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assumes any legal liability or responsibility for the accuracy, completeness, or use-
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that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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The Siatus of Low Dose Rate and Future of
High Dose Rate Cf-252 Brachytherapy

MarkI.Rivxd.de:G.“ﬁqzbidd,kademeveLPmllChlb&JmFonmnmi,
Rodger C. Martin, Robert R. McMahon, and Richard G. Haire

Abstract

Thismkdwmbatlncmmtmaftheus.lowdoscrate(LDR)Cf-ZSmec.hyﬂ)empypmgmm. The
eﬁmmdumkmmwwdsdwdopmmtofahighdmemﬂmk)moﬁywcmszso\rce,whichcan
ammmodatelmgar-gxu!erCf-ZSLmalsodesa'ibed. This HDR effort is a collaboration between Oak Ridge
National Laboratery (ORNL), commercial remote afterioader manufacturers, the Gershenson Radiation Oncology
Cemer(ROC),andWayncschnivusity. ToachievedxisgoaLsevemadvminisotopeaheuﬁsuyandmce
prepuaﬁonstORNLmntbeaﬁzievedmyiddnspeciﬂcmatnidmlmdingofz 1 mg Cf-252 per mm’.
Developmmtworkwithbothmdioscﬁve and non-radioactive stand-ins for C£-252 have indicated the feasibility of
fabricating such sources. Mamgmemm-&mmmmmuedmpmtwm
pamitadcﬁtianal'siws(e.g,bmmmm.hm&puvﬁim)wbeuuwdeﬁedivdywithcfdﬁ SOUTces.

Addiﬁonﬂ_wmkﬂ&cRMmﬁalEng’neahgudDwdopmthmm(RmC)mhm ,
fabrication, sfteribader modification, and safe design- The current LDR C£-252 Treatment Suite at the ROC is shielded

Wiamﬁzmkmsaﬂwmmdmmwmmmmm
times from ~ 3 hours to an expected range of 3 to 15 minutes. Such a Cf-252 HDR source will also demonstrate

i ,dm&mammmmmmmmmﬂmﬁqmwpmepom&emmmu@m
the target volume and weight the dwell time accordingly. Preliminary Monte Carlo stadies of HDR Cf-252 peutron dose
distibuﬁmshmﬂmbwamisoﬁopythmanmmk-lﬂofkknﬁcaldinmﬂon& Thus, photon and ncutron
bnehy&aapymayﬁnaﬂybecomp_ledﬁrlhcﬁrstﬁminthel-mkregime. Finally, additional modalitics such as
nanmncapun'etherapymybepofa'bleg’mmcinqeuedneunmﬂlmwithrmedtoeﬁminaﬁonmofcment

capture agent drugs. '
1. INTRODUCTION TO Cf-252

m,'sso,meam@ﬁﬁrnim(a)mmmnmemeycmummmcmma
thtonghbmnbmmufheﬁumnncldmaCm-%zwgu[l]. While the product was identified as Cf-24, Cf-252
was not created until the MIKE thermonpclear test in 1952 [2]. However, macroscopic amounts of Cf-252 were first
made in 1958 st the Idsho National Engineering mm@memnmmbyam-zwwm
anr,ala:ge-scaleem'nwasmdauhmbythestmahRivahquy(SRL)mevdumthcmuketpomﬁdof
Cf-ZSZasueompwtandlouglivedmofnam “fhilewaasdimoveedintberannmuofexuagalacgic
supamvaacplodmtheﬁrstsnleofmgqumﬁﬁesoccmtedinl97-1foractivaﬁonamlysesonspecimensmievcd
from the moon [3]. Thrm@ﬁxegmonsdonaﬁonsbytheU.S.DepmenxofEnqu(DoE),vaxiouslabshavcbwn
abletoacmnﬁdydminethebalf-lifc,neukmmdphotc@ mgyspmMchaniedpmpaﬁesofo-ZSZ. Since
1973, most of the Cf-252 supplyforthewest:nwoﬂdhasbempmdwedathkRidgeNaﬁomlstm‘auny(ORNL)in
memghmmmmmmmnmewmwmmgmmmmm

Due to its high yield of neutron emissions and relatively long half-life (2.645 years), Cf-252 is the most useful
seutran emitter out of gl the ~ 3000 radiomuclides [5]. Though Md-260 and C£-254 bave higher rates of spontaneous
ﬁsdmmmmmmuedmﬁem,mdrhﬁ-ﬁmmpmmtiﬁvdmeﬁthgmwstcpsfor
medical source fabrication. Though Cf-252 mainly decays (96.9°/o)tlnwghalphnuniﬁonmCm-248 relcasing He gas,
3.1 % of C£ 252 decays arc by sponteneous fission. Through this decay channel, 3.768 neutrons per fiasion are relcased
foratotalnﬂm'on'yieldofz.3l434x‘lO“Mmspctgmn-seoond.andsWanﬁsdonne\mmmgspecn'mnwiths
most probable neutron energy of 0.7 MeV. Though this energy regime is similar to that from 3 nuclear reacwr, Cf-252
ily shieldable neuumsu\meforbothresearchandclinical applications.
C£-252 was first suggested for clinical applications by Schlea and Stoddard in 1965 [6]. To explare this
oppommity.manuaﬂyaﬁeﬂoadcdmmfabﬁca:edstSRL,mddsigmdsimilaﬂytothepopdaﬂyusedmdimn
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needles of the time. Smmwﬁm.mmnmhmbmmdmﬂyfmmﬁymhmeﬁeld
of radiation therapy [5)- TbeATmeegmyhnsaCf-stwﬁvelensthofISmm,isdwblyemapmnmdm
Pt-10 wi% Ir tubes, is 23 mm long, sod 2.8 mm dismcter. Asonlyll%ofo-ZSZcbcayspmdwene\mns,mdalmoa
mmmwm%mga@mmmmwmdmmgh(m«
Becquerel) is made. hWWMWC&Z&mm@hhmﬂhm@gwug)ofo-252
present. m:dmhmmdmnwmmmmSS%mme-252wherethe
radiqlogieelhnpaﬁofo-zwﬂwugth-ﬁIistypiuﬂyncgligblefortheappﬁuﬁ.onathmd.

2. BACKGROUND

AttheROC,tbemrunmndmnbdhgthatisﬁcaadf«ATtypecﬁzszmis%u; Asof
15, lm,thqemmlvemoﬁpgesd:.mdmwm(% ug each) are expected before February
1998. Thusdoscmcmayvuymmm&nabmgcﬁomwmimmmmthmbom Treatment
plmﬁngisanmﬂypafmmedwithMPvaS.Omdemﬁmndﬂnmghhandcdaﬂm In Michigan, Drs. Jim
FMMPMMMMMMMmmmdMMMWMW;
pmmbeddoeshsvemgedﬁom4w9N-GyuﬁthlN-Gyﬁacﬁmdcﬁvuedeic‘eaday. Though patients have been
treated at the ROC with Cf-252 for just two years, Drs. Yosh Maruyama and Jacek Wierzbicki have treated over 1000
paﬁmlxatmeUniversityometmkybefmemingtoMchigminl%l To our knowledge, these clinics have been
themlyplacsinthewestanwoﬂdinwhiehneumnbrmhythmpywaswdhble.
~lnsAmecnloanﬁuntheU.S.DoE,aoostmalyﬁsofapmposedCf-2$2HDRsource,at
amofSSS,OOOImg.showsitmbeeompcdﬁveagdnslr-ln the current HDR photon source. A Cf-252 HDR
smn'ecwmﬂdlnstﬂveyws,whilelr-wzisrepheedfounim-ayenntss.OOOpayw. Including $40,000 for
m@eCf-ZSZHDRfabﬁcaﬁoncostsmd'shippinsequmtoassvingsofSlﬁ.OOOpa‘waorahighLETsoum

3. DESCRIPTION

3.1 RADIATION DOSIMETRY AND RADIOBIOLOGY OF C£-252

Cf-ﬁzmimbahpwmsam-mmnfvnidmwﬁ&m%hmﬁmmdﬂam
msnners. Ihoud;nammmgie&uhighasZOMeVﬁvm”'thawbemobsuveiﬂmneuummquspectmm
pealsat0.7MeVamifallsoﬂ'rapidlynboﬂ:highaandbwamﬁafermmodaﬂedCf-ZSZsouroeinair[ﬂ.
mmmWMWMMMMMMmWMMmm As these
neutrons reach equilibria, they sre mainly captured by hydrogen (0.33 bams) in the 'H(n, v = 2.225 MeV)’H reaction,
and with nitrogen (1.83 bams) in “N(0,p)"‘C [8]. While the atom percent of nitrogen in human tissue is low when
wmpzedmmndhy&ognmew&wdﬁmmmemmmghﬁmwmsfamwhichhas
been shown to be more effective at cell killing than photoas [9].

Faamﬁmﬁﬂﬁn.amdmdwmwdmthemwmmgymmasaﬁnwtionof
distance. mmmmﬁm&c.NMOmmngdmmmm,wm
Mmmneofdoudepodﬁmchmgafuhaeuingdimmmemuthemmhmﬁngly
moderated. At distances of greater than 5 m,thcfastneuummpmmlisgeaﬂydimhﬁshed.lesvingthelmnlized
neutroas to interact with the [velocity]* cross-sections of H, C, N, and O. Here, the (n,p) resction on nitrogen and the
elastic reactions on hydrogen are much less likely.

The prampt photoas from alpha decsy and Cm-248 relaxation are of high energy, and react via pair production
and the Compton effect. Othapmaniuadmmghdeayoﬂhesponunemuﬁmmodm“gmaﬂyofmh
lowa'mgy,m'anmunedw-agremmmtbythem“spmﬂaﬁm,mdmctvumewmﬁw
photoelectric effect Whilemuglﬂyonethirdofthemdiatimdose(Gmy)atlcmisductophotonemimons,thcireﬂect
ismhimizedwhenthemlaﬁwbiobgicdeﬁwﬁvmas(kﬁﬁ)ofmcnamismsidaed. Though RBE is a function
ofmanyfaﬂas,avaheo“fotlowdosem(lN-Gy/hr)irmdiﬂionwitth-ZSZnemmshasbemadoptedforvaﬂws
tumor sites. Astbeneun'mRBEasaﬁmdimofdosem“rismlyslidiﬂy.theRBEiseomidendﬁxedforsgiven
treatment distance (e.g- %qn)ﬁrtheenﬁmmableli&ﬁmeoﬂhcm(~$ym). For HDR (Gy / minute) peutron

. . the RBE is expected to decrease to about three. While this may seem disadvantageous at first, the
mmcpindmbme&ﬁamhRBEdMywmnmmnm&mwﬁch
msyoﬂ'a-hnpmved-localoonuolatthepaipheryofthemgetwhm

Thedosedis&ibuﬁomabman-ZSZwmmaybewedmdcalmnamdbyanumbaofways. Monte
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Carlo modeling of Cf-252 was first performed by Krishnaswamy in 1971, and later confumed experimentally in 1972
using paired chambers {10]. Later, more advanced means of neutron detection and modeling using foil activation
techmiques, chambers, and MCNP4A have confirmed Krishnaswamy’s results while providing information about
neutronspeeuaandnwmvedan'[ﬂ. With the constant sdvances in computer processing power, it is expected that
C£-252 treatment planning will shift from treatment planning look up tables of along-away dose data to eventual full
phyﬁwMamCaiomodehgdinmpaﬁmtdosimWy.

4. RESULTS

4.1 C1-252 SOURCE CALIBRATION PROCEDURES A‘I ORNL

4.1.1 C1-252 Sottree Streagth Assay at NIST

c&ﬁZWWcmmwmmmghdemeNﬁm Institute of Standards and
Tecimology (NIST) primary Ra-Be photo-acutroa standard source, NBS-1, whose emission rate has been absolutely
determined. Hts emission rate was 1.239 x 10° ncutrons per second on December 1993 with an assigned uncertainty of
+ 0.85%. Ihenam'onmissimmneofthembmittedso\mewasmmmm

4.1.2 Experimentsl Methods at NOST
Py

wm&,mmmmmwm:nmmembwmdmﬁnwﬂymﬁng
the induced, ssturated manganese-S6 activity with 8 scintillstion counter. The Cf-252 source to be assayed was located
in a small Teflon cgvity at the centerof 8 1.2 m diameter spherical bath. The purpose of the cavity was to reduce
thermal neutron absorption of the source. Mmmganeaesulfnewascimﬂstadbthewhﬁﬂaﬁmeomm,whichis
located in 8 shielded stainless-stee] beaker. mmnowingmecﬁmhavebemappﬁedzo.&%forﬁstwmmcapmre
byoxygenndaﬂﬁrinﬂ:ebcﬂa,O.I%ﬁrﬁﬁmdmﬁmﬂmmbyﬂwheinﬂnTeﬂnnmbolda,
0.0S%formupeﬁomﬂubﬂO.ﬁ%forthamdnammabaotpﬁoninmemand0.95%forothernwn-on
eap&nereacﬁminﬂnewnpsulaﬁmmmdxk

4.1.3 C£-252 Source Strength Assay at the REDC

relatively effective in discriminating against photon radistion from C£:252 sources. The detectors were 5.24 cm in
diameterand29.69anlongwithanetmm-smsiﬁvekngthof15.24qn The detector cutput current was measured

with a digital picoammetes. s
4.1.4 Background Determination-

The procedure for beckground determiination gt building 7930 of ORNL’s REDC follows:
. Sdecttheso\nceholdainm-mﬁtﬁptypeofsowcebeinggssayei

. Clmanknownneummuﬂmnﬁonmnofanc,ormvethanm
theHeeleakﬂ.wsﬁngstaﬁonbxhievethemininmupicommding,

. Installﬂnesmmholda'intheFimlAmySym(FAS)modcmor.

. Afier the system has stabilized, typically, 20 mimutes, obtsin elcven readings using the picoammeter,

mdrcomdﬂxemonthedacanmsheetnmderBKG.

Cimlcthemedianvalue,thatis,thevalueforwhichthemmSn\mbaslmandSmmbassmalla’.
Use the median valuc i~ further computations.
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4.1.5 Picoammeter Standardization

re-position the source within the FAS moderator. Allow the readings to stabilize (~20 min.), then record the eleven
velues on the data sheet in the column REF. SOURCE. Again, circle the median vatue. Perform the calculations
mdicawdmﬂwdmmwdem&euﬁmm&ﬁeFA& This value should be within the limits
indicaﬁedonﬂndahsheet.Podbkimmfwvuhﬁmhd\ﬂeohmsuinmbimtmdiﬁm(tcmpaammm)

holder region, oontanmination of the scarce holder, & change in the inventory of neutron sotrroes in Cell € or possibly Cell
Gbcﬂncnﬂnﬁmcthebad;gmmdﬁvummndmdthedmmmmm

4.1.6 Remeasurement of Background

mwmmum&mummwubmmwm
mmdmammhmwﬁ,hMWﬁmﬁmShomehpxdbetwem
mmnmbofﬁer:fgmemuﬂ&et&m

4.,1.7 Test Source W-uﬂ Methodology

i .
ThetestmwisthenmmndbytmsfmhghﬂomdﬁchlG,ﬂswpraashippmgmminm

Aﬂﬁbﬁaﬁmmhmedebemmmbﬂhsmm&maﬁﬁty. Then, the proper
smneeholdaissdeﬂed,memmisplweﬂinxothemholda.mdthmthemholdaassanblyismoved
into the FAS moderator. mmruwmmmmmmupimmmedaam
sheet in the column 7EST SOURCE. Again, the median value is chosen and circled. Calculations indicated on the data
stpmdwm&MWmathCﬂﬁzmﬁmesmﬁe
following data: :

F ‘Frection Cf-252 neutrons (with respect to all Cfisotopes)

NCR  Neutron Count Rate (n/s)

BKG Background, median

REF Reference source, median

TEST .  Test source, median

The following equations are used in determinatian af Cf-252 mass content for the test sources.

Standardization: \ [REF-BKG]/NCR = (1) [pA-sec / neutrons}
Neutron Emission Rate: [ TEST - BKG]1/(1) = (2) [neutrons per second]
Cf-252 Source Strmgﬂxw [(2)xF]/231434x 10° = ugCf-252

4.2 NOVEL FABRICATION TECHNIQUES AT ORNL

Inthe I-Wmmmw(m)mm&-ﬁzmwmﬁmﬂwmm
sacoessful being the AT source shown in Figure 1. Note the presence of three core wires used to distribute Cf-252
i among many AT sources. In the 19808 ORNL took over the C£-252 Sales / Loan program. The need to make
repla:anentA‘l‘mmddevdopmhdquambcublemfuhimmkmfwbrﬂymmmhmd
mnnmthasbeemhe-wbjeuofrmchatREDCformcpastmﬂyws. Building on techniques developed at
,SRLanda;pexiencegainniameREDC,ORNLMnsomomnplaedleﬁbﬁeaﬁmofreplmemcnIATwmesmbe
loaned to WSU. Someof&etechﬂquesusedwﬁbﬁeamﬁwmwATsmmmdmemiﬁdﬁbdmﬁmmﬂum

described below.
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BODKIN EYELET,
SEE"NOTE 6

{0.025" (.6mm]}

(51" [23.1mm])
ACTIVE REGION
(59" [15.0mm])

A1 [2.8mm]) =i

Figure 1. C£-252 Applicator Tube (AT) Assembly

4 — Outer Capsule
7 - Inner Capsule
8 — SRL Core Wire(s)

Developnnnofﬂ:emwi:emhingthecf-ﬁZWlstheﬂmtobmle. Techniques and equipment uscd to
fabricate source wires at SRL were not campatible with the REDC hot cells. Cf-252 ceramic-metal (cermet) wire for
industrial sources is routinely rolled in 8 square wire jewelry rolling mill. Rolling to the size needed for AT fabrication
wmuwwmmgmmnummwmmmmemmmwmmm
with frequent annealing intervals to provide structural integrity. A melt of palladium and Cf-252 oxide produced a pellet
calculated to give ~30 pg Cf-252 in a length of 15 mm when rolled to the required size. This produced a modificd
sqtmewire,o.Qlmmmtheﬂaﬁwhiehwupuﬂedthmughalﬁmmmﬂdieambthnhﬁtinsidctheima
capsule. Itisnotewoﬂhythsttheﬁnishedwitewaso.nmlmgwhmmnd,maldngitthelongatwineverrouzdat
the REDC.

memwkcmwﬁmd'hvamﬂyﬁmmdmmﬁmmm.mmempiw
measured for length and assayed for Cf-252 mass as preseated in Table 1. The wires, which were 15.0 +£0.25 pun in
lengdxwmmuiduedforencapaﬂa&mwithonemmpeATm The goal was to supply WSU with 12 to
16 replacement sources of 30 pg each. The several short wires resulted from kinks in handling the wire in the hot cell.
Theinnaandouterupsulesweboth-fabﬁeewdﬁomam-m%manoy. As of this writing, the inner capsule
cans have been fabricated and are ready for primary encapsulation. The cuter capsules are still being machined. Both
capaﬂw»ﬁnbewdedbynGwddingaﬂuinsaﬁmofnplugwprmgmapm A description of the
source/encapsulaﬁongeome&y,aswcﬂasitsmumdosimeuycmbefomdinmvardctal.locatedwithinthesc
Proceedings [11]. ) ) o

mepwmmumhﬁh&mﬁoﬁn&wﬂmmmlmmdmoyﬁbnaumwm
mﬁdethebskgumquuﬁedmfdnicmmwinfwaHDRCf-Zszsmnccthatcsnberanotelyaﬁedoadei
Advmcainndioebemiwyndmiquumdyiddshwedeumﬁedﬂniniﬁalgoddlmng-ZSZpermm’tobc
feasible. Howcv:r,itisexpeowddutapmtypemRsomccofo.31n0.4mgwinbemadeinlightofsafctyimm.
nm}mkﬁbﬁmmeﬁmswmummmmwmwﬁmmwsummﬂmmmm
mmuMmﬁﬂowhgmfulfabﬁmﬁmmdshipmmtofﬁanﬁomeRMATsourcestoWSU.
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Table 1
Wire # . g of C£:252 aa 01/2353 Length (mm)
PD-CF-124-2 " 28.59 1521
FDCF-1243 ‘ 991 15.09
PD-CF-1234 .- 326 1521
PD-CF-123-5 _ 3246 15.1¢
PD-CF-1246 ' 3246 15.16
PDCFRI%4T . . 32.68 15.16
PD-CF-124-8 ' 3098 15.09
PD-CF-124.9 ' 3134 15.09
PDCF-124-10 31.57 1521
PDCF-124-11 j. 3197 1554
PDCF;124-12 30.24 18.11
PDCFize13 2971 147
. PDCF12414 | 3127 15.14
PD-CP-124-15 5 337 1138
PDCR-124-16 ' 30.59 15.06
PD-CF-124-17 ‘ 1942 9.80
FDCF-124-18 1970 10.67
PDCR12419 . 2287 15.14
PD-CF-12420 : 227 1138
PD-CF-12421 . 2325 1336
PD-CF-124-22 2841 15.14
PDCF-14-3 ' 2989 15.14
PD-CF-124-24 B 27258 15.04

4.3 RADIOCHEMISTRY TECHNIQUES FOR Cf-252 SOURCE FABRICATION

Nammmaapyhasdanmm'amdmweﬁcmyfammumuwmpuedwi&mdxdpm
radiothaapy.Althwghthcemmanyminwhiehwpmddcmﬂnupy,useofdlﬁ2hasbe:nfomdtobe
very promusing. FaopﬁnﬁzddeﬁlSZmu&mbmchﬂhaapy,mwﬁchpmvideﬁgh«dmemmm
matoanbgnsadinanmmamd.uﬁu'-lqadm'dcvica,mminhnizenmatyhatoboththepaﬁmtandmedical
personnel. To acqui:ethiscapabiﬁtyitwaswmprepmspeciale-ZSZ sources, which in turn demanded that
certain material science issues be addressed and resolved. One of the important issues cancerned the Cf cenmet matrix
used for the sources. Thematxixhadlobestablqbcabletobcshapedandﬁormedbymnotemetalturgicalteehniqu&s
in hot cells, and have a high specific Cf-252 content. Oneufﬂ:emostpmmisingma&ieabmdoneonsideringscva‘al
different factors, was a Cf-Pd matrix and / or compound. This has becn successfully used for preparing lower yield Cf
sources (e.g. ~ 1 % mass Cf). Thcchalla\gewasminaeesemeCflmdingmpqhapszo%mmemmhicvcspedﬁc
source strengths of 1 mg C£-252 per far’.

Inmnsuing,thischallmge,asaisofpxepmﬁmtechniq\mmgahcwithtesﬁngoftheirmechmicdpmpetﬁes
wuecmiedoutwiﬁhnthmide-?dmmimwherethelamhmidcwasnnduachemiedmd-infotCf-251 Thesc
studies considered the phase behavior known for lanthanide Pd materiais. It was evident that a major component in
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252‘corewteinhoanl-mkcapsnle."Mbvuﬁgaﬁonshzvcahawnum-shuﬂxedmwireuf?d-md,maybe
fabﬁwed(swnged)mmmdmmﬁo.SmMﬂemmem-mmghoﬂmng-ZSZpa'mm’.
here Tb was the M stand-in for Cf

Dkectmﬁonofthcelmentsi;omgm&dpomﬁdmneformcf-mmmpodm;howeva,mechanical
pmpaﬁcsofoprthOmajorcﬁﬁiqﬂﬁa Oneistheneeessityforpmpchgcfmetal,whichisvaydiﬂiwlt
cmsidedngﬂ:emllmasucaladashad,thclimitedmmefmndeocﬂny-zsz(SSS,OOOImg),andﬂmﬂl
opmﬁonsnnm‘beperfmmedmotelyhahoteen. ThesecmdmsjoromeanisﬁxehighvolaﬁlityofoMLwhich
wmﬂdbﬁngabotuhigxlommdpteclndemdﬁng‘heCfandthel’ddneﬁovaporizﬁm The most attractive route
based on these facts is the geveration of such Cf-Pdalloysviaﬂ:c-teaction-ofooxidewitthmda'redwhlg
atmospheres. mmqmdynmﬁcmbﬂitydmemmpanﬂfmdm:ﬁnewﬁm.mdthemcﬁmhhmww
occwwithlmthmideandacﬁnidec:ddsmdmanyofmephﬁnidemls Thisappmed:forprepatinng-Pdalloys,is
puﬁaﬂnlyat&wﬁwsitavoidshmcedlyofﬁrﬁpmpﬁngﬂanmmLmdmCf(Iﬂ)o:ddewhichismdﬂy
prepared. Thisapproachhssﬂ:edmwbackthatitisoﬁmdiﬁcultbwoidresidmlamomtsofo:dde(c.g. difficult to
achicve total redugtion). However, small amounts of Cf axide may be tolerated, and not be detrimental to the products,
if excess Pd metal is present (.8 foimation of a Pd-CfPd, matrix with some oxide inclusions) We have investigated the
fomﬁmmdympaﬁsdlm&mid&mmmaﬂmwmmisoﬁdemdwﬁmpmmdbyarcmeltingthe
elements. Ammeltdwodwﬁemﬂoyedlmﬁaﬂdemﬁﬂshﬁghwwvapmpmams&bmmismemod
still had to contend with the volatilization of Pd. Fwoaddcp:epwaﬁm;s.olhﬂ‘lmthmidemddawereemployed. The

lgn_thanideinﬂ:iscwewasTb,asimmddesyaanmdoﬁdebehavimisvaysimﬂarmthstoftheCfoaddm

Mmesaofexpainmminvulvhgmnnl&ngofﬁd-?dnﬂm:ixeomposiﬁonswenpreparedandme
products were evaluated. Thiswﬂuaﬁmimlﬁndboﬁx«ydiﬁacﬁmmﬂymmmﬂnphmmmm
metallurgical structural mﬁngtode!nminethemechanicdpmpaﬁuofthealloy. From these studies at ORNL, if was
demﬂnedﬁnompcduqumdwﬁchmdned.Gd+Gde,Gde,.de+Gde,. It was farther
dmhedthde,byiuelfwn,mbﬂukmdhndwboaﬁMyfuthemdpm&mmdthatthebwtmataials
for formation. of sources were Pd-rich GdPd, composites. Theopﬁmumbchavia*wasobsa‘vedwhmtheGde,mole

was below 20 %, or 25% Cf mass equivalent.

hhmﬁﬂ&ﬂsﬁ%ﬁwm&ﬁmmmmﬁmwmdnﬁmnoxidewas
observed. Thesemdmﬁomwaepeﬁmmdnﬁngsvwiayofmhaa(prhdpdb4%hy¢ogm-m)and
tempmmrecydeswwlsoo"Cfm'paiodsofnpwwhm: Most of these operations avoided intermediate grinding
and re-hesting steps, astheeewmndbeparﬁwln‘lydiﬁcuhmdwouldleadwhighCflnms'mhot-ocllcnvimnmm.
However, satisfactory Tb-Pd composites could be prepared via this non-lsbor intensive route for the Pd-rich composites,
and this was chosen to be the preferred preparative routeﬁrmakinng-Pdalloymaterialsforﬁme-252I-H)R
source developmeut.

4.4 HDR UNIT DEVELOPMENT

Ihaemammbercfmtcmvefafabﬁaﬁonofsmllacmszsmmwithincxeasedspedﬁcmoe
strength. ThesecmmtA‘l‘mmqnitelarge,23mlmg.2.8mdimeta,mdthechoiccofclinialsit5with
which it can be successfully treated is limited. hsddiﬁonwﬂxacphysicallimitnﬁons,pqmelapomhnsbeman
additional concern. QndhichssadopmdmcpmﬁwofrdiaﬁmmwlogyphyﬁdmloadingmecMWhik
medicalphysidsaunloadatthemdofeach&wﬁon. Paﬁentsmmmﬁtmedmotelyvinwnms,mmitors.md
intercoms. Inﬂ:epastbvoyws,wholebodypamelapomeﬁmcﬁzszmmbptbdow3mSv.while

bmehmdsnsmewned'byneuummﬁwﬁlmﬁminamstmmmmmzsmSv. Here,
aquaﬁtyfmonOwasmedmcurdatemocpomtodmeqxﬁvﬂm Of course with the advent of C£-252

- A collsboration of ORNL, WSU, the ROC, and commercisl HDR manufacturers aim to develop an HDR remote

aﬁaﬂoedﬁ‘whiehmmomo&h#ahighwﬁvity(z 1 mg) Cf-252 source. To achieve this, advences in radiochemustry
atORNLmustyieIdasomcemg&linmoflmd—ﬁzpam’fmmsuﬁmmmemapwle. This has
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reeenﬂybeenshownmbeposﬁble[m]. mummwmmmudm
pmmﬁnpm:ﬂﬁmddumhnbmmmmmdpdoﬁdmbeeﬁwﬁvdym
Wakmwkainaﬁuio“mmdelwunﬁamodiﬁcaﬁm,uwenuufcdedm Our current Cf-252
Tmmems‘ﬁteisshieldedmdﬁeensedsnhthatwmlmgofo-ZSZmaybepmmL This was devised so that
pamlapmmmdmthemwlwﬂmmnswhr. However, this exposure rate may be greatly
deu-usedshmﬂdtheCf-ZSZI-n)Rmitbepheedinuimilatradiologicdvaultuowlr-l921-n)Rtmit. As tregtinent
tinnsmcxpectedtnnngeﬁom&ljminntswithazlmng-ZSZmﬂzisbeaﬁmmaybemablewnsidaing

Ad-ﬁzrmkmwwﬁlmmmmpmdmwuﬁmdummeabimymmp the source
throughout the target volume sand weight the time accordingly. Preliminary Monte Carlo studies of Cf-252 HDR source
nennmdosedismbuﬁmshawshmhwewmak-l”}mRmoﬂmhmh Thns photon and

mba:hyﬂnmm:yﬁnﬂlybéwmpnedfwﬂxeﬁmﬁmein&eﬂbkredm
Finally, with the increased neutron flux, additional modalities such as neutron capture therapy may also be possible

wmmemdmﬂudmd&hgheﬁnﬁuﬁmﬁmofthagwtm As the kerma values
fwﬂhdduﬁraﬁﬁmsmdmcﬁmﬂn&mmuhﬂﬁvemoddhgudngmcm,wmdemnte
and timely dosimetric dats on a per paticnt basis.

s, CONCLUSIONS

s
Result:MMM&MW&CMSZATWMme}aﬁbuﬁmand
fabrication techniques, mddmﬂntemefudbﬂnyofnd-zsszmmpamhﬁdapmaduxofm
radiotherspy. M.mﬁzmkwmmmmmmmrmmmw
uﬂﬂehagﬁam&&pﬁ”wﬂhmﬁgmﬁawﬂ@m&mﬁdmmhsﬁom@Zﬂ for successful

treatment
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