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Presentation 1

GENERAL INTRODUCTORY REMARKS CONCERNING LAMPF

AND ITS USE FPR ISOTOPE PRODUCTIOR

L. Roaen

We are pleased to have the >pportunity this
morning to demonstrate %o you that the time has
come when serious attention ought to be devoted to
LAMFF as a source of valuable radioisotopes.

With me today are Dr. Mario Schillaci, who
will discuse the production rates available from
LAMPF, Dr. Bruce Dropesky, who will describe the
proposed targeting system, hot cell and radiochem~
istry fecllities available at LASL, and Dr. Hal
O'Brien, who will tell you some of the markets now
foreseeable for those radioisotopes which can be
produced at LAMPF more adbundantly than with any
other production facility presently in existence or
under construction.

Up to now, all of the effort devoted by LASL to
explore the desirabllity and feasibility of an iso-
tope production facility at LAMPF hes been supported

elther by .44 or by the Division of Research. How= -

ever, budgetary stringency in FY-T72 will severely
curtail this support and, in view of the obviocus
relation of thias activity to DID missions and re-
sponsidbilities, I would suggest that it is now
appropriate for DID to pay some attention to LAMEF.
I realize, of course, that DID budgets ave not
enormous. I believe, in fact, that the natiunal
interest demands that they be substantially incress-
ed, The way to do this is by not only vigorously
supporting those activities whick are of proven
value but also by exploring new activities which
offer unusual promise, by exercising the kind of
imagination, creativity, inventiveness end daring
vhich has made our nuclear science and technology

endeavor the envy of the world. Thu=, with the
support of the DID for this proposal, we can 8ssist
in obtaining additional funds for en isotope prod-
uction facility at LAMPF.

As most of you know, we are constructing at
Los Alamos, the world's most prolific pilon-produc-
ing accelerator. It goes by the name of the Ios
Alamos Meson Physics Pacllity {LAMFF). A4s a corole
lary, it can be stated that the primary proton beam
will carry more power than will the beam of any
high-enérgy acculerator in the world now in opera=-
tion or under construction. It can furthermore be
stated that most of this beam power will be wastzd
if it 18 not used to produce isotopes. The actual
production of 1autofes will cost the nation nothing-
1% 18 a by=product of LAMPF operation. The reason
we are here is to convinee you that you cught to
take the trouble not to engage in sowing the har-
vest, or even growing it - Just reaping it. It is
required that target facilities for iaotope prod.
uction be bullt, that techniques be developed for
extracting the desired isotopes, for purifying

" them, for packaging them, and for selling them

either for evaluution or use. ZRaciiities for chem-
ical processing already exist and ere available gt
LASL. Thus, we are nct requeating funds for a
separation plant (vhich DID may wish to fumd in
the future, if warranted by demand), dut solely
for the irradiation facility. ILast year, in test.-.
imony before the JCAE, I stated that this facility
would cost less that $0.5M, and this estimate has '

not changed.
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Fig. 1.

In order to place the opportunity presented to
you in proper context, I show you Fig. 1. It de=-
plcts the world-wide accelerator picture. The stars

represent a new famlly of accelerators now under con-

structicn - they are called meson factories. The
one in Switzerland and also the one in Canada will

be operated to produce radioisovupes as e by-product.

However, as you can se:, LAMPF is the mosi powerful
of the lot. It can produce nol only more radic-
isotopes than all the others put together, but it
can produce them further from the stabiiity line,
thus opening the possibility of using many more
targets for the productior of a given isotope, This
is important for reasons of physical properties of
the target; target meterial availability and purity
of the desired isotope. I'm sure you gentlemen need
not be told how foolish all of us will appear if

rld-wide accelerator picture.

severul years from now the United Statea 1s buying
proton-rich isotopes from Switzerland or Canada as
a result of our proposal not being funded.

LAMPF ia based on a protca linac of energy
800 MeV and average intensity 1 mA, resulting in
a beam carrying 800 kW of power. The project is
going very well. It is on schedule time-wise and
budget-wise. Figure 2 shows the intermediate goals
for LAMPF. Full energy beam is expected in the
switchyard during July of 1972. We can start pro-
ducing radioisotopes in Janwary 1973. Some indica-
tion of our constr..ction progress car be gernered
from & quick perusal of Fig. 3. Figure 4 is an
aerial view showlag the Lab=0ffice Building, the
Injector Building, the equipment gallery and the
Operationa Bullding. The blisters along thc equip-
ment aisle house the power supplies for the high-



INTERVEDIATE GOALS FOR LAWF
EVENT DESCRIPTIONS SCHEDULED DATE

START ASSEMBLY QF COCYCROFT-WALTON B 10/30/7¢
START CONST OF PH II EXP AREA 1%/09/70

START CHECKOUT SEC B RF POW SYS (FL} 11/13/70
START CONST NUCLEAR CHEMISYRY WING 11/30/70
START OPR INJ A + TRNS AR W/CCS 12/18/70
START CONST OF PH III EXP AREA 1/15/N
START INSTLN OF SWITCHYARD BLA EQUIP 4/01/7)
START INSTLN OF SWITCHYARD LX EQUIP 4/0uyn
CONST OF AREA A BUILOING COMPLETED 4/08/N
START INTG MDD 3 & &4 W/CCS AN1SN
¥-100 MEV BEAM DAY 2701/
START INTG OPRN MODS 1-12 FROM CCR BNy
START OPRN CHECKOUT H-MINUS INJECTOR 16/01/
F211 MEV BEAK DAY 19/01/71
CONST OF NUCLEAR CHEM.STRY WING COMP Mn/30/7
COMPUTER ON LINE 24 HR/DAY 12/30/
SECTOR G 1 & C COMPLETED 12/30/7
CONST QF AREA A SWITCHYARD CORR COMP 1/10/72
8.0.D, ON AREA C BUILDING 3/21/72
SWITCHYARD (BLA & LX) READY FOR BEAM §/0%/72
CONST EXP AREA PH 111 COMPLETED §/18/72
PH 11 EXP AREA CONST COMPLETED 6/14/72
SSTRT 800 HEV 8M TESTS (BEAM DAY}, 6/30/72
STRAT OPRNL CKOT H™ BM + H™ AND H BR 19/01/72
BEAM AREA A FPCILITY OPERATICNAL i2/29/72
HRS READY TO ACCEPT BEAM 1/0:/73

Fig. 2. Intermediate goals for LAMPF

CONSTRUCTION €SI STATUB PR TAKST AS 07 OCTGBER 1, )70

Cout Current Anticipated
Incurred  Outstsnding  Esimte to  Yarking overrun
40 Daste Cosmitmects Coay inte Entimate {Uaderrun)
Design of Butldings .
end Avcelersic: |9 5,210,000 1,004,000 30,000 6,578,000
Buildings ard
Btructirer 12,587,000 1,545,000 6,287,000 20,813,000  5,9,000
Xquipwr ot
Proc'.scxcot and
Ir.callation 10,%0,00 3,500,000 12,382,000 27,082,000 209,000
<%, hoads,
03 Rilt.ies 1,632,000 1,632,000
Conttagency 293,000 263,000 {5,40%,000)
Totals 3,289,000 6,449,000 19,262,000 56,000,000

Fig. 3. Constructlor. cost status for LAMPF as of

October 1, 1970

encrgy portion of the accelerator. Figure 5 depicts
the main experimental area, looking west to east.
In the foreground ir the beam switchyard. To the
south will be a pulsed neutron facility for weapons-
To the north will be a high-energy

neutron facility and a high~resclution proton spece

related work.

trometer for proton-nucleus reaction studies. Iwo
hundred feet to the east will be a biomedical facil-
ity and immediately beyond that an isotope produc-
tion facility. The accelerator comprises three
stages .aown in Fig. 6. There is the inevitable

Cr ckroft-Walton, a drift-tube accelerator, and

then a waveguide accelerator which takes the bean
from 100 to 800 Mev. This latter was invented for
the purpose at hand. It is already being installed
in a half-mile ‘unnel, 25 feet underground (Fig. 7.)
To yprove to you that we are anxious to achieve

Fig. k4. Aeria) view of LAMPF site.

Fig. 5.

Construction of main cxperimental area.

practical applications in all of our acti.'ties, I
show you Fig. 8. The accelerating structure used
in the high-erergy portion of the accelerator is
already in use to serve humanity. Three companies,
Varian, Arco ani SHM Nucleear, have adapted the
gtructures we developed for manufacture of relistle,
inexpensive, high-energy X-ray machines. Thesge use
small electron lisacs, 4 MeV an? higher energy, to
provide X-rays of better therapeutic properties
than are available from cotaelt or lower-energy
machines. Already more than 50 of these machines
have elther been cotstructed or are in the process
of construction.

Figure 9 18 a schematic of the injector erd cf
There will e three injectors:
one for positive ions, one for negative ions, anl

the accelerator.
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Fig. T. Accelerator installation in beam channel.

one for polarized ions. Poeitive and negative ions
will be accelerated simultaneously to be sorted out
in the switchyard, thus doubling the duty factor of
the facility.

Figure 10 is a schematic of the beam switch-
yard and exrerimental areas. It reveals the batic
philosophy underlying the design of this facility -
a capabllity to accommodate many uses simultaneousiy
and with minimal interference of one with another.

Iet's turn now tc %he need for an isotope prode-
uction facility. Figure 11 illustrates the uses of
radionuclides in medicine during 1966. There were,
during that year, more than five million administra-
“ions inwolving rore than three million patients.
1t is safe to say that these numbers are consider-
atly higher toda;. It is also saie to say that many

Fig. 8. High-energy X-ray machine used in treat-
ment of cancers.

of the isotopes used have better and cheaper com-
petitors which will be produced by LAMPF. It is
aleo safe to predict that many of the protonerich
isotopes, producible by LAMPF, will be found to
have exquisite applications in induetry, agricul-
ture, and especially in medicine.

A foreseeable practical application of LAMPF
which 1s now receiving heavy attention has to do
with the use of negative pions in radiotherapy.
These particles offer promise of providing the best
foreseeable radiation for the therapeutic treat-
ment of certain classes of cancer, because of the
possibility of achieving local deposition of high
LET radiation under carefully controlled conditions
and with visibility of the tissue volume where
energy is belng deposited. ILowever, one m.st know
where the tumor is and, for this knowledge, one
needs recourse to radionuclides which concentrate
in the tumor. This 1s now well recognized and a
search is under way for cumor-seeking isotopes.
The newly established LAMPF Biomedical Steering
Committee has designated a subcommittee for
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Fig. 9. Schematic of injector end of the acceler-
ator.

N | 1

Fig. 10. Preliminary experimental ares layout -
(including switchyard).
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PRDCIPAL BCLREAR MEDICAL FURCTION PROCEDURES FERPOSMED DURDID 1966

Fayeiotess | Paymtotams]  retiem:
e -
Radiomolise Cowsoud Procedure rocedine | woeedars. - Gmber Pecwent
Ly Bodium 108180 Thyrosd vptexe 2521 1,86 Q05 sT2
e Lebeled slvusis Bicod volame 1L,# 08 hiol,o0h  13.%
e Boatum loichippurate] Becal function et W s 63
oo [tavelss viteats B, | vitamta 5, shacrption 952 s |6 M
Slor [Bodtim chroawte Bicod volume determtostios] 1,064 o |28 M
0o Labeled vitruin By, | Vitamds By, abeorptice 1,1% %6 {1506 30
1% 1avelen rese 7t melateorption 1,00 0 | e s
Sor |sotsum ctwomte 0 ecrival 1,10 & | 650 12
S |oulorise or citrato | 1rom termover o # | sam o6
LT lateled aimts Cardise outzt cer ™ | L% o3
e Rose beagal Bepatis fmctioe n a8 1,08 o
Total for primeipel procedwres 1isted stove 520,57 B8
Total fur 39 other proosdares vith 1ese than 1,000 elaixistretions 619 L2
Total for ell fusctico procstares 535,476 00,0

mmmm-mnnnw‘xu T
RMef: Burvey of tae Use of “sdicouclides iG Melieine: Prelimimary Repory, U.8. Depd. of Nealth,
Blucetion sod Velfare, WEP 63-10, July 1965

Fig. 11. Principal miclear medical functicn pro-
cedures perforned during 1966.

Isotopes and Diagnostic Applications, {Fig. 12.)

LAMPF can be an important source of these isotopes.
If redioisotope utilization continues to in-

crease as we learn how to use those available and

BIOHEDICAL STEERING COMMITTEE

Chatrman: Dr, Chalm Richman, Unlv. of Texas at Dallas
Alternste: Dr. W. H. Langham, LASL
Assistant: Or. D, E. Groce, JRB Assoclater

Subcommi ttee Chalrmen:

Isotopes & Dlagrostlic Applicetions = J, D. shoop. M. D.,
Untv. of New Maxico School of Medicine

Cellular Radlation Blelogy = Dr. P. Todd, Pennsylvania Scate
University

Radlation Therapy = M. L. M. Boons, M.9., Unlv, of Wisconsin
Medical Center

Facllity & Beam Line: P. R, Franke, Jr.. and Or, R. L.
Hutson, LASL

Whole-Anima! Radlation, Blology & Pathology - €. R. Key, M.0.,
Unlv. of Hew Mexico Schoo! of Medicline

Physical & Biological Dosimetry = Dr. M. R. Raju, Univ. of
Texas at Dallas

Hebers at Lsrge:

M. M, Kligerman, M.D., Yale Unlv. Schocl of Medicine

R. E. Anderson, M.D., Unlv. of New Maxico School of Hedlicine

Or. €. A. Toblas, Ualv. of Californis st Berkeley

J. R, Castro, M.D., K. D. Anderson Hospital

Dr. A. H. Koshlor, Harvard University

Davld Hussey, M.0., M. D. Anderson Hospltal

Fig. 12. Composition of Biomedical Steering Com-
mittee.

Fig. 13. Design of proposed medicsl proton linac.

find new uses for those yet tc be produced in ade-
quate quantities, we will need to look for produc-
tion capabilities even larger than those which LAMPF
cexn provide. We will also need a number of facil-
ities to implement radiotherapy possibilities baced
on pions. These special-purpose facilities must,
hovever, be far less expensive than IAMPF. We have
given thought to this problem. last spring, wvhen
I testified at hearings of the JCAE, I already
could say that a straightforward extrapolation of
IAMPF to a single=purpose, SO0 MeV facility would
decrease the cost to $10M. More recently, Dr.
Darragh Negle has given some serious, innovative
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thought to thils problem and hasc devised a scheme for
cutting the above cost in helf. His proposed accel-
erator is shown in Fig. 13. It staris with a 3 MeV
pressurized injector, proceeds to a drlitetube,
post=-coupled 1inac at 400 MHz and into a side-
coupled linac operating et 1200 MHz. By folding
the line wiih three 180 degree bend:. one hes a much
more compact accelerator, more easily built anid
maintained.

I heve repeatedly stated my conviction that
both the Brookhaven and Los Alamos facilities should
be supported. However, if because of budgetary
restrictions or for other reasons cnly one of these
facilities can be funded, the obvious choice must
be LIAMPF. The evidence presented here today should
ronvince you that such a cholce 1is necessary.




Pregantation 2
»
COMPARISON OF LAMPF AND BLYP FOR PRODUCING BADIOISOTOPES

By
M. E. Schillaci

In August, 1969, vhen we were first invited to
brief representatives of the DID and other divisions
of the AZC regarding the feasibility of utilizing
LAMPF for the production of radicisotopes, we adopted
a very noncompetitive approech in relation to the
Brookhaven proposal. We believed then, as we do now,
that both facilities merited funding.
that occasion and on several occasions sinze 'l'.hen,"l
representatives from Rrookhaven have gone far beyound
a straightforward oresentation of the merits of the
BLIP facliity oand have been rather agressive in
comparing thelr facility with the proposed LAMPF
Isotope Production Fecility. In order to correct
any misconceptions that may exist as a result of the
previous unilateral couparison, we feel it is now
necessary to present a detailed, quantitative come
parison of these two facilitles; ané we havec beén
encouraged to do so by a representative of the DID.
Thus, although the tone of vwhat follows in this sece
tion may appear to be unduly critical of the BLIP
facility, 1t should be kept ii mind that these re-
marks are in the nature of a reply to certain, spec-
ific clairs made by Brookhaven representatives. In
any case, every attempt has been made to remain fair
and objective in this amelysis.

The principal mechaniem involved in the produc=
tion of radioisotcpes at both the Loe Alamos Neson
Facility (LAMPF) and the Brookhaven Linac Isotope
Produccr (BLIP) is the high energy proton-induced
spallation reaction.

However, on

clusters, resuiting in a variety of possible nuclei.

x Brookhaven Linac Isotdpe Producer;

In this reaction, many nucleons
are knocked out of the mucieum, both eingly amd in " - -

. comparison of‘ the product:ld

Some idea of the distribution of products that are
obtained is provided by the example skown in Fig. 1.
Here are shown mass-yleld cwi-ves from a bicmuth
target bombarded at aeveral proton energies. The
800 MeV curve has been sketched in tc provide a
qualitative comperison with the other curvez which
ropresent experimental data. The genersxl features
(1) a peak corresponding to upallation pro-
ducts near the target mass; (2) ancther peak (for
higher mass targets) corresponding tc fission pro-
ducte at intermediste masses; and (3) e rise at
the low-mass end corresponding to fragmantatioa
products. At lowar energles, e.g., 200 MeV, the
sptllation peak .s rather narrow. As the energy
18 increased, the spallation peak becomes broacer
and is scmewhat decreased in height. Just how
much broader and shorter this curve is at 800 MeV
than et 200 MeV, for &ll possible targets, is a
crucial question, for this determinee the relative

ere:

- variety of the products and the msgnitudes of their

Yields for these two facilities. We would now like
tc present & quantitative evaluation of I.AHPF.ai:d
BLIP in precisely these terms.

There .are three factois wiich must be coneld.
ared In any 'comparison of radioisctope ylelds:

1. bean intensity,

2. oross: pection dependence on emrn';y,

3. '

however, such con!iderat;io ‘
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CROSS SECTION (asb)

it [
MASS NUMBER (a)

¥iz. 1. Maas spectrs of muclides produced from a
bismth target by protons with energies
of 480, 800, 3000 Mev.

vesn intensity - - emgers in ap sbvious wey. The
second factor - - cross section dependence on
energy - - datermines the relative yleld for a
given target-product coubization at 200 MeV vs-800
MeV, assuming a target of fixed thickness. The

third factor - - thisk terget ettenmuation of beam -

« Gataiuinee the practration of the ‘beam &nd,
therefore, Sovw much terget czterial can be useful
for produsing radiownclides. ‘

Lot us now taky up these separate points. The
reen characteristics of the two facilities, which -
ave of ceatzal importance to the discussion, are:

WAHERY  TOD 2 20 MeV, 400 2100 uA

HIP: P00 McV, 180 uA,

e LAMPF Figuves tre based on the assumpticn that
a2l thvee pice pvilucing targets in Target Area A
are 10 the benn, pilus the Bio-Med target vhich is
alag “aicly sasgive. We wish to emphasize that
Thece are ramlivtic parameters for the Isotope R

‘

¥

Production Faciliity and not simply 1nitial beam
parameters. Thus, the beam intensity provides
LAMPF with an advantage factor of (400 + 100)/180=
2.2 £0.6.

Next, we must take up the factor dealing with

- .cross sections. As stated in the presentations

mede to DID in August, 1969, by both BRL and LASL
and from reports written at these institutions,
both the Brookhaven group end ourselves have based
our yield predictions on calculated, rather than
experimental, cross sections. This has been nec-
essitated by the psucity of data at the specified
energles and has proved quite convenient for
making rapid estimates of specific yields. Both
our calwulatione are basel on the same empirical
relationship developed by Gosta Rudstam” about
five yezrs ago. This formula represents some-
thing 1like 12C0 data points aﬁiilable at the time
and was shown to be sccurate to within e factor of
two or three for almost all of the data. The
accuracy tends to degenerate for low-mass targets
becauge of the contribution of secondary particles,
ard for high-mess targe!s because of the importance
of fission. In addition, this formula is meant to
be uped only for products that are three or more
mass unita removed from the target. Within these
restrictions, it is felt that Rudstam's sﬁtema-
tics are useful for estimating spallation cross
sections for wost target-product combinations. The
mathemetical details of the det'elopmnt of this
formule can be found in Rudstam's paper and is

‘alsc discussed in e LAMFF report,3 and, so, will

pot beé discussed further here. We should empha-
size that this sare empirical approach forms the
basis of both Bmokhaven's and I.os Alamog'! yield
predictions.
An abbreviated form of Rudstam's formula,
which is taken from ais paper, is given by
-P(E) M
£, (E) P(E) e
o= G(AJZJAT) :
- 1 - 0.3/P(E)a,
This fomzln. gives the thin target erosl aection
for the production of a nuclide with charge and
mass numbers (2,A) by an 1n_c1dent proton of .energy
E from a target nucleus with mass number A‘l‘ (a0 =
Ap - A). Here, the function @ does not depend on
energy; whereas the._t\_metipns fa and P deperd on
R | .
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Fig. 2. The parameter P as a function of the

irradiastion energy.

energy only. Radstam shows in his paper that the
optimum energy for producing & nuciide with a mass
difference of AA from the target nucleus is given

simply by
P(E 01)1_‘) a0 1/0A.

It turng cut that 200 MeV is the optimum energy for
making products with 84 m 3, and 700 NeV 13 optimum
for products with A ~ 8, This can be seen fron
the curv: for P vs B which is shown in Fig. 2.
Also, the curve for fastis shown in Fig. 3.

Let us aow use Rudstam's formula. to . compare
cross Sections under both of thesge conditions - -
viz., A =3MM-8. First ve ssoumx> that da
= 3, vhich is optimum for BLIP. Using the curves
for P(E) and f, (E) at E = 200 MV, we then ‘obtain

(200) = G(& A 3)_£oo ) He0) &
"ot - 0-3/P(200)y,

o a5 6(A03) ;1o o( Agm3).
1- o.86/1:xT

For the production of this same miclide (Af=3) at K

T00 MeV we obtain

. This nt:lo, th.h gives the rehtive vnlu. or nung

o E(MeV)

Fig. 3. The parameter 1'2 as a !\.nction or the
irradiation energy. : R

£,(700) r(7oo) ;'P(7°°)'P("°°>
9(700) = G(Aam3)-2—

1 o-:sl:s*('roé)AT
0.090 G(&A=3) '
= T.—EW 0.09¢ G(M—g)
in forming the ratio of ﬂm-e crou lectionl, ,ﬂi:
function G, vhich does not’ depeﬂd on eﬁery, 18
seen to euneel-

,090 O M=
opt BLIP ', .

00 2 9.09

» °6°

o0 :.,,'”

LAMFF over uung ELIP, vith :egu'd 1o the’ nm-en-
tal cross sections:only, ‘e optimized in favor of: ' -




Next, we assume that 8A=8, which is cpt m for
LAMPF:
£,(700) B(700) 7

%opt{790) = &(8=8) 73" "o 3 /p(700)

- 208 5(88e8) 5 018 G(4=8),
i~ 2.3/8p

£,(200) P(200) o~P(200)/P(700)

1 - o.3/1>(2oo)AT

9(200) = 6(Ma=8)

2 0:028 G(M=B) o oo, (ae8).
1. o.Ess/AT

Under these conditions, the relstive advantage for
LAMPF 18 given by

of 700) 0.048 G{Aae8) 2.0
.|o{200) opt LAMPF 0.024 ¢(4a=8)

Summarizing these results, we see that regard-
ing the cross section factor elone, LAMFF 18 at
worst 60% that of BLIP, and at best two tizcs that
of BLIP.

The final factor to be.dealt with involves the
thick-target penetration. Now, a correct pidcedure
would be to recalculate bean intensity. beam energy,
and cross sections after every interval, say &x,
into the target. This is a rather ccuplicated amd
lengthy procedure and is not really necessary for
the desired accuracy. We, instead, chose a. more
empirical appreach, -utilizing exinting thick-
target data. JIn Fig. 2 is-shown an example of
such data obtained by Shedloveky and Ra',y.udu.l"

What is shown here is the e:fective cross gection
‘for producing various nuclides fram a thick iron
target as a function of depth. .Such data vere
taken at 1 GeV and 3 GeV. The solid curves rep-
.resent an attempt to £it the data with an empiri.
cal formda.] An important festure to note is
that for products with relatively small AA, there
is a buildup in the effective cross section, peak-
ing at sbout 60 gu/cm® for the 1 GeV came. .The
effect 1s even more pronounced at 3 GeV. .It'is
telieved that this buildup is due primarily to
-secondary;particles, in addition to the.primary
z';;'mtona,ﬁpmducing such muclides. If this is o0,
one would expect this effect to be less pronounced,
1f it exists at all, at 200 MeV.
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‘Fig. b.
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Effective cross-section as a function of
depth in an iron target at 1 GeV.

-In.recent weeks, several of us from Loe Alamos
completed ‘a series of irradistions at the Space
Radiation Effects. Lab (SREL) 600-MeV proton synchro-
cyclotron in Newport Rews in cooperation with a
group from Idaho Falis. One of .the main objectives
of these experiments was to elucidate such thick-
target effects as a function of scattering material

.and.size, and beam energy. Data were taken at 300
"MeV and 600 MeV,

In addition, thin~-target data
were obtained for several target materials, and
these should provide a good check for our cross

: gection calculatione. .

Getting back to the deta shown in Fig. 4, 1
should also be noted that after the initial btmildup,
the effective croes section falls off exponentially.

.Since we are not sure how to handle this buildup

effect at the lower energies, let us parametrize the

.data by ignoring this effect, and assume a simple

exponential behavior of the effective cross section




!
i

with depth - - an approximation which is, if any=
thing, generous to BLIP. The resulting parametriza-
tion of the daia is given by

e-mx/s.

[+} - O
eff [

Here, oo is the cross seciici ot tihe front surface,
vhich we assume to be given by our thin-target cal-
culations. The depth, x, is in go/em® and the inci-
dent beam energy, B, is in MeV. Admittedly, the
simple energy dependence assumed here is based on
data taken at only two ssparate energies (1 and 3
GeV) plus the known trivial dependence at zero
energy; however, our data taken at SREI- at 600 MeV
and 300 MeV should provide valuaeble sdditional in-
formetion on the erergy dependence.

The relevant factor in calculating the yieid is
the integral of oeﬁ’ up to the thickness of the tar-
get (t = thickness, p = density). We thus obtain e
thick-target factor given by

pt
K(E) = f T e = 10 )

What do we choose for the target thicknmess p t? A
choice #hich, obviously, would be generous to BLIP
would be to set p ¢ equal to the range of 200 MeV
protons in the target. As given in the Brookhaven
report,s the range in ruthenium metal is about 35
gm/cm’®; and this is about right for copper and alum-
irium also, 8o let us use it, We thus end up with
a thick-target factor advantsge for LAMPF of

K(700) _ 700 (1 - e70-%%)
-1-75)

k(200) 200(1 - ¢

= 1.7,

We can now put ell three of the critical factors

together for a yield comparison:
Y, (aa) = 1 oo(E,M) X(E),

Y., (A

=3)
. = = . .60 - - .2,
Ry1p i%mj (2.2)(0.60)(1.7) = 2

Y., .. (4a=8)
R = Yleg-g—-(m - (2.2)(2-0)(1-7) = 7-5'

The subscripts BLIP and IAMFF for the yield ratio, R, -
correspond to AAw3 and 0A=8, respectively. Thus, if. -

one chooses a target which is equal to the range of
protons available at BLIP, IAMFF will outproduce
ELTP by a factor of about 2 to 7. We should point

“the bean will pase through: three. :uch tnrgetn ind} g

sut here that the LAMPF beam will lose about 30% of
its intensity and about 50 MeV in passing through
such a target. Therefore, after passing through
three such targets, the LAMPF beam will emerge

with about 500 MeV energy and about 150 uA inten-
sity, vhich is atout equal to the total ELIP
facility.

Although we feel that this analysis is certaine
1y & feir one, perhaps a specific example taken from
the Brcokhaven :re;:t:a"z‘-5 would provide additionml
evidence, In Table ITI of the Brookhaven report,
which is reproduced below as Table I, the ylelds
from & rutheniun target at several energiee ere
given for products with MM = 3, 6, 5, These cal-
culstions are bas:d on the Rudetam formla, as wvas
all of the preceeding amalysis; however, the thick«~
target effects ere treated rather differently here.,
Although the predictions at each energy are made
assuming e target thickness equal to the range of -
protens at that energy, a comparison of the 200 :
MeV and TOO MeV resulte ie made later in the:u_'
report for targets of equal thickness. Thue, the
total yield Tor LA = 3 at TOO MeV is gs.ven n 1.9‘52'
times that at 200 MeV; hovever, for a f.uget of i
35 go/em® thickness, the yield a,t TO0 HeV is
about 20% x 1.952 av 40% that at 200 MeV." Ir one
then multiplies by the beam 1ut.ens1ty nctor
{400/180 = 2.2), one finds that the yiela expe-
from only one such terget at LAMPF is about 90$
the total yleld from BLIP, “Tbis comparisin is
for 8i = 3, vhich is most favorable for- BLIP, and, o
although it is considerably smller than the" ﬁ.g S
ure of 2,2 ottained in our analysis, ona is: never-
theless led to the same 1nuespuble oonclusion - -_., :
viz., under no conditions will BLIP: produce ‘greater .. -
quantities of any isotope than TAMPF, - This is par~
ticularly obvious vhen one remenbers that at: TAMPF

then emerge with the: approﬂ.nte poteutnl i’or
producing :llotopes that is contained :ln the totn:l
BLIP facility. o

that for LANPF. However, if thc destired product
has &A = 9, thea the contamination for BLIP is about



six timee that for LAMPF. The advantage depends on
the value of &A for the desired product., Clearly,
one cannot expect to find e suitable target within
three mass units of even most of the desired prod-
ucts.

Let us summarize our resuits for the total
facility comperisons, taking the case of &4 = 3,
which is most favorsble for BLIP:

TARLE I°

EFFECT OF ENERGY OF THE RELATIVE ACTIVITY PRCDUCED

IN A RUTHENIUM TARGET FOR THREE ISOTOFES OF A GIVEN
FPRODUCT ELEMENT

(Hoimalized to the 200 MeV induced activity of

mass 97)
Initial
Energy
{MeV) L Ap = A=3  Ap = A6 Ay - A=)
100 0.949 0.280 0.035’ 0.005
200 0.809 1.000 0.236 0.064

225 0.778 1.097
300  0.654 1.392
oo 0.512 1.646
500 0.391 1.819
600 0.293 1.914
700 0.220 1.952
800 0.160 1.942 1.127 0.695

[1f is the fraction of original beam intensity re=-
maining (after miclear interactions) when the energy
has been reduced to 50 MeV.]

R;g;l =220 +.7+ (.7)23 +1 = 5.8 (our calcu~

lations).

In this equetion, the three critical factors re-
sulted in a LAMPF sdvantage of 2.2 for a 35 ga/on’
target. Three such targete (with a 30% drop in
hean intensity after each), plus remaining beam
characteristics at least equal to the potential of
BLIF, add up to give a total facility advantage for
IAMPF of 5.8. If we choose 4A = 8, this sdvantage
factor Jumps to 20. Using tke results given in
Table I (from the Brookhaven report), together with
the intensity factor of 2.2, one obtains a total
facility advantege for IAMFF given by

n;?;l = 1.952 {2.2) = 4.3 (Erookhaven report).
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Either 5.8 or k.3 - - take your choiee - = in either
case the tigure represents a minimm advantage for
LAMPF. The maximum edvantage factor for LAMPF is
something like 20.

To put all of the preceeding analyses in more

.concrete terms, let ue compare the yields of e

representative 1ist of radicisotopes for a one-
year operation of both facilities. This is shown
in Table II below. The scheduling assumed for BLIP
is based on the assumpticn that the product of tar-
get thickness in gm/cm® and the irradiation time is
proportiomately the same as for IAMFF. Heir=, t 3

is the irradiation time for & single target of a
glven materiel end (malt) is a multiplier which
glves the mmber of such targets irradiasted during
the course of a one=year operation. For LAMFF

ve have assumed six l-inch targets being irradisted
simiitaneously, vhile for ELIP we have assumed one
target of 35 gn/af thickness being irred:-“ed at
any given time. We should emphasize that these
are realistic yiclds in that we have assumed targets
for each facility that can withstard the thermal
and radiation enviromment. Furthermore, the loss
in beam intensity in going through each IAMFF ter-
get is accounted for in an aversge wvay. The decay
of activity during processing, packaging, and
shipment has not been included in either example,
nowever. The resulting product ylelds demonstrate
concretely the cleur wuperiority of LAMPF. For this
particular example, the LAMPF ylelds range from 2
to 8C times the ELIP yields. Although the particu-
lar production schedules choden for this example
are certainly arbitrary, they are nevertheless fair
and representative.

Fimally, wve would point out that many of the
predicted ylelds advertised by Brookhaven are une
realistic. One glaring example is taat of '°°I - -
a most desirable product. As you may knov, boti
LAMFF and BLIP plan to produce *??I by first pro-
ducing *>Xe and alloving this to decay to **°I.

By such techniques, the purity of the deaired prod-
uct 1s greatly enhanced. While we plan to use a
lanthanum target, Brockhaven uses in their calcula-
tions a Csl target, which has questionable stability
under the intense radiation corditions to be en=
countered. The cross section.-for the production of




TH4BLE IT
ONE YEAR PRODUCTION (F SELECTED RADIONUCLIDES

LAME? ELIP
Product  (t, :2) Target E(:alt) Yield t, (malt) Eid.
264 (7.40%) s 1m0(12) 130 uCi  0.05% yr T3 uct
3251 (~500y)} (3.7 mCL [ 46 301
2y, (3y) } v Imp(12) { 30mCi 0.240 yr {3.2mCi
Mgy (47 y) 120 mCi 20 mC1
Tta (18 1) [ 5.9 ket [ e o
34e (280 a) } as wk(52) 4 6.9 ci  1wk(6.864)41.2 ci
Tse (8.4 a) | | 11301 | 43 xot
83gy (83 a) - [ 310 c1 (37 c1
825, (25 a) Zr 1mo(12) {390 €1 0.150yr {35 Ci
8, (107 ) 350 cCi 150 ©1
123; (13m) ( 27 xet .64 k01
Ia 1wvk(52) 1wk(7.384)
Bpa (2.42 ) 1.2 kC1 85 c1
1T (~ ¥) Te. no(la) 15 o 0.382yr 1.1 ¢4

433y from the *371 in CeI ia given experimentally
as 8 mb. Lot us assupe that the cross section for
the production of 3°Xe from the *33Cs in CsI is
essentially the same as the measured cross section
for the analogous reaction, 27I(p,2p,9n) **7Te
nimely 50 mb.| Using & target of 35 gw/cs® thicke
nevs, ve ther obtain a yield of 87.k cifday of *“°1
for the ELIP facility. This figure is to be come
pared with an advertized® yield of 800 Ci/day! How
can we reconcile this discrepancy; First of all,
the Brookhaven group used calculated cross sections
of 30 mb from Cs instead of 50 mb, and 220 mb from
I instead of 8 mb. Secondiy, they apparently used
the density of pure Cs (1.56) instead of the partial
denaity of Cs in CsI (2.31), and the density of pure
I (4.93) instead of the partial density of I in CsI
(2.20}. If we "correct” our calculated yields by
these factors we then obtain

(co) 7h.9 x 3§ x%{%g -

(1) 12.5 x%"-xg-:%- 70
apparently accounting for the noted discrepancy.
We should point out that the daily yleld of “**1

808 C1/aay,

" from a single lanthamm target can be as high as

150 Ci at IAMPF.
We have shown, by several Aifferent objective

- comparisons, that from the standpoint of yield

alone, IAMPF is clearly superior to ELIP. This
conclusion is based on our ovn independent analysis
contained herein as well as from results eontdned
in Brookhaven's report
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Presentation 3
PROPOSED TARGETING SYSTEM AND LASL HOT CELL AND RADIOCHEMISTRY FACILITIES

By

B. J. Dropesky

I would like to first describe the system we
are proposing to use for target insertion, target
cooling during irradiation, and target remova® for
an isotope production facility at LAMPF. 1It's nec-
essary to appreciate the conditions expected to
prevail at the main beam dump. With all the meson
production targets in the beam we still expect 0.4
to 0.5 mA of 700 MeV protons over a circular area
about 6", down to possibly 4.5", in diameter to be
impinging on the final target or beam stop. The
rate at which these protons lose energy in passing
through target material, i.e., dBE/dx, varies from
about 1 to 2 MeV per gram/cm® for high to low atomic
number target elements. This means, for example,
that if 1" thick targets of the metals, silicon,
niobium, and tantalum, are placed in this proton
beam, the energy deposited as heat would be about
5 kW, 14.4 kW, and 23.8 kW, respectively. Obviously,
with such ve:> substantial amounts of heat imparted
to targets, provisions for cooling will be essential
in order to prevent melting.

Water cooling of targets is the most efficient
and practical means. Rim cooling has been investi-
gated and found to be suitabie only for very good
conductors of heat such as copper, for example.

For most target materials, face cooling - - that is,
flowing a thin layer of water across the front and
back faces of a target disk - - will be necessary.
For the range of targets mentioned above, only 1 to
2 gallons/minute of water flow is required to re-
move the large amounts of deposited heat and ‘

. water flow,

maintain the targets at a moderate temperature.
Figure 1 illustrates a thin walled target cell con-
taining a 1" thick target of vanadium and 1/8" thick
cosling water layers flowing over the front and back
surfaces. Under the given irradiation conditionms,
11.8 kW of heat will be deposited in the vaaadium,
water and stainless steel shell, and at 2 gpm of
a reasonable temperature rise will be
observed in the water and the central temperaturs
in the target disk will be modest.

0f course, the use of water for cooling these
targets presents some problems, namely the racia-
tion dissociation of some of the water molecules
into oxygen and hydrogen and also the produci:—ion‘
of radioactive nuclides, primarily by proton reac-
ticns on the oxygen nuclei. Because of this, the
water layers should be kept as thin as possible.
The water directly in the proton beam will become
highly radioactive due to the production of-?l-_uc
1%, 124-sec '50, 9.9-min !3N, 20.5-min '!C, 53-day
’Be, and 12.3-yr °H. Therefore the water lines
must be well shielded and the entire contaminated -
system mus be an isolated closed loop. There are . ;
several such systems, including recolb:lncn for
the 0; and Hz, to be provided at the LAMPF beam dlq:
and our cooling lines would tie into one luch system.

Figure 2 shows a version of a typ:l.cal vater-
ccoled target enclosure that would be couplcd to" chc
end of a horizontal stringer to be used to :lnurl: :
the target into the proton besm.
conaist of 1/2" metel platei, which, for varioua

e

Here the targo_to_% SRS
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Fig. 1. Typical targe’ parameters.

may be preferable to using & single 1" thick target.
The thickness and number of targiet disks could be
varled considerably, dependiig upon the physical
proparties of the metal and «n the desired rate of
prodaction of the useful radionuclides.

Figure 3 shows, somewhat schematically, an
overall plan view of the propnsed isotope production
facility at the LAMPF beam duip.
ton bz2am, transported from th: experiuental area,

The residual pro-

leaves its vacuum pipe just aliead of our production
station and enters a fairly missive water-cooled

beam stop just behind the production station.

Shown, in variocus positions ave six ~26' long string-

ers of rectangular cross section (maybe 10" high by
2" to 3" wide) guided im channels through the 10’

of stzel and 15 of concrete that make up the
shield wall, These stringers would probably be made

-t
| 1T
R e

I
] -~ ™~ | waTen
— c / \ our
BEANM ’ \
(s 01a) \ + /T
-—tp
5‘ /
~ -~ et
B N N\ A o
i:‘INIClt NETAL —N LCNLING WAVER
TARGETS STAIYRESS STEEL CELL
Fig. 2. Targst enclosure.

16

TOCLITAG WATTR COMME SAMCE

F

Fig. 3. Plan view of isotope production area.

of hollow steel or Dural channel through which the
cooling water lines, gas lines, thermocouple cables,
etc. would pass and then which would be filled with
shielding material such as iron ore or steel shnt.
The number of channel slots for the target stringers
was chosen to be six, for the full production facil-
ity, since such a number provides for maeximum flex-
ibility in choosing the optimum location for a given
target-product combination.

Just outside the shield wall is a shielded
trench where simple remote operations can be performed
on the ends of the stringers; operations such as
commecting and disconpecting water lines, coupling
or uncoupling the target chambers, etc.. A simple
d0lly system operating in this trench will provide
a means for conveying a2 highly radioactive target
to a shielded cask for shipment to a hot cell for

Disconnection and removal-operations isotope:-
production facility.

Fig. 4.




processing. Rather than providing costly lead glass
windowe through whichtto cbserve these remcte oper-
ations, inexpensive periscopes are proposed for the
jeb.

be provided for the stringers to retract into when

A mating set of target etringer channels will

a target chamber is to be coupled to or uncoupled
from a stringer. This set of channels will need
ouly light shielding except for the trench end.

burled cooling lines and a shiclded valve gailery

are shown on the recirculating water ccoling system.

Only

We intend to develop at least one target cell, pro-
bably ueing cerium or lanthanum as target material,
for producing 2-hr'?3 Ze which will be swept with
helium out to a processing unit where its decay pro-
duct, 13-hr 1231,, would be separated.

Figure 4 is shown to 1llustrate the rather sim-
ple method proposed for performing remote operationsn
The left view
of a section through the trench shows a stringer all

on either end of the target stringer.

the way in so that a target is in the proten besm.

A plping manifold, with flexible cuvoling water linns,
is shown connected to the stringer. After the de-
sired duration of target irradiation, the stringer
would be retracted about 3 or 4 £t. to a cocling
position and the cooling water temperature would be
monitered until it shows that self-heating of the
target by the B-decay process is negligible. Then
working through a shield of about 18" of steel, and
after the water lines have been blown out with air,
an operator would unbolt the piping manifold with
long uncoupling tools. The stringer would then be
retracted completely until the target was acceasible
for uncoupling with another set of tools and lowered
onts the dolly.
and long irradiated target may build up as much as
10,000 Curies of activity snd that 18" of steel
will provide adequate shielding for the operator

Wz estimate that a single massive

above.

BLIP
Proton Energy ~ 200 MeV
dE/dx (¥eV/g/cm®) 3.0
AE = (dE/dx)x 8.92 g/cn’ 26.8 MaV
Erergy deposited = nA x MeV 1&0 x 26 8= 4824 wlt:s
Beam Diameter 2.0 ca et
Target w1une in beam 3, 14 o’ '\‘

Energy density

.‘ ) 1536 wattllc-

s e A S TSR T AT I T

The lower sketch in Fig. 5 illustrates how an
irradiated target chanber, after being moved on the
dolliy to just below a slot off to the side, in the
steel shield, is picked up with a long set of tools
and drawn up into the bottom loading cask. The
upper sketch merely shows a target stringer in the
irradiation pceition and also indicates how the ouc-
ward movemant of the Marvimac sliding door wili re-
sult in -preventing access to the trench, We anti-
cipate no real prcblem here since the Msrrimac door
would be opened very infrequently and only whan the
accelerator is off and after our targats had been
retracted to the cooling position or removed to the
hot cells.

The proposed target enclosure system is obvious-
1y very versatile and should allow us to consider a
wide variety of target schemes, for example, metal
powders of high melting elements {for sase of dis~ '
solving), composite metal .argetl such u buds of_
poor heat conductor utar:l.al in a nltr:i.x of good
thermal conductor, nlny ‘thin unl dila wis:h nry
thin water films betwum thu, and avcn low -eltin
~.tals having low vapor '\ﬂslures sad’ hi;h boiling
points such that they csn be allowed to*nn’

40i6 vattaren?



Fig. 5. Flevation views of target removal details.
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' Chemistry-Metallurgy Building.

.rig. 7. Operating faces of a set of 4 hot cells.
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Plan view of hot cells leocated in the LASL

This extremely high energy density for the BLIP
case is about 38 times higher than the modest value
in the LAMPF czse and suggests that some difficult
targeting problems exist for the former. For a tar-
get of copper, which is an excellent conductor of
heat, the central temperature in the BLIP target will
probably not exceed 100° C, with efficient water cool-
ing of the front and back face. waever, a target

1/10th the ther-

mal conductivity of copper and a low melting point

of lead, for example, which has

(327o C), would undoubtedly melt, intermally, and
thermal expansions would be severe. Of course, a
BLIP target of I cm thickness would, as they have
indicated, be made up of several thin "poker chip"
disks with ~

past the front and back face of each.

2 mm layers of cooling water flowing
However, this
inerease in the number of water layers in the proton
beam ~esults in a higher production of undesirable
radioisotopes in the.cooling water and a lower pro-
ducticn of the desirable radionuclides in the target
materials.

This relatively high energy density that will
prevail under the BLIP targetingz conditions also
causes one to question the feasipility of using
some of the target mateti 1s they have proposed for
making various product is otapes. Some of these
materials, such as phosphorus, iodine, and mercuric
chloride have very low melting‘and boiling points,
and iomic compounds, such as strontlum brordide and
cesium iodide, can be expected to undetgo severe
dissoctation to their elemente under intense proton
bombardment.
could be somewhat eased at BLIP by blowing up the
beam diameter, which they will pfobably find neces-
This would somewhat defeat theilr stated

Of course, thegg targeting problems

85Ty to do.
objective of producing the desired radionuclides in
as vmall a mass of target material as possible, pre-
sumanly to minimize the scale of the chemical proces-
sing. Since we are proposing to recover for use

only radioisotopes of elements other than the target -
element, and with no carriers of these elements
added, then the specific activity of fhe :écoveted

products would be the same whether we procqqsed a

‘10 g target or a kG target. Anyway, even ugth our

target rooling problems at LAMPF, which are much
less severe than at BLIP, we are proposing to use.
only metal targets, at leasf initially. With the

'highet ptatan enetgy available we can gEfard to be

B




more selective of target materials that have favétf
able physical properties, even if they are "'_furthe'i; '

removed from the products we wish to make.

Now I would iike to discuss the questﬁin of wﬁilt

facilities we have or wiil have and what c\liemical ;
competence exists at LASL to process t!lesé';highly
irradiated targets. Regarding hot dell fa\éilities,g
Fig. 6 shows a plan view of an array of e]“._éborate\
hot cells located in the LASL"C!;emistryel'feFEallurgv
Building, a few miles from LAMPY, %
are each capable of containing nomim;lly 30 000
Curiles (but ac:ually 50-100,000 Cur:l.es) of gamma
activity. The B cells to the left; are p‘t..septly
committed to use for detailed testing of 1;radiated
fuel elements from the Fast Flux Test Pa..ili_l;y {cen~
ter of the national program to dewelop rfast flux

breeder reactors). One of the other 8 cells 1g' used

for studies on irradiated plasma thermocouple devices.
The remaining 7 hot cells are used intermittently for

post-mortem operations and measurements on nuclear
rocket engine (Procject Rover) fuel 2iements after
test runs in Nevadg.
the operating faces of ‘a set of 4 of these hot cells

Figure 7 18 a photograph of

showing the completeness of this facility.

Dr. R. D. Baker, head of the LASL Divisison
operating this hot cell complex, has stated that, as
far as he can foresee, some of the 7 zelle for Rover
work would be available, oun an intermittent basis,

for initial opera.t:lons.on the highly radioactive tar- -

gets from LAMPF. In other words, those targets that
are designed to produce large amcunts of the ldng-
lived products of intereet and, ﬁherefore , would be
in the proton beam for many weeks or months, could
be disussembled, dissclved, and aeparated into dif-
fereaut chemical fractions which then could be dis-
tributed to smaller cells for purification. It
shoulé be no problem scheduling such target proces—
sing when these cells are availaple.

Actusally, there is a pair qf large, multi~-
station 10,000 Curie hot cells ﬁuw under construc-
tion in the so-called Merrimac Service Area of
LAMPF. Shown to the leoft iz Fig. B are three lead-

windowed operating stetiona of the large hot sell to

be usei for servicing activated meson production
targets, beam tranaport mognets, ete. To the r:lght'
of the cell can be seen two windowed statioms of

the four that make up the nuclear chemistry hot cell.
Two stations of this cell will be used primarily for-

some of theae hot cell fac:ll:lt:les for the 1aotope

the initial proceasing of. rot
1nvo:1ved in the nuclaar ,_hem;L c 2
program. The. othet twc statim'wuld be availahle
for the cherrical processing of t&tgeta ftom the
proposed 1aotope ptoduction facility. )

. In 1962 a' hot cell ‘Wing was added to the LASL
Radiochem:!scsry lniaoratory. Figu:e 9 shows a lay-
out of this wing. mith ite 12 lmi lgvel hot cells,

r‘cadiated argets

. each desigried to. ha.ndle 200 Cu:l:i,es of gamma activ-
These 16 hot cesls ;-
taining Z
"',m bullt for radiochem:lcnl post-mortem diagnostic

ity, and the large disp"naary bay capable of con-
thousana Curies of activity. The wing

work on Rover Fuel elements and has been used pre~
dom'nantly for this projectp However, as the Rover
program has been trimmed b(cl. to less frequent

tests of nuclear rocket engines in Nevada, thesé:
cells have become avulan e for intermittent’ usg
on other projacts. l‘his,- facility would probably . ,
be ideal €or an isotope ﬁréduction processing plant’
in whick to dissolve irradiated targets, to-dié-’lé.i

tribute .the chemical fractions to separate 1o
level céils for purification, and tc &darure oGt ’
and bottle the pure radiocactive fractions for o~ '

ghipment. But, of course, no such conimen: of

this facility for this purpose is poal;ble at this

time. Hwever. br. G. A. Cowan, head of the Radio-
chemistry gr;oup, has’ said th-t internittent - use 2

produetim project is clearly feasib.!.e.

The néxt few figures are included to 111ustrate
the completeneas of this Radiochemistzy Hot cen Dy
Facility. Y.I.gure 10 shows the cort:ldor, betweetf
the 12 low Level: cells, through which lhielded S
cnsks containing highly radicsctive fuel’ eletlents .
are tra.nspprtad to the dispensaty bay fo. re-oval 2 5
of the. "hot" 1tema In Fig. 1 can. be"-seen the '

Tav
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Fig. 9. Layout of the Hot Cell VWing of the LASL

Radiochemistry Laboratory.

At this point I wish to emphasize anoiner as-
pect of the business of chemical prucessing of ir-
radiated targets and recovering, in pure form, the
spallation radionuclides of value. 1n the LASL
Radiochenistry group exists a rather formidable
ameunt of radiochemiczl expertise and experience.
This grcup has done all the radiochemical diagnostic
measurerents on LASL's nuclear devices (atmospheric
and und:rground tests) and the nuclear rocket engine
#uel elcments. I think the book of 'Collected
Redioch :mical Procedures” (LA-1/21, 3rd Ed.) put
out by -his Radiochemistry group 1llustrates my

point. Figure 15 shows the table of conteats of

n

Fig. 10. Corridor between the 12 low level cells.

this book and lists separation and purification pro-
cedures for 45 individual! elements , plus the 14
rare earch elements and the 14 actinide elements,
or a total of 73 elements covered; a rather large
fraction of the known elaments. 1 do not mean to
imply that this group of about 30 chemists and sup-
port personn2l could shift from the important work
presently being done to work on an isotope produc-
tion program, but it is obvious that the existing
axpertise would be available to any group set up at
LASL to develop an isotope production capability.
Before finishing, I should like to mention
something about the measurements being made rela-
tive to the target irradiations obtained at SREL.
These experiments, which were briefly discussed in
the previcus presentation and will be outlined in
more detail in the next presentation, call for
precision measurements of all the gamma-emitting

spallation nuclides produced in a wide variety cf



Fig. 11. Operating face of Dispensary Bay.

target elements. The target foils, of vanadium,
arsenic, niobium, molybdenum, tantalum, lead, and
bismuth, most of which were bombarded with 500 MeV
protons, but some of which were irradisted at 300
MeV, were quickly returned to the LASL Radiochem-
istry lab for the measurements. The number of pro-
tons each target was exposed to was determined by
the conventional method of activation of alumin:m
and carbun beam-monitor foils. High resolution Ge
(Li) gamma~ray spectrometry, followed by computer
stripping of the gamma spectra, has been used to
identify and to measure the yields of most of the
spallation-produced radionuclides in the low and
medium atomic number targets. Radiochemistry was
required, prior to gamma spectrometry, for the high
atomic number targets; for example polonium, bismuth,
lead, thallium, mercury, and gold elemental frac~
tions were separated from the bismuth targets. Some
of the heavily irradiated targets will be used for

investigating various isotope generator systems

A standard containment box in one of the
low level cells.

Fig. 12.

involving some of the potentially useful long-lived
spallation nuclides, such as 5-y !72Hf which decays
to 6.7~d !7?’Lu and 280-d %%Ge which decays to 68-m
5%Ga.

lease, as a function of temperature, of xenon activ-

Measurements are alsc being made of the re-

ity (namely, 36-d '27Xe) from irradiated targets of
various cesium and lanthanum compounds, in connec-
tion with a proposal to produce '?3Xe, sweep it from
the target with helium, and collect the decay pro-
duct, 123y,

In summary, I would say that we have develcped
a feasible system for introducing targets into the
LAMPF proton beam, for cooling them during irradia-
tion, and for removing them to shielded containers
for transport to hot cells. Clearly, we have sub-
stantial hot cell facilities at LASL for handling
and processing the irradiated targets, at least on
an intermittent basis and, depending upon future
program schedules, possibly on a very regular basis,

We have all the chemical and hot cell exrirtise
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chemical Procedures" (LA-1721, 3rd Ed.)

level
Fig. 13. i:iisscale use of a set of low lew needed for deveioping the procedures and carrying

out the chemical separations and purifications of

the desired radioactive products from the targets.
From the bombardments a: SREL we expect to learn a
great deal that will be of direct benefit in plan-
ning for isotope production at LAMPF.

Fig. 14. Remotely controlled electric railroad.




Presentation 4

RADIONUCLIDES FROM LAMPF:

by

YIELDS AND APPLICATIONS

H. A. O0'Brien

I. INTRODUCTIGN
In the present section, specific radionuclides
are discussed, including their decay properties,
probable areas of application, and, in selected
cases, projected demands. As pointed out previous-
ly, the spallation process results in the formation
of both neutron-deficient and neutron-excess nu-
clides.
ducts can be discussed here.

of this list should not convey the idea of a lack

Obviously only a few of the possible pro-
However, the brevity

of interest in other products; but, inatead, this
list should be considered as a representative sam-
ple of the range of producta that can be prepared
in LAMPF.

The "probable areas of application” were deter-
mined from a consfideration of the past or present
uses of other isotopes of the same element, and
from the fact that the products listed here represent
major improvements in terms of availability, decay
characteristics, and/or isotopic purity. In many
instances, areas of application were identified
through direct communication with potential users.

To arrive at projected demands for specific
products necessarily entails a certain degree of
speculation, and in many cases cannot be predicted
A Priori,

A case in point is that of qquc, which, when
first introduced as a possible brain scanning agent
in 1964, was of unknown potential value., Yet within
two years of i:is introduction, it surpassed, in num-
ber of patient administrations, all other isotopes
used in brain scanning.1 The widesprea; use of
this nuclide in medicine today is attributable pri-
marily to the new tagging procedures that were de-
veloped since its introduction, and even the most

farsighted scientist involved in 1its early

development falled to adequately predict the cur-
rent prominence of this nuclide in medicine.

In those cases where projected demands for the
nuclide in question are made, the annual demand is
estimated on the basis of: 1) current use of other
isotopes of the same element; 2) present doses of
that nuclide in clinical evaluation studies; and/or
3) projections of scientists in the field of appli-
cation. Care was taken to insure that these esti-
mates are conservative. The important conclusion to
be drawn from these projected annual needs is that
the LAMPF production capability is amply justified

in these cases.

II. RADIONUCLIDES FOR MEDICAL APPLICATIONS

A representative list of nuclides that are ex~
pected to be useful in medicine is presented in
Table I. The yields given in this table and through-
out this communication are based on the assumed
conditions: 750 MeV protons; 1/2 mA beam current; a
1 in, thick target.

In those cases where the primary radionuclide
product discussed herein is cbtained directly from
spallation reactions and not from an isotope gene-
rator system, it is well recognized that such a
product will contain an admixture of isotopes of
that element. The degree of isotopic "contamination"
can be manipulated by varying the bombardment time
and the subsequent decay time. However, the success-
ful use of each of these products in the application

stated must be demonstrated experimentally.

A. Gallium - 67

Investigations of the posszible medical appli-
cations of gallium radionucliides were begun in 1950
using low specific activity 726&. Batweer 1951 and
1953, 67Ga was studied, but the rocognition of its
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utiiity was hampered by poor instrumentation. These
8Ga be-

came available. Then in 1968, 67Ga was again stud-

studies were discontinued until 1961 when s

ied, but this time with a rectilinear scanner.2

Although the originzl aim of these studies was to
develop a new bone scanning agent, 67Ga was dis-
covered to localize in a variety of lymphomas, a
truly spectacular breakthrough in locating such
tumors. Since tha! time, clinical trials have

confirmed the value of 67Ga for this application.

3,4,5.

This nuclide decays entirely by electron cap-
ture with a total of 10 gamma photons sssociated
with 1ts decay. Of these gamma photons, three are
prominent [0.296 MeV (22%), 0.184 Mev (24X), and
0.093 Mev (402)] - all within the energy range
of conventional scanners. The 78-hr half life is

convenient for shipping, but not too long to

preclude its use on a routine basis. Since other
radloisotopes of gallium have much shorter physical
half lives,

reactions in a radiochemically pure form.

Ga can be produced via spallation
The most significant advantage of 67Ga-c1trate
'ty 1ts selective concentration in soft tissue tu-
mors, when normal binding sites are blocked with
small amounts of stable scandium. Heretofore, no
soft tissue tumor scanning agent was found to be as
effective. As a result it is anticipated that this
agent will become the diagnostic agent of choice
for a variety of suspected cancers: a) breast;
b) lymphomas; c¢) head and neck; and d) cervix

and uterine, in which the soft tissues are involved
to a major extent. Having the means for locating
non-palpable, deep-seated tumors will allow for a
more judicious choice of the mecde of treatment,

such as tailoring the radiation therapy depending

TABLE I
RADIONUCLIDES FROM LAMPF OF INTEREST IN MEDICINE

(Assumed:
Product Daughter
6Taa(T8 ) -
6Be(280 a) 633a(68 m)
T5e(8.4 a) T254(26 1)
Y2ar(25 @) 82r0(75 o)
83m(83 4) 83mr(2.9 1)
123¢e(2 b) 1231023 n)

oe(5 v) M20,(6.7 )

oy (47 ¥) Wiges n)

“2pr(33 ¥) “2y(12 n)
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T50 MeV; 1/2 mA; 1 in. Thick Target)

Production

Target Yield Comments

As 68 ci/a Soft tissue tumor
scanning agent.

As 320 sCi/wk Short-1ived pocai-
tron emittex for
multiple applica=-
tions.

)} 8.7 Ci/wk A nev arsenic brain
scanning agent.

Nb 25 Ci/wk Short-1ived Rb for
rapid dynamic flow
studies.

) 15 C1/wk Rb for muscular
dyatrophy studies.

1a a7 c1/a Lover iodine radia-
tion dose to patients
{g{o\m 1% dose of

I)

s 3 C1/mo General purpose
rare earth tracer.

v 25 mCi/mo Potential bone and
soft tissue scai-
ning sgent.

v 6 aCi/mo Established useful
K nuclide.



on the degree of tissue involvement and the deptz
of the site. In the cases of breast cancer, the use
of this dlagnostic agent may wels mean the differ~
ence tetween a radical resection of the breast and
proximal lymph glands or merely the removal of the
tumor mass from the bresat followed by radietion
therapy to the thoracic region.

A recent publication” zstimmted ithat the ex-
pected number of new cancer patients ia these fov
categories in 1970 wili total about 150,000, Clin-
ical trisls indicatz that a 2 miCi dose of O'Ga is
adeguate for mosi diagnostic purposes, with a mini-
mum of two doses per patien’c.T Hence, the potential
annual market for 6763 in cancer disgnoses alone is
projected to be 600 Ci/yr. Allowing for processing
and decay losser, the anmul production of 70a will
heve to be in the range of 9001200 Ci/yr to satiefy
this derand. This quantity is well within the anmwel
production capability of one of our six target stae
tions.

B. Galljum - 68

Up to the present time, positron emitting mu-
clides have been infrequently used in nuclear medi-
cine, partly because of a lack of suitable instru-
mentation to detect coincidence gasma photons and
partly because of the lack of genersily availabvle,
inexpensive nucliZes that decay by positron cmission.
The Anger positron camers now provides the capabil-
ity eof imaging coincidence events as well as of
selecting a plane of best focur, permitting radin-
igotope tomography with positron emitters.

Among the positron-emitting nuclides, ~ Ga pos-
cesses almost ideel perties. It is produced from
the decay of 280-d " Ge, and has a half life of 68
min. Moreover, 88% of the decay of 680. is by

positron emission vwith fev non-annihilation gamma
photona. Hith the development of new compound tage
ging procedures in recent years, this muclide may
well become a valuable diagnostic tool, the devel-
opment of vhich will be dependent on its general
availabllity. No projections of anmsl use have
been made for this muclide; hovever, the 6800 pro-
duction rete of 320 mCi/wk in LAMPT is expected to
be adequate.

A recent stuldy using Gam-hbcled iron hydro-
ride particles in conjunction with an Anger positron

oamera suggests that perfusion tomograns will have
great value in accurately determining the size and
location of perfusion abnormslities in the :Lung.g

C. Arsenic - T2

The evailability of positroneemitting, 26-n
72“ should stimulate ths development of brein
tusor localization by coincidence counting techni-
ques, especlally since it can be "milked" from its
8.4-d parent, '%se. Hence, the daughter would be
available with a useful shelf life equal to that
of 1ts parent. In comparison with 18-d "'As, the
T2\s has a shorter half 1ife and exits about three
times a8 many positrons per 100 decays, resulting
in greater detection efficiency. Also, 32% of the
dscay of T'As is by negatron emizsion, vhile '2As
decays ertirely by electron capture (< 30%) and
positron emission, resulting in a lower total body
dose to the patient. The rate of TaSe production
in LAMPF is grester than 8 Curles per week.

D. FRubidimm - 82

A very short lived ('1'1 jo" T5s) isotope, Bzﬂb
would be of wvalue in repeated, rapid dyramic stud-
ies, such as cardiac output messurements. It can
be "milked" from a 25-day parent (Sr) that is
producible in high yield (26 Curies per week). This
rubidivm isotope dacays 95% by positron emission to
stchle %2kr, and could be follewed in the body
either by coincidence counting or by observing a
single 511 keV gammm photon.

E. Rubidius - 83

At first glance it sppears as though the Skr
daughter of ssﬂb possesses ideal decay properties
for miclear medicine spplications. It decays en-
tirely by iscmeric transition to stable S3xr, and

has a relatively short l.U=ht half life. However,
the most emergetic gamma photon emitted is only

32 uvé vhich is highly converted. On the other
nand, 3N bas been useful in muscular dystrophy
ntuﬂiel.m Although it posscsses s longer physical
half 1ife (83 days) then 33-a S'Rb, SR 1s more
desirable becguse of ite pure ~lectron capture de-
cay.
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F. Jodire - 123

The most important isotopes in medicine today
are those of iodine, as witnessad by the fact that,
of the 5 million administrations of radioisotopes
to patients in 1966, over 3.3 million {66.5%) were
of iodine 1soto_pea.1 Because of this widespread
usage in éiagnostic applications, there is a great
demang for 1231 as it would reduce the radiation
dose to the patient to 1% that of YSII. Thie dose
reduction is of extreie importance in pediatric
and maternity cases.

The present amount: of 1311 administered per
patient for diagnostic purposes depend on the

organ being studied (=.g., 35 uCi for thyroid, 150
wCi for liver, and 300 uCi for kidney).n A conser-
vative estimate of the average dose of 1311 is 50
uCi per petient.n Further, it is assumed that the
average amount of 1231 given per patient would be

5 times that of 1311 to obtain better scan images,
This quanvity times the number of iodine administra-
tions in 1966 (see above)} results in o projected
annual demand for 8C3 Curies of 1231. This pro-
Jection does not include an estimate of the growtih
of patient administrations since 1966 nor of the
amount that would be used in pediatric and maternity
cases. To satisfy this projected demand, the annual
production of 1231 would have to be between 3 and k
kilocuries pes year.

During the paest few years, 9'9m'1'c has become
more prominent in medicine and, in certain cases,
has replaced 1311 as the isotope of chocice. How-
ever, only iodine is recognized by the medical pro-
fession as giving an accurate thyroid function. 1In
addition, it remains the element of choict for liver
and kidney scans, and in cisternography, as a number
of 99"‘l’c-labelvzﬁ compounds are observed to rapidly
disintegrate upon injection inte l'mmua.7

Allhough 1231 has been made in rather large
quantities {a few hundred millicurie batches) at

Oak Ridge, the use of that product has been compro-
mised due to the presence of traces of 123&1 contamin-
etion. At LAMPF it is proposed to isolate the 2-hr
123)(1! from a lanthamm terget during bombardment and
subsequently recover the 1231 from the xenon. No
12!‘1 contamination would result as the 12th is
stable. However, 60-d 1257 would be present in the

product as a rasult of the decay of 17-h 125Xe. By
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limiting the bombardment time and tbz time allowed
for the decay of 2-h e, an 1231 product with
as little as 0.7% 2271 cowtd be produced. This pro-
duct would be acceptable to the medical profession,
n and would be a great improvement over what can be
produced at the present time. Because of the wide-
spread use anticipated for this nuclide, it is im-
peretive that it be made readily available on a
routine basis, which can best be achieved by the
continuous recovery system proposed at LAMPF.

G. Lutetium - 172

Evaluation of the medical potentisl of the rare
earth elements (Z = ST to 71) can be carried out
utilizing a 1"2Hf - 172Lu generator. The parent
(17251’) can be produced in LAMPF from a tantalum
target, and, with a half life of S yearr, would
provide a long-iasting supply of 172Lu (Tl o™ 6.7
days) for clinicel evaluation. Since lutetiun is a
rare earth element and hafnium 15 not, a practical
generator is feasible.

H. Scandiwn - 4}

Reported to be a bone seeker,l
vide localization of metastatic bone involvement
earlier than 1s possible utilizing rediographic teche
niques. This nuclide decays 95% by positron emis-
sicn and 5% by alectron captuie, giving rise to a
1.15 McV gamma photon per disintegration in addition
to the 511 keV annihilation gammas. Scandium-bk is
the daughter of 47-yr M‘I‘i , which can be nade in the
LAMEF facility at the rate of 25 millicur_es per
month. The long half life of the pareant is a signi-
Tlcant ecoromic attraction, and the half life, im.
aging characteristics, and chemical properties of
the scandium daughter appear attractive as an all-
purpose bone scanning agent. In addition, it has
been suggested by Woodard that scandium may be of
value for localizing soft tissue tumra.13

I. Argon - k2

The 33-Y uaAr, which can be produced in LAMPF

at the rate of 6 millicuries per month, decays by
beta emission to 12-=h and, hence, would be valu-
able to medical institutions as a continuous supply
of this short-lived nuclide. The medical uses of
hal( are well established, 14 and include, among
others, muscular dystrophy, blood flow, and myo-
mrcl:la].]‘5 Some medical people, who have

2 m‘Sc would pro-

studies.




TABLE II
PROPCSED NUCLIDES PROINCED BY SPALLATION REACTIONS AT LAMPF FOR USE IN MEDICINE

Product Target
uBCr Ny
52pe %60
83gr BT
12903 139 Ia
19"113 203'1'1
205m)

recently been experiencing difficulties in obtaeine
ing th ac 2 pharmaceutical, ere excited about the
possibility of obtaining the 33~y parent, ~ Ar, as
lthi.s vould insure a regular, long-term supply of
42!( essentially on demnd.l

A number of other muclides produced by high
energy proton reactions at LAMPF may be of value
in medicine. Table 2 provides information on the
physlcal characteristics, method of prepe.ratioxi.
and the possible medical uses of gome of these nu-
clides.

IIY. RADIONUCLIDES OF INTEREST IN THE PHYSICAL
SCIENCES

One of the unique advantages in ueing 500-800
MeV protons for isotope production is the wide dis-
tritution of spallation reaction preducts that is
obtained. As a result it is possible to prepare a
number of useful products simultanecusly in a single
target, as jllustrated in Tables I and Ilabove. This
high proton energy combined with the large beam

intensity available in the LAMFF enables up to 6,

1-in. targcts to be bombarded simultanecusly, result-

ing in the preparation of numerous radionuclides,
many of which are relatively far from the beta sta-
bility line.

Reaction Half-Life Fossible Medjcal Use
(p,4n) 23 hr. Substitute for 2XCr
in blood pocl and red
cell evaluation.
(p,2pbu) 8.3 hr Substitute for Fe
in rapid iron metaboe-
lism studies.
(p,4pTn) 33 br. Bone ng substi-
tute for 99Sr,
(P.:3P8D) 32 hr. Cardiac muscle
immging (? ewluation
of central tumor
necrosis).
(»,2p5n) 700 4 Generator for
(p,2p1on) 1‘”‘59 ricr-free, 39=hr

'Au_(applications
a8 198y gubstitute,
diagnosis).

Aluminum-26 (‘1'1 /2" Tx 10° y) 18 the only nu~
clide of aluminum with a half life sufficiently long
for use in studies of any extended iime, and, ac a
result, would be useful in chemical studies of alum-
inosilicates, organometellic compounds, and geo-
chemistry. In addition, it would be of value 3a
solid state physics, metallurgy, and oceanographic
studies. Although this muclide 1s currently avail-
able, the product has an extremely low apecific
activity and sells for $4:3,000 per uCi (before Nov.
ember 1968, the price was $1,000,000 per uci).l?
This nuclide decays 85% by positron emission and 15%
by electron capture, giving rise to 1.51 Mev (100%)
and 1.12 MeV (L4%) gamma photons, in addition to the
snnihilation photons. With the LAMPF production
facility, “ Al can be made at the rate of 26 uCi per
month, and the specific activity would be ahout 50%
of the maxirum value vecause of the simultaneous
production of 27A.'!.. This represents an increase in
specific activity of about 30,000 times that of the
current — Al product. As & result, it is antici-
pated that the demand for this new product will
substartially increase.

Another long-lived muclide that has no shorter-
1lived isotope suitable for extended studies in the
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TABLE I11

LAMFF RADIONUCLIDE PRODUCTS OF INTEREST FOR (Y,n) SOURCES

61’1’ Neutron

Source (Tl 12) marget Yield (m)f n/sec/ci x 10” Energy (keV)
12bg (60 a) - - 2.8 23
83! \107 4} Zr or Kb 250 2.9 151
206 -

B1 (6.2 d) {m Gh;lti. 15.3a 18 18
20584 (15.3 a) 180 1.5 89 (peak)
6co 177.3 d) Cu 87 1.2 (D0) 185,514
124 (4.2 a) Ia A 0.73 21 (peak)
156y (25.24) 160 0.38 188-463 (7)
156m, (5.4 a) Ho 370 0.080 164
By (16 a) cr 340 0,040 511
106m,. (8.34d)  sb a** 0.087 146
L9me (%.74)  Sb 30" 0.053 377
t Irradiation conditions assumed: E = 750 MeV; I= 2/2 mA; t, =T, /2

! Beryllium is used asz the target material excep’ where noted otherwise.
The geometry is assumed that of & sphere 1 cu thicknesn.

produced.

physical sciences is 3254 ('1'1 /2 = 500 y). Although
this nucllde is presently unavailable, requests for
it have been received from:

a) The Chemistry Departmeat, Univ. of Calif.
at Davia;

b) The Physics Department, Univ. of Minnesota;

c) IBM's Thomas J. Watson Reaearch Center,
Solid State Physics Section;

while inquiries as to its availability have been
mede by:
d) The Metallurgy Department, Case-Western
Regsve;

e} The Bivlogy Department, Washington State
Univ.

Even with an estimated production rate of Tul uCi
per month in LAMPF, the current d:mand, based on
the above requests, for over 10 mCi cannot be met
in less than one year.

One of the potential wress of application for
radiomiclides from LAMPF that has been looked into
during the past year is that of photo-nsutron sources,
vhich are useful in the nuclear safegusrds program,
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Thege yields should be multiplied by the fraction of the isomer that is

forersic science, field activation aralysis, oil-
well logging, etc. Some of the possible alterns-
ti‘l!\!ll to the presently used 12"’Sb-ne source are
given in Table I1I, vhich also contains pertinent
information on mqu for comperison. Of the mu-
clides listed in Table III, the most promising is
83y \hich has o half life almost tvice that of 12'sn,
e neutron output per unit activity of the pro-
duct affords greater flexibility in source geometry
than doce the 12 ka. These sdvantages coupled with
the high yleld of in the LANPF indicate that the

=Be source will be econcmically superior. Present
estimates indicate the need for sbout sixty = Y-Ba
sources (15 Ci/source) during the first year of
opentica.l

During August 1970, an informsl meeting was

held with physicists representing the AEC's Muclear
Cross Sections Advisory Committee to discuss the
capabilities of the Isotope Production Facility st
LAEF for preparing, in tens of milligrem quantities,;
redionuclide targeiu for use in nuclear physics
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TAELE IV
LAMFF RADIOMCLIDE FRODUCTS OF INTEREST FOR NUCLEAR PHYSICS MBB*

Product (T, ,.} LAMPP yield
e Targat Mt () Vass ()
S3m (338) ) 67 3.5
Blew (334) 3N 1.4
87y (8on) " glo 1.8
68! (107d) 87 6.2
88, ¢851) " 200 12.0
89%r (78.4n) 1300 2.9
Ny (107y1) 7.0 x 10°8 18.0
920 (207y) Yo 6.0 x 10°5 15.0
93, (3.7%) n' 1.0'
W8a, (54a) 120 5.1
L (1064) ™ 130 1.0
13%, (5y) 12 18.0
167y (9.64) Bf 820 7.0
168y, (86a) 260 20.0
1T34n (1.by) He 110 53.0
l'fkm (3.56y) 1 52.0

*

Irmdistion conditions assumed: E = 750 MeV; I = 1/2 mA; t, = 1m.

! These ylelds should be miltiplied by the fraction of the lsomer that

is produced.

cross section msasurements. Thase studies are part
of on-going programs being supported by the ARC's
Mvisions of Research and Military Appliocstions. As
u result of this meeting, a list of targets of inter-
8., together vith both the activities and masses for
eack wclide, ws compiled end is yrosented in Tabdle
IV. jate that the calulated yields ae based on e
one-morz*h irrediation. The yields and distribution
of isotopic masses appear adequate, in genersl, for

the proposed studies. It is enticipated that requests
for such targets wld cccur vith a frequency of one
per year. 7To meet this demand would probably ragquirve
two-thirds of the Isotope Production Facility at
LAMPF for one month eack wear.

In thig section and tlie one immdistely preced-
ing, conservative estimates of ths anmml desand have
Nﬂ-ﬂ'ms?thsm&.?&.m . It 18 ine
formative to compare the ammml productioa rute for
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TABLE V
COMPARISON OF PROJECTED ANRUAL DEMANDS FOR

88

€7ga, 3251, 131, amp By
WITH ANNUAL PRODUCTION IN LAMPF AND BLIP"

Nuclide Projected Annual Demand t Annual Production
e’ HLIP

Toe 1,200 ci 5,900 Ci 1,530 ci

325, 10 mCL 3.7 mci 0.082 mc1

123; 4,000 ¢1 27,000 Ci 1,130 c1

88y 900 Ci 350 ci 250 ci

Assume one LALDF target statioi. per year per muclide, and the entire ELIP
facility per 1/4 year per muclide.

t

Based on estimates contaired in this communication.

tt

Estimates from Table II, Presentation 2, this commnication.

these four nuclides at LAMFF and ELIP on the basis
of these projections. This comparison is presented
in Table V, assuming the use of one LAMPF target
station per year per nuclidz, and the entire ELIP
facility for 1/4 year per muclide, Several impor-
tant conclusions can be drawn from Table V. Firat,
there apparently will exist a maticnal reguirement
for large quantities of seiected nuclides that can
be setisfied through production from protoneinfuced
spallation reactions. Second, the Isotope Produce
tion Facility at LAMPF is clearly necessary to pro-
duce radiomuclities via spellation reactions, since
the BLIP facility obviously is unable to satisfy the
anmaml demand for &1l four nuclides in this exsmple.
Third, the anmual time required at LAMPF to pro-
duce sufficient quantities of S7ga and 2231 can be
reduced by factors of 4 and 6, respectively, thereby
providing added torget speace, in addition to the two
remaining targst stations not considered in chis
en-;le » fTor producing grester cuantities of 3251
and as vell as the other rsdionmuclide products
discussed in this comsmunication.

IV. CURRENT RESEARCH IN SPALLATION REACTIONS
Although present plans indicate that the Iso-

tope Production Facility at LAMPF will not be oper-

ational until January, 1973, the paucity of data

on spallation reactions in the LAMFF energy range
has necessitated the initiation of a modest research
effort at the Los Alamoc Scientific Laboratory to
insure the full utilization of this facility with
the least possible declay. The major objectives of
these research studies are the foilowing. (1)
Mcssurs spallstion reaction cross sections in the
500750 MeV nroton energy range to emable the selec-
tion of the optimum target for each specific radio-
ouclide product or combimaticn of products. Cther
factors that relate to this queation are the thicik-
target buildup effect, the effect of scattering
material Z, and the effect of varying target diem-
eter on the cross section. (2) Devclop chemical
flov charts for recovering several radiomuclide
products from a common target, using targets bom-
berded with low-intensity, 600-MeV protons as tracer
materials. (3) Where possible during these early
studies, racover usable quantities of future LAMPF
products to initiate applications developsent
through coocperative research investigations with
interested colleagues in the prouposed field of
application.

The first irradiations in thia program, being
carried out on a collaborative basis with the Phys-
ics Section of Idahc M:clear Corporation, utilized
the 300- and 600-MaV protons aveilabie at the Space



Radiation Effects Laboratory (SREL) in Virginia.
Theee studies are being sponsored jointly by the
AEC's Divisions of Research and Military Applica-
tions, and by RASA, vhich operates the SREL facility
and, in addition, partially funds the ldaho Nuclear
Corpormation group. However, the availability of
these funds cannot long continue, and it is impera-
tive to obtain support for this work on a contiming
basis.

The primery goals of these initial irradiations
are the following: &) measure thin target cross
sections for a variety of targets well spaced in
the periodic table to verify the Rudstam systemnt-
ics, which forma the basis for estimating all epal-
lation reaction yields, and to determine the opti-
num target for each specific product; b) meapure
the effective cross secticns as a function of
depth for the thick target case; c) study the effect
of varying the Z of the scattering meterial on the
effective cross section; dj determine the effect of
varylng the diameter of the gcattering material on
the thick target buildup ef‘fect;ao and e) meas ve
the magnitude of the buildup effect in thick targets
at 600 and 300 MeV.

In addition to the above stated obJectives, the
irradiations performed at the SREL facllity will
provide activated targets having product distribu-
.lons similar to those expected from the LAMPF
Pacllity. These targets will be employed in radio-
chemical studies to develop the chemical flow charts
to be used in the processing of the targets from
LAMPF. Due to the variety of elements formed in
targets subjected to bombardment with 700~-800 MeV
protone, as discussed in a previous section of this
comminication, the complexity of these chemical
recovery studies cannot be overemphasized. For this
reason it is mendatory that these studies be initi.
ated well in advance of the LAMFF facility, end on .
a contiruing basis, to insure the =arliest availabile
ity of radionuclide products from Los Alamos,

MiBo, targets of ¥, As, Nb, and Ta were sub-
Jected to extended bombaerdments with 600 MeV protons
in the intarnal beam of the SREL zachine. The intent
behind these irrsdiations was to bulld up sufficlent
quantities of longer-lived products in these targets
to permit their recoveries and use in the initiation
of limited applications development.

7. RADIONUCLIDE APFLICATIONS DEVELOPHENT:

As shown above, many of tne radiomuclides from
the Isotope Production Facility at LAMEF will be
utilized in existing AEC-funded programs at los
Alamos and other laboratories throughout the nation.
Ia addition to these basic and applied research
applications in the physical sciences, a new progyam
in the area of medicel radiotherapy holds a promise
for greatly stimilating resesrch in the use of
radicruclides, both as radiochemicals and tagged
pharmaceutical compounds, as agents for lscating
all known types of cancer tumors in humans. The
purpose of this new program is tke evaluation of
the potential of negative piors as a new modalily
for cancer thempy.al'ae

Since the LAMFF will produce the most intense
flux of negative pions in the world, the pre-clic-
ical investigations and eventual therapeutic trials
will, in all likelihcod, be ceatered in ILos Alamos.
In anticipation of this program, the Natiomal Can-
cer Institute has swarded a two-year planning grant
to the University of New Mexico Schocl of Medicine
in order to expedite, in maximal fashion through
early planning, the introduction of negative pions
as & therapeutic modality in the treatment of tu-
mors. 7

Of majoer importance to the effective utiliza-
tion of negstive picn beams in tumor therapy is the
need to accurately define the tumor limits prior
to treatment. The successful use of radiomuclides
to locate a variety of human carcinomas and lymph-
o8 in the past holds promise thet, with en inten-
sive research eﬁ’ort , other radionuclide agents
will be found to localize in a wider variety of
tumore. The importance of the contribution of -
radioisotopes to the overall negative plon tlierapy
research effort was formally recognized during the
recent orgarization of the LAMPF Biomedical Usere
Group, with the establishment of an Isotopes and .
Diagnostic Applications Subcommittee. Table VI
indicates the national interest that exists in tﬁié'
program, which will be centered in ILos Aiamos.
Hence, a sizeable local demand for medical radio-
isotopes; both for research and diagnostic uses,
will develop in the fereseeable future,

It is anticipated that financial support for
research studies of tumor localization with radio-
isotopes will come from a variety of federul and -
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TABLE VI
ORGANIZATION OF THE LAMPF BIOGMEDICAL USERS

Steeriag Commitiee

Chairman:
Alt-rnate Chalirman:
Ass't. to Chairman:
Members ot Large:

Chaim Richmen (U. of Texans at Imllas)
Wright Lengham (LASL)

Dave Groce (JRB Associates)

Morton KCigerman (Yale University)

R. E. Anderson (UNM 3chool of Medicine)
Correlius Tobias (Donner Laboratory)
Andrev Koehler (Harvard Cyclotron)
David Husgey (M. D. Anderson Hospital)
Joseph Casiro (M. D. Anderson Hospital)

Subcommi Ctees:

1. Isotopes and Diugnostic Applications

Cheirman:
Alternmate:

J. D. Shoop (UNM School of Medicine)
H. O'Brien (LACL)

2. Physical anl Biological Dosimetry

M. R. Raju (LRL - Berkeley}

Faul Todd (Peann State lniversity)

Chairmsn:

Alternate: P. Dean (LASL)
3. Cellular Radiobiology

Chairman:

Altermate: Don Peterson (LASL)
L, Radistion Therapy

Cha.man:

5. Facility and Beam Line

Max Boon: (University of Wiscensin)

Co-Chairmen: Paul Franke (LASL) and Dick Hutson (LASL)
6. Wnole Anima) Radiation Biology and Pathology

Creirman:

private irstitutions. The Natlonal Cancer Insti-
tute is already supperting the planning grant men-
tioned above. In addition, the American Cancer
Society recently informed the University of New
Mexico School of Meadicine that a grant request to
suppcrt investigations of tumor localization with
radioisotopes would recelve favorable considers-
tion.u

Other groups, some of which were mentioned
previously, around the country have expressed an
interest in the Isotope Production Facility at
LAMPF. A list of a few of these institutions is
presented in Table VII. It wlll be noted from

this table that most are medical instituticne. One

in particular ie worth additional comment. It is
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Charlee Key (UNM Schocl of Medicine)

well known that the University of Miami School of
Medicine has cbtaiped private funding to purchase
and operate a multi-particle medical cyclotron.
Why then are they interested in obtaining radio-
nuclides from Los Alamos? The answer is simply

economics. Greater economy is achieved by pur-
chasing hard-to-produce, longer-lived nuclides

than to develop costly target systems themselves
and run their machine many hours to produce small
amunts.23 this course of action, however, would
have to be taken if these nuclides continue to
remain generally unavailable.
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TABLE VII
INSTITUTIONS EXPRESSING INTEREST IN THE ISOTOPE PROIUCTION FACILITY AT LAMPF

Upstate Medical Center

Sloen~-Kettering Instutute for Cancer Research

Baylor College of Medilcine
M. D. Anderson Tumor Institute

Johns Hopkins Medical Institutions

Southwestern Medical School
Mayo Clinic

University of Miami School of Medicine

University of New Mexico School of Vedicine
Vanderbilt Ualversity School of Medicine
Medical) Div., Oak Ridge Assoc. Univerpities

University of Michigan
Cincinnati General Hospitali

University of Colorado School of Medicvine

V1. SUMMARY

The information contained in this communication

clearly demonstrates a netionsl interest in, and
need for, new radionuclide products in quantities
that can be made available from the Isotope Pro-
duction Facllity at LAMPF, It is evident from a
comparison with the BLIP facility that the super-
lor productinn capability of the LAMPF faclility
will be required to satisfy projected annual de-
mands for selected nuclides.
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