of the Laboratory's
_aafl' in the beginning. Most of us
were about 3(). Edward was 44, anct
there were a Few other elders like

i)uane Sewell and Gerry Johnson,
wh_ were Llbt)tll 34. Harold Brown
was 24.

Another special thing about
EastAvenueBorderingtheLivermoreLaboratory(1953).By thetimethe tivermore

Lawrence was his great credibility. It Laboratoryopenedin1952,Yorkhadworkedfor Lawrencefor nineyearsandwasfully
was thai, plus Edward's credibility as familiar withLawrence'sstyleof "managementby walkingaround,"frequentlyat nightand
well.lhatmade otlrmode ofoperatJcm onweekendsandholidays.
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and v,,c_._ent¢_¢rv_,vhel'c.I{y the linlc thai while nuclear _,v,,..'al_t'ulsv.,'crc asPe¢l_1"r_uclcarv,cal_ms im.'vilal'dy
a tnonltl hadn_llcd by, v,'c'd Im_t_ably ind,,.'cd;t s_llili_.ul,th¢.__,vul'¢al.,,,_!, _ivcs rise h_¢_mlratliclhm',,I)lzll
comPIclu'da frill circuit. The ncxi sinltlllancousl._ra su't'i_.msr_r_blu,tn, ¢t11111olbc fully tcnolvcd, so y()u hm,'c
_,isiI,_."tlMtIl'ianolllcr111112.II'.,vasa That's',,vhalIIII¢IIIIII"I)'SilVill_2IIIV IlllearnIIo_,Iolivewithlhcnl.These
pracliccIath_i_lcdI'r_JnErnest.As pcrsi_cctivcwas cxpandctl,andtothis intrinsicc_ntratIiclionsoccasi_maIIy
hm_ asIwas I)irccmr,Ivisitedevery day IslillI_k alitlhalway.Nuclear producedI_Iit'icslhalwcrcillsonl¢
cort_crofIllcl,aboralorytidallylinlCS _,,Cal_Ons;irea xoluli_mt_onesolof way wron_ butc_llcclivclywere
e_cryyear.Ieni_Lvedit,andIhopeit difficullprol_lerns,buItheyare designedtocopewiththeIolal
_,,asa netbeNel'ittoeverybody, inlrinsicallya problemin themselves, probleI_.From my l_erspeclive,every
IIcl'tthcl,al_ramryattheendof l:orlunalcly,inmy ol_inion,every presidenteventually_otitriglll,arid

1957becauseoI'Spulnik,thefirst Presidentoi"thetIniledSlateshas that'swhy we'reslillheretoday.
RussiailarliI'icialsalcllilc.The llnilcd seenitthalway,too,TrLIIIIIIII. Illsum,thesearchfornoluti(msto
,_lalcshadn'tlaur_chcd_mcyet,and Eiscnl'_ovver,up lhroug,l_Rea_,'m-all ourllll_l,_t2V¢I'CslI_H'I-LCl'lll

soilcantleasanothertnrq'_leasant havesharedthatview.Butthatdual problem-thalis,how todealwith
surl_rise.As a result,scientificand ............................................
advisoryfunctionswcrcbcin_
slrcn_thcncdillWashin_t_m,IWCnl
,,II"tt,j,,inthat activity,firs!asa Herbert F. York:

The Mysterious Mr. LivermoreAdvisoryCommitteeandthenas
ChiefScientistofARPA IAdvanced

Research Projects A_ency I and later Ernest O. Lawrence had a genius for finding brilliant young
a_ thel'irsII)I)R&E ll)irectorof scientists while they were still unknown. Such was the case in 1952

l)c!cnsc Research and Enginccringl. when he asked Herbert F. York to run the new Livermore Laboratory.
Mo_t of >'_u knt_w that the first three At that time, York was 30, having earned his Ph.D. only three years

) ,., earlier at UC Berkeley.illl i)R&E s were myscll', Harold
Bi'o_vn, aild J_hriFoster. in the same York guided Livermore through its early years. He faced two
scqucncc in which wc were I)ircctors challenges simultaneously-planning the Laboratory's technical
at Livcrm_rc. Thai wasn'la program and recruiting its staff. After consultations with scientists at
coinciticncc. Berkeley and around the country, he settled on a technical program

with four elements: controlled thermonuclear fusion, diagnostic

Dealing with Duality weapons experiments for both Livermore and Los Alamos, the design
of thermonuclear weapons, and basic physics. Much of the staff was
recruited from UC Berkeley. York vigorously promoted both peaceful50111¢porkpie, knoxvin_ my stron,_

interest in arms control, haveasked and military uses of a_omic energy; the development of the Polaris
mc when I chan,_cd my mind ablaut warheads began under hirn, as did the controlled fusion program.
nuclear weapons. ! haven't always During York's years as Director, the Livermore Laboratory grew f,,.,m

a hundred or so employees to about 3000.expressed my posititm accurately or
sensibly, but my usual answer when York left Livermore in 1958 to become Director of the Advanced
I'm thinkin_uright i_ that 1didn't. Research Projects Division of the Institute of Defense Analysis. He

later became the first Director of Defense Research and EngineeringWhat hal_Pcncd t_)mc in Washingl_m
was that ! expanded my point _l' for the Department of Defense. He held that position until 1961, when
view. I didn't change it. he returned to teaching and the academic world at the University of

Bcl'orc gtfing to Washington. ! California at San Diego. At UC San Diego, York served as Chancellor
until 1964, and later as Dean of Graduate Studies. He also served as abclic\cd that nuclear wcap_ms were a

s_lttti_m to an extremely difficult member of the President's Science Advisory Committee and as a
prt_hle_n-thc intcrnati_mal situation I member of several arms-control and test-ban treaty delegations. In later
dc.,,cribcd earlier. Al'tcr i'd bcc_ in years, York was the Director of the institute for Global Conflict and

Washington and had a t:lltLlaccIo talk Cooperation; he is now a Professor and Director Emeritus of the
with President Eiscnhowcr, James Institute.
K illitlnIEiscnhowci"s science
advixcrl, and others, ! came to realize
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talked al'_ult at all rio,,,,, the c_meern is uni_,ersities. 'l'here's plenty t_l" us Iiave suid lhill the lal'uu'allwies
;.llu,;.lys lhe problt.,llls Ihe._ vciil ert.'_.lle de111;llltltIlll Ihere. I)esl_jlt.' I')r_jet'lt.'tl sjlllply th_ll'l tllltlt'rslalltl Ihe
if s_ullehoti._else gels theln rather IoIlg-let'lll dt.,¢lines in tile tlel't.'llse dilTeretlee belwe,t,tl push atld pull
than lilt., edge xse'll he able Io _ain I_tltlgt.'t, many pe_ple expecl I'undin B wilh I'espt.'cl to et'_nlIllerciul demand
l'r_un II_lvin_ then1otlrsel_ es. I'_,_t'defense research and and Iccllnology stlptfly. AntI y_tl've

developnlenl to remain essentially _ol to in _u'dt.,rIo survive in this nt.'w
Carving lip ihe VVeal}ons t.'tulstanl, Thus, lhe demand I'_r high w_wltt.
Progrlllil leehnolog) ill lilt.' inlel'eSl of St)lllt.'Olle else has _ff_sel'vt.'tlthai

AIIlei'iea's natitulal security is gt)inL_ Ihe lah_u'alt_ries think eft"nl;.trkelitl_
Wllat impact will these changes to continue, hut tile ctmlpetition will technology ;Is 1| SOFt OI' hie chuck-

llano Oll tile weapt)ns lahol'att)ries? I he Illtlc'h illOl'e seve1"_:. W_|g011 breakl'ast. You go c,Jtltlllel'e
think a core pl'O_lqllll related to I'd like to see people here at tile and lay it all out, then yt)tn ring a bell
nLt¢lear weapons will centilitre at hoth I.ahoratory get illtlell tllt'tl',: directly and shout, "('Ollle and gel it!" That
labt)raltwies-l.os Aiarnos ;end engaged in thai ¢oml_etili_ul. I'll give won'i work either, heeause tie rnnller
l.i_,ernlore. It will be ;.LI3t)uttile s;.|nle ;l lrivi;LI ex:lrnple oF wh;al I Ille_.|ll how delicious lhe goodies I,,-_ok,you
size at bt)lll laboratories hut snlaller from rny own experietlee, In 1943, ! aretl'l going gel ellough ettstomers
than il is today, I ttlink the l_,os arrived in Berkeley wilh a fresh jusl by rillginB a bib bell,
Alamt_s program will be a dowllsized Ill;.Islel"s degree in physics. While I So gel busy.
',ersion uf what they have now: an w,'ts working t_tl the ('alutron projeel
_lCl'OSs-lJle-ho_.ll'd pl'Oglq.llll ill I1LiCJe_.ll" I've illelllJOlled, etlstodJans Seellletl to .......................................................................................................................................................

v,,'eapons and nuclear weapons be ill sllol'l sul)ply, so I did tt IoI
te¢llnolt_gv ,,.vithresporlsihility for sweepitlg up, erie day, I was told It) l,'orfurlher information ¢Olllat'l" ' " Herbert F, )5_rk, ln.s'lilule./br Global
the ctlrrent _.lndl'tttttre stockpile, paint ;in etluipnlent 1"tickthai needed Conflict and Cooperation, San Diego,

The l'uture Livermore p1"o_1'_.1111,ill painling. 1 started lo think: "What is Cal_lbrnia (619)534-3,_57.
my opinion, might well 13edifferent this? I've gt_t a master's degree ill
From the l_os Alamos program. One physics, worked hard, learned all this
component will be tile inertial- sluff, and here 1 am painlin_ some
confinenlent l'usitm i)l't_l'L|lll, furniture."
hopel'ully in the l'orm of a S_ I went to Frank ()ppenlaeimer,
micr_fl'usion labtu'atory. Another who was fortunately a generous and
possible element will coni_in kindly person, ;.llld described tlly
intelliuence, nonprolil'eration I'rustratitm. "Isn't there sonlelhinL2 1
activities, and dismantlement efforts, sht_uld be doin_ II1;11nl:ikes greater

Focused mainly but n_t exclusively else of nly talenlts?'" ! asked him. He
on nuclear weapons. Another Iot_ked ut me and asked, "What tlt_

colllpollelll will ;,ldtlress yt_tt want to tie'?" ! realized ! hadn't
environlnental health Zllld sal'ety the I'og_iest idea. By tile next
pr_ff_lems related to past abuses morning, ! was resolved I wt_ttld
elsewhere ill the nuclear weapons never a_ain gel myself into ;i
px'ogrann. Those efforts will be situation where 1 didn't know what I
supp_wted by a theoretical and wanted to be tl_fing tile next tl_.ly.
colnputational group that will Now, a lot of you are pr_)hably
maintain a Full underslancling (_1all aren't sure ah_>tll whal .y_tt're Utfing
tile physics of nuclear weap_)ns. Io be doing t(_111()l'l'OW.! have SOllle

suggestitms. First, tl_n'l rely t)n tile
How to Avoid Painting leadership, either here _u' in
Furniture Wanllin_t_m, to I'igtlre it all _)ul for

y()Ll, l!iveryb_dy needs It) gel involved
With respect It)the ()tiler in this process. Set,intl. start on the

tecllnt)lo_ies developed at i,ivernl_)re, demll_llldside. What are lhe prt)blenls,
tile i_ab_ralt)ry will he COlllpeling and what nlight Iile st)lutiotlS be'?
with ht_lll industry and the Pet)pie who are otherwise i'riendly to



COG:
A .New, High-Resolution

Code for Modeling
Radiation Transport

The new COG code is simple enough w be run on a
desktop workstation and yet is more accurate and

versatile than older radiation-transport codes that were
written.for tile big mainframe computers. COG has a

variety of industrial applications and will soon be
released into the public domain.

T tttiRl:, are many situations in reactor, for example-the geometry Boltzmann, after whom they arewhich scientists or engineers (that is, the arrangement of materials named. The Boltzmann equation I'or
need t_ know how penetrating inside the reactor) inquite complex, the transport o1'particles such as
radiation, such as neutrons and Although experiments can he set up neutrons in a conserwttion equation in
gamma rays, interacts with matter, to measure shielding effectiveness, a six-dimensional phase space.
Designing the shielding t'or a nuclear for example, a faster and much less Except in the simplest o1"cases, this
reactor, ensuring that shipping and costly approach in tocompute the in a very ditTicult equation to solve
storage containers For radioactive transmission of radiation through the exactly. For realistic problems,
wastesare safe, computing the shielding with a radiation-transport tilerel'ore, scientists must resort either
criticality of an assemblyof fissile code. Of course, the wdue o1'such to numerical solutions of the
material, evaluating thedesign of a simulations dependson their equation (the discrete ordinates
charged-parlicle accelerator-all accuracy, method) or to particle-by-particle
require accurate and reliable The basic equations of radiation simulation ot' the entire tranSl3ort
kn_wledge _1"how radiation in tl'tlnsporl were first written down process (the Monte Carlo method).
transported through the various more than a hundred years ago by the The discrete ordinates method
materials. In many cases-in a German physicist Ludwig offers rapid solutions to problems of
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limited cOml'flexil,yand re_ei.lt'chel'S_il I.I.NI. _mdelsewhere, in the 1_7()s, ,.,ciel|tist.s,_'_rkedto
dinlen_ionalil,),,hillil,c_.ulri_l, lh_wever,heellu,,el,he),v,'ere ifici'e_i_elhe(lU_UlliI)'ilm.ltluliliI)'oI"
;lecural,el):hlmdlecomplexthree- developedI'_rolder,_I_werc_miiml,et'sdia_nmlictlat;.iohtairledperle,xl,Ina
tlirnen,,hm_il_c,:mel,i'ies.Tl'leM_mle withrel_.itivel):srri_illI'rlerrmries,l,hese typi¢_lll,esI,nldi_tlionl'rcull_It'i
('arh_meIl'i_d,when Im_l'_erlx e_desli_idIoe_m_i_I'omisebetween exlfl_tlirl_ nucleiirdeviceisviewed
lq_plied,;.isin('()G,isCal_.lhleoI _,_'_(_.Il'_hysics_uldthel_I'ilClie;._lneedto lht'ou_zliman),lines,',I"siBlll
.,,olvin__u_yradial,iori-l,n,_.Sl_rl _ulve _Ii)rohlem in _lre_i_m_lbleleng.lh (evilCtl_lledsleel pipes) by tleleel_)l'S
pr(_hlemI,()_t)ydesiredde_zree()i ()I"tJi11e,As Itresult,inosl,oI"l,ilee_irlierillt)tlnl,edin_idi_Lznml,iccanisterth_|t
;._ceur_.Ic_',hein_limitedorllX bythe t'i|diIil,Jon-tt'llt1_l'_orl,code__ul'ferl'I'otn isSUSl'_ended_.fl_ovell'ledevice
arn_unt ot'c_m_puterl,irne_.miil_lhle seriou_ in_eeun_eies_,_t"_,_lllert'h._ws (l"i_tire i), '1'om,'oid le_.lka_e_fl'
l'ormlul,jon, l,hlitlinlil,l,lieJrtisel'tilness. I'[Idjlil,i_ml,i1¢Itc_mh.liriwilJd_.ii,el,hetest

Since re_fli_li¢l'_rohlem.sare results, the line-_l'-_ighl pipe_ illtl.Sl,
l,ypically sirnul_ltedby lens of ]'he Genesis or co(; he shielded I'rolll _lle _moiller,
ttmusar_dsto millions o1'p_lrl,icle.s,lhe l,ypic.'_illywil,h iron or leadsl_e_.illdrlL.t.
useo1"a hi_h-speed conll_Ul.er is The primlit'y iml_etu._m deveh_p,'1 Mull,il')lied by _lhirge nurnl_erof' lines
essenl,i_flin _lrriving _ll,_ n'eli_lhle more aeeun_leradi_ti()n-tnu_nporl o1"._ighl,,thecumtih_l,iveweighl _1"this
answer in _1reas(mahlelime (_II'ew code c_lmeI'rom the l_bonltory's shieldin_ could quickly m_ke the
hours to _iI'ewd_ys). Over theye_it',_, underground nueleilr l,eslingprogri|nl, hlrb,e di_lgnosticc_misler!toohe_vy
_ nun_bero1'Monle C_irlo r_dial,ion- As l,henumber oI' nuclear Iesl,,,_ l'_r the chine Ih_llmusl I,wer il, inl,o
!l'ilnsp()rl, codesh_ve been writl,en by conducted eachye_r begumto decline tile Iesl,Imle.

Figure 1. COG model of a typical
diagnostics canister for an underground
nuclear test. (Many structural parts of the
canister have been removed to show the

experimental setup.) Detectors located in
the orange and yellow boxes are aligned to
view directly, through line-of-sight steel
pipes, radiation sources lying below the
white bulkhead. A major Issue in designing
the experiments Is to keep the detectors
free of radiation that scatters into them

from neighboring collimators and pipes,
creating unwanted backgrounds. To ensure
the return of high-quality data, we
developed COG to calculate the shielding
for these complex experiments.

l0
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"!'_ ¢slitmlle _,Lccutulel) the sl_iiintieJ.IIlmt'hahililies. C'()(i uses the inler_t¢liotl Pr_,,:essas _.lecut'_llel._;rod
mininILllrl sllieMiIi_ required, _',e M_ille ('_tt'lq,'Jill,,.'lhod, _lh'_li_- ¢_mIpielel.v _is pL_ssil_le.We thereh),
needed a ratli_11iori-lrunsl_q.'_rtc_.'Jtlethal esl_4blisl'Icd c_m11_ul_.ili_.mallecl'Inique eliminate lhe imlceurueies ,_I'earlier
w;ls I_,,._lhllil_l'e i.lu'u'ut'illeIIl_tll its 111_.11Uses rillldOIll I1llllillL'rs IO sirntslute e_._des,which ttsetl il_,ei'a_ed dillIl I(_

Predccess_r,, _llld aIsle Io I'u.mdlethe l lllerll_.llivk' oulc_'_lllu's_t' l,li)'si_'_l s_l_,esl_l',II_e sPaCemid c_}llll,tll_.lli_I1
¢_',ml_lex_eolllelries el'ellled b_ the trellis (see the t_x oll F). 12). tiIll¢,
InulliPle lines of si_hl, '1'o dval Ill simul,_ilin_ the pussu_e of a • Ils radi_,tti_,ll-il'unsl_rl Pll_'sics
el'l'eclivelv ,,,',ilh such I'u'_blerns, llle Ileulu'_mlhr,,_tl_ll _.1I,,.'_zdsllield, l'or l'_zu,k_lBu,tines tl_ ai_l'_l'_xilll_.ltioll.',,I:_1'
c_tle v,ould ha,,e l_'_exploit the P_v,'er examPh.', ('()el First assigns tile insl_.ul¢¢, it uses expect_ln_ult.lr
_t' I11odern, I'_i,gh-sPeed¢o1111)Lllers P_.u'li¢le's initial ellel'B_ _lnddil'eclkm s¢lllle!'ill_ dislril')l.lli_ils instei|d _,1111¢
v,,hile reclil'._ in_zIhe Pll_'siu's ,and lllen c_.lh,'tllalesIhe Parlicle's _.ll')l_l'_xinl_.ltin_ I'ils used in _111¢1"
¢on_l'_v'_misesoI" e_._rlier¢otles, In a II'iijeu'lor.V tlm_ugh the nmlerial. A codes. In this v,,'a),,('()(i re_Jlizes vhe
v, llimsical nl()nlent, Ihe I1e9<CoLIcwLIs s;unt'_ling I'_rocedut'elulls ('()(i tile _.l¢_.'lll'Llk.'y_.mdI'esoltlli_._nhenel'ils o1'
haplized ('()(i. ('l'he urlahrid_ed average tlist;.ince the vlellll'_n ll'ilvels the l'_iillwise cross-secli_._tldi.ll_.li_)'
()xl'_,rd i:.n_lisl'_ l)iclionarv tells us llir_,m_h file silieldin_ rn_._leri_.d(e,_., l_reservin_ _._ccui'_.ic.y_il ever.,,,slep in
llml it] Sh_kesl_eare'.', lisle, the verh le_id) l_el'_,_reitllet'aclil_B wilh one _I' the lr_msp_._l'll'_nwess.
"to cog" was l.cmdon slreel sl_mg for its k.'_)llslilLlelll nuclei. For e_teh • C()Ci is riell in tecllniques For
thepractice_i"n_anil_uh_lingtheroll inter_.i¢li_mevent,C()(!thenc_msLIlts reducingtileuneert_lintiesin

_1"_tpair _1"dice, Sivlce COG relies _ dat_b_lse tll_.tl¢ont_.tinstile ¢oml'_uted s_luti_,ms. A distin_uistlii_
hem.'il>' _t) llle M_.)lil¢ ('arlc_ n_etll()d, _L probabilities oI' allern,1.llive oLIII,.'I)IIIL"s l'ei.llLlreof' deel_-penctrl.itiOll l_rob',¢iilS
c_mipUlali_mal technique inv_flvin_ and applies tllc Monte Carlo rnethc,d (i.e,, those involvit1_ thick levers _'_I'
l'_r_hahililies,then_mlewas to_issi_,tla p_u'liet|hir_._LllCotl1¢-thatshieldil_g),which COG w_Isexpresslx

c_msitleredapt.) is,whether tilelletltl'_lllins¢_Ittel'ed, designedtosolve,inthI.iIp_u'ticles

After five xe_.Irst_,l"deveh_imlenl, rel'lecled, ahs_.wbed,and s_ on. This ernilted l'i'om tile source must Ir_.tvel
('O(] l_eg_Lnrunning _il tile process in repe_._teduntil tile p_.Irti¢le tllr_Ligh llli.li!y nle_.in-l'ree-13_.iths_._I'
l.;._h_walorv's p_weri'ul ('ra)' escapes, in ahs_._rbec.l,or otherwise shielding, tll_._teri_.llhcf'ore the), rea_.'h
c_Unl_ulers in the slid-I9_I()s, I The disappears lroni the c_m11_ut_.Iticm,The reBioils where the l_Irticle l'lux in to
¢otle is _,rillen in tg_rll'i_n, the result isa u'Onll_leiehistory of the he eslilnLlled, In a straighll'ol'w_ird
standardscienlil'icprogr_mlming neutron'stra,ject_r),lllatinI,lcetin'I.ite_ttl_tl_gsimu!_tionofparticle

language since file eat'lX daxs _1" wilhin tile limits _1'll_e d_mlhase used, Ir_Ljectt_ries,I_erh_ps onlx _nle p_u'ticie
COml_utin_. Taking advanla_.e _1"the C'()Ci makes this kind o1"simul_li_n in ten llloUSmld I'e_tchesa re_ion o1'
hi_2hspeeds and large memories oF lor every one o1' the pa_tieles in the intel'est, The code must lherel'ore
nile)dee'scomputers,('C)(]isl'reeoI' problem....which can tlunlhernlan_ simulatetl'netr_Lject()ries()I"nil.my

tl_e l'_ll)'sics aPl'w_xin_;.ilions nnilli_,mso1"neutrtms and/or phaetons- millions ol' particles l_ ohlaill a
Iraditionall)usedinradialkm- alldthenpoolsthe individualllislc_l'iesstatisticallysi_llil'icatlt_.tIisweI',In
iransl_rtcalculations.Intlesi_2nin_ toarriveat_c_llecliveresull,l:ortile some realease_,theI.|I11Otltllof

('()(i, we selected the hesl l'eaiures _I' lead-shieldin_ problem, the result in cotnl_tiler linle reqtlired to generale _|
earlier _.'_tlesand inc_rp_r_lted the the expected I'lux of Iletltl'OllS and signil'ieant answer extends to weeks,
rn_sl advanced alg_rilhrns avail_.lble I'_l_._t_,msthat penelrales the shi,..'ld, nlaking such c;._lcuh.ili_msinl'e:!sihle.
Lode\'. ('()(;ol'l'el'sLinunlber oI" CO(] eilil:)loysseverI.iIuneerl_,|inl)'-

in_provemenlsoveritsI_t'edecessors: reducin_techniques,holhsinlpleand

Traekin_ Prrth:leswith CO(I • Itusespointwisephxsicsd_tato s_phislic_ted,lhalenableus tosolve
elinIin_tetheerrorsoI'earlier¢_des, thc.,,¢problemswilhnl_mXlimes

(,()(i was devel_ped to answer which use _2rc_up-aver_geddata, All fewer source particles _u_dIhus t_
guesti_ms ah_ul how neLiLr_msand Ihe nunlerical inl'ornlalion Illat olmdn more precise answers in
phottms(g_tmmaraysaildx H>'s) descrihes_tp_u'ticle'sinteractionwilh shorterct_mputerruns,

ivlter_.ictwithnII.iLteri.lstheX l'_ss mailer(the¢l'OSs-secliondala)in • ('()Gincludesuser-l'riendlX code

thr_u_hc_mpIex _.e_m_elries."I'_tlo pr_vitledto('()GaltheIIighesl inputsand pr_hlem-dehu_gin_aids,

this,('()(isinlulalesmuIliple aceur_cXand t'esolulkm_v_lilahle, I:orexample,toaidtheuserin

neLitnm-l_h_t_minleraclionson both These d_ttafilesareconsequentl_, veril'xin_thecorrectnessoF his
the uremic and nucle_tr levels, An very large (I 5 nleL2ahytes I't>l" I-wt_hlenl selUlX ('()(i eaFIL2enerale
such l_n'_cessesare _verned hv netltr_ms) hut enable us t_ inotlel the views _I' Ille geolnelry, _l'l'ering holh

II



The Monte Carlo Method

A Me,Is Carlo simulatinn can be applied to any randy)m-walk conditio, (r_:ilL,tles an e.tt_y ctihffl, for
stepwt,_eprocessIbr which the probability exanq'de).
distrihuti_)nsfor continuing, terminating, or otherw!se 6, Steps2 through ._are repealed t'_w_'achsecondary
modifying the processare known at every step.The particle until the secondary-partic!ehank is exhausted.
COG database contains experimentally obtained It'at any time, along its at'ten tortuou_ ,rod
quantities, known as cross sections, that determine the cons oltited path, a particle interacl_ with t_user-defined
prohahility ol'a particle interactinblwith the medium detector, the detector is credited with an H_propriate
through which it is transported, Every cross section is score, After COG has rtm perhaps million_ o1'source
peculiar to the type and energy of the incident particle particles, Ihe a,swer io the problem is,just the averaged
and to the kind of interaction it undergoes, Hence, score l'oreach type el' particle at each detector.
there are many different tYl_S of cross sections, These COG uses either of two cross-section databases, One
partial cross sections are summed to form the total is LLNL's Evaluated Nuclear Data Library (ENi)L-90),
cross section; the ratio ot' the partial cross section to and the other is the Evaluated Nuclear Data File
the total cross section gives the probability of this (ENDF/B.V), The accuracy of a caiculatiun in COG is
particular interaction occurring, The database also limited (Jnly hy the accuracy of the data it uses. As
contains experimentally obtained quantities that may cross-section accuracies improve, they can be easily
be sampled to determine the properties (energy, incorporated into COG's database,
direction, at_ _o on) of the scattered or secondary
particles.

To solve the Bohzmann radiation-h at_sport
equation, COG uses the Monte Carlo method as
described in the following procedure,

l. Particles are "born" at a source (see figure) with
a set of parameters that are determined by randomly
sampling the user-provided source descriptions, These
parameters include energy, position, direction, age,
statistical weight, and particle type (neutron or
photon).

2, COG uses the total cross section to determine the

average distance a particle will travel before
interacting with the medium, From the source, the
particle is tracked in a straight line through the
medium until it either escapes the geometry or
collides,

3. When a collision occurs, COG samples the cross
sections to determine in which isotope or element the
reaction occurred and the type of interaction (elastic
scattering, fission, gamma-ray production, Campion
scattering, electron-positron pair production, and
st)on). AparticleiebornattheimuroeendIstraokedbyCOOuntilIt

4, COG then samples the reaction properties to aollldelwithanotherparticle(Inmedium1), oreatlnga i_ondl_
determine the parametersot' thescatteredparticle and partials (dalhed line).Theoriginal plrtlole Inl_atterldandleagaintraekKIuntilItoollldeaagain(InmiKIlum2),orNtlng
of an), secondary particles. Parameters of secondary anotherto¢ondary pertlolt. TheeoatteraKIptrt!ale !l trnokld
particles are banked for later use, untilItesonpos,andeeohl_ondlry letrackedinturn.Inthis

5, The program repeats steps2 through 4 until lhe example,thefirstNoondaryplrtloleoollldoa(inmedium1)and
particle escapes, is absorbed, or is terminated by some thenescapes,whiletheteoondlimply IIQIpll.

I?
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arc encased i_stainless stec'l,in order called tile l-ti_h-l_ner,_yGanlrna-I_,ay and composition as well as oil the
to model this complex assembly, we Sl_eclrolllelel', consisted of a large detailed [2C()lllCll'y ()I'the irradiati_m
had Io specify 45 surl'acesIo C()G. 28-cm by 3()-cm Nai cryslal encased conditions. C()G enabled us to model
_v\'jI]l('_l.l| ('()G'S LINIT I'C_.III.II'C, which in a Plastic anticoinciclcnce shield of the shieldin._as well aslhc deleclor

allows tls to specify iclenlical boron-carbon 4()8. Addilional ilselt'.
subasst.'mblicssuch as the fuel pellet shielding was Provided by lead, B4C
mt_dules jLISI OI1CC, we would have resin, and borated (5t_)resin. The Rocket Motor Probe
had to specify illOl'Cthan 13() detector is unicluC inasmuch as the In another application, we used
surl'aces, crystal ;ind its shieldin_ form a single COG to simulate a gamma-ray source

unit that may be rotated around the designed to probe the interior of a
I)etector Modeling beam lin0. solid-I'uel rocket motor, hcl'ore and

C()G was also used to simulate the COG used the model shown in during burn. lo cletcc! mechanical
l'¢spOllsC O[";.Ilal'_esodium iodide Figure 4 to coFnl'_uleI1CLi[I'OI1 flaws or arlotllal_Ltsbum behavior.
¢Nal) delector designed Io measure trt|llsporl and pholon production in
lolal _tlIlllllLI-I'LIyCllel'_2yand ._.;.|lllllli.|- tile till'gets. We used tile ElCC[l'Oll- Clandestine Delivery Defense
ray atl_ular distributions produced by Gamma Shower code (EGS4) to COG has become an important
the reaction of I4-MeV sort/rims with compute ll'allspol'l of lhe photon 1¢)olwilhin lhe Clandesline Delivery
ct_pper-63 and plutonium-239 tar,gets, shower. The detector's response Defense Program, which seeks ways
The l.aboratory-develol_ed detector, function depends on its size, shape to delec! and interdict smuggling of

(a) (I))

Figure 3. (a)Cylindricalshippingcontainerdesignedtotransportradioactivefuel.(b)COGcalculationofgamma-rayshielding
effectivenessshowsenergeticgammarays(black)producedbythedecayof theplutoniumfuelpellet(yellow).TheyaretrackedbyCOGuntil
theyareabsorbedorescapethroughthestainless-steelshielding(blue).Forclarity,thefigureshowsthehigh-energygammaraysfromonly
onepellet.Ina completeCOGcalculation,millionsofsuchtrajectoriesaresimulatedtoproducea preciseestimateof theescapingflux.
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nuclear weuponsnmtcrialn into tile amount to 9()<,+o1 the total solution conlnlerciai CAD progranl allow,,.;the
l.jnited StrIfeS.By' simulating the time. To speedup this process,we user to create file indivMual parts o1'
charueteristic radiation signals wrote u Macirttosh l'wogrunl called the prol-_lemgeurnetry and assemble
emitted hy nuclear materials, C()G M;+tcCOGto check tile user's problem tllern it1a graphically itltuitive
curt he used to evaluate propused input hel'ore it is subrnitted for u l'ull manrler. The CAll) program preverits
cletection sclleines. COG run. MacCOG reads in tile tile accidental cwerlur_oF parts, a

user's COG input file, searches for prublem commonly encountered
Corttralmnd l)etection syntax and geornetricui errors, and when geometry is sel up the

Various agencies huve showrl pt'odllces diagnostic pictures o1"tile customary way. Wllen the user is
interest in ('()G's potential For problem's geometry, satisfied with the CAD assembly, tile
nlodelirl_ prOl_osed metllods o1"usin,g We have taken another major step CAD database is automatically
t'adiation to detect ¢onceuled high to greatly reduce tile labor and errors converted into ;t C()G geometry input
explosives, drugs, and other involve_l in setting up u geometric file. COG's ability tu time__l
cotltruhund. Analysis of the radiation model For input to COG. We curtnow commercial CAD program I'or
scatteredbV inspectedmaterials Can link COG to Pro/Engineer, u preparirlg three-dimensional
reveal distinctive atomic powerful computer-assisted design geometry input is unique among

s't, ' '" ' tr;lllsport codes.",t...rl,.ilttres. However, some recent (CAD) software package. This
scannin,g devices have been designed
witllout the benel'it o1':t complete ......................................................................................................................................
transport calculatitm. A recent C()G
study o1'a Iligh-energy rleutron
s.vstem l_roposed For scarlnirig airline
lu<,,,:_,,oshowed 111;.11tile perl'ormunce
eMillltites Itll" tile syMelll were overly

Ol+iimistic. Detailed COG
calcl.llalit)ns like this oneCttll
ac¢'l.iratel)' assess the perl'orlllance of

systems bel'ol'e eXpellSive httrdware ix
built rind ¢_+illnlininli/+e tile risk o1"

installing systems that prove

illadeclLiUteForthe.job.

Making COG Easy to Use

A crLlcial elelnent in radiation-
transport l-)i'_fl_lelnsis the I'idelity with
which tile input data reFIresenttile

t.(.)11IOLoften ctinlplex ' I "r ii'ations of

nlateriuls in the prtfl'llein. The
posititm ;tllcl orientation of stii'l'aces ill

tile prol_lein tire specified by I'ields ot"
IlLIIllbersill the COG inpul File, which

tile user IliUM supply For each SLIl'l'tiee, Figure 4, 0OG-generaled model of the Laboratory-developed High-i:nergy Gamma-Ray
Sl+ecilying Sul'l'tit.'esin this Spectrometer. The active element (red) is a sodium Iodide (Nal) crystal surrounded by an
I17alhenltttical ill_.lllllel" is always ;i anti-coincidence scintillator (pink) thai relectsneutron counts, the blue and tan materials
ditTicult, noriirltl.iitive, tlllcl error- are shields. COG computed the gamma rays produced when a neutron beam Irradiated a
pi'_+ilc prticedure, l:_l" moderately copper target (the black sphere at the left of the detector). We used the COG geometry

Cillllplcx <__eOllletl'ie_, the time ._l)ellt package and the EGS4 electron-gamma shower code to compute the resulting photon-

hy the usur _ettill_ Lip the geOlllCtl'it: electron cascades and the detector's response. Together, these codes provide a very

model accurately in ('()CI (_i" in any efficientmethodfor computing suchresponses.
{)tiler radi;iti{ill-trtinspt)rt code) can
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Future Developments COG will soon be released as
public-domain software, making it

A major planned enhancenlent to available to any user with tile
COG is the addition of electron requisite conlputational resources.
transport. Currently COG can As with most technological
calculate the production of secondary advances, COG is likely to be
electrons in a detector or target but applied to problems that its
cannot follow the subsequent electron developers never dreamed of. We are
trajectories, Knowledge ot' these pleased to be able to transfer this
trajectories would significantly LLNL-developed adwmced transport
enhance COG's ability to model technology to tile nation's criticality
accurately the response of radiation and shielding communities.

detectors and to localize precisely the
deposited energy or dose to a target. Key Words: I_,oll/mannequations; conlputer
However, tile addition of electron or,de--COO;, Monte Carlo. radiation tran._port,

transport is not a simple issue.
E]ectl'ons scatter nluch nlore References

frequently in matter than do ganlnla I.T.P. Wilcox.Jr.,andE. M.Lem,C()G-4
Particle"l'ransl_ortCodel)e_i_m'dtoSolvethe

rays or neutrons, and a collision-to-
Boll:lnallll li'qltalioll fi_r Ikeel_-Pellelraliott

collision transport step tk)r electrons (Shiehting) PrM_h'nts. Vol, h User M, mt.tl,

would cause the code to bog down I.LNLRept. M-221-1(1989),
inordinately, Instead, we will use a 2.T. P.Wilcox,Jr.,andE. M.Lent.C()G--A

condensed-history method, whereby Parti,.h,7"r,m.v,ort('ode I.h'signedtoSolvetit,,
each COG transport step Boltznumnl;'qmttionfor Ikeep-I'enetration(Shiehlitl;k,J Probh'm,s, Vol. 4: Benchmark

encompasses nlany electron Prol_h,ms,I.I.NI.I,',epLM-22I-4 (1989L
scatterings. This type of transport is 3.w. R.Nelson,H.Ilirayama,andD. W.O.
central to the well-known EGS Rogers,TheEGS4('odeSy,_tem,Stanford

electron transport code, 3 and we plan IAnearAcceleratorCenter,Nl;.|llfordUniversily,Stanford.CA.Repl.265
to adopt this model. _De_,_,,,,be,'i,)xs_.

Because of its greater efficiency
for many kinds of calculations,
parallel processing is likely to
dominate high-end computing by tile

end of the century. The iterative
nature of COG's operations n|akes
COG well-suited to parallelization.
Using the same problem geometry,
the same radiation sources, and the
same radiation detectors, COG could,

for example, simultaneously run ten
different particle trajectories on ten

processors, speeding up the overall For further injormation contact
calculation by-in this case-a factor Richard Buck (510) 422-6421 or
of ten, Edward Lent (510) 422.6741.
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Abstracts Herbert F. York: The I,egacy of E. O. Lawrence and the Role of the
Laboratory in the Future

Herbert York was tile first Director of tile l,aboratory, serving t'rom 1952
tllrougla 1957. He guided the Laboratory through its early years and was
instrumental in recruiting much o1' its staff and planning the its technical
19rograrll.Tile developFilerlt of the Polaris warheads began dtlrirlg York's
directtwship, as did the controlled fusion program. During his years its
Director, tlle Liverm_wc Laboratory grew from a hundred or so employees to
about 3()(){).York left Livermore al the end of 1957 to becortle the Director of

the Advanced Research Projects Division of the Institute of Defense Analysis.
As part of the Lab_ratory's 40th anriiversary observances Iield in tlie fall of

1992, York was invited to lecture on his years tit Livermorc and his views of
the changing world and the role of the Laboratory in the l'tittlre. He recalled the
world situation when the Livermore Laboratory was founded and reminisced
about the legacy of E. O. Lawrence. He also expounded on the dual aspect of
nuclear weapons-that although they are a solution to one set of problems,
Ihey arc also intrinsically a problem in Ihemselves. York also commented on
the problems of nuclear proliferation, especially now Ihat the U.S.-Soviet
Cold War has ended. In his view, there is no international problem that the
large nuclear powers (China, the United States, and the former Soviet Union)
catlrlot solve better b>,using smart conventional weapons. But that isri't true
For some other states specifically Israel and Pakistan. York cautioned that ten
years from now. !_,tsic nuclear wcapons policy may 11olbc made in
Washingtc>l_.,Moscow, or Beijirlg but rather in places like Jerusalem or
Baghdad. York ended his talk with some sug,gestions for the Laboratory and its
r_le in the years to come. He urged the Laboratory tO identify the problems
t'acing the country and to find possible solutions, to develop an understanding
of the difference between push and pull with respect to technology demand
and technology supply, and to "get busy."
('.hlact: Ilerber! 1.'.York, Institute I'_JrGlobal C_mfllc! and ('ooperalion, ,",;anDiego, ('ali|'ornia
I6191 534-3357.

COG: A New, High-Resolution Code for Modeling Radiation
Transport

C'()G is a new Monte ('til'lo lacutroi_l/plaotontrtirlsport code that solves
ccmlplcx radiation shielding aild nuclear criticality problems, tJnlikc earlier
c_des, COG makes Ilo physics compromises and is ;is ace|irate ;is the
underlying elupirical database allows. It is simple enough to bc run on ;i
dcsktop wi)rkslatioil yet is more accurate and versatile lharl older radiation-
ti'alaspc)rlcodes written For big mainl'rallle conq�uters. CO(; has a variety (if
industrial applications and will so_m he released into the pul:_licdomain.
('tlnlllt'ls: Richard Buck 15101422-6421 or Edward I,en115101 422-6741.
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