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Presentation 1

GENERAL IHTHODUCTORY REMARKS CONCERNING LAMPF

ADD ITS USE FOR ISOTOPE PRODUCTION

By

L. Rosen

We are pleased to have the apportunity this

morning to demonstrate *.o you that the time has

come when serious attention ought to be devoted to

LAMPF as a source of valuable radioisotopes.

With me today are Dr. Mario Schillacl, who

will discuss the production rates available from

LAMFF, Dr. Bruce Dropesky, who will describe the

proposed targeting system, hot cell and radlochem-

istry facilities 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 abundantly 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 desirability and feasibility of an iso-

tope production facility at LAMPF has been supported

either by ~ M or by the Division of Research. How-

ever, budgetary stringency in FY-72 will severely

curtail this support and, in view of the obvious

relation of this activity to DID missions and re-

sponsibilities, I would suggest that it Is now

appropriate for DID to pay some attention to LM4FF.

I realize, of course, that DID budgets are not

enormous. I believe, in fact, that the national

interest demands that they be substantially increas-

ed. The way to do this is by not only vigorously

supporting those activities which are of proven

value but also by exploring new activities which

offer unusual proatise, by exercising the kind of

Imagination, creativity, inventiveness snd daring

which has made our nuclear science and technology

endeavor the envy of the world. Thus, with the

support of the DID for this proposal, we can assist

in obtaining additional funds for an isotope prod-

uction facility at LAMPF.

As most of you know, we are constructing at

Los Alamos, the world's most prolific pion-produc-

ing accelerator. It goes by the name of the Los

Alamos Meson Physics Facility (LAMPF). As a corol-

lary, it can be stated that the primary proton beam

will carry more power than will the beam of any

high-energy accelerator in the world now in opera-

tion or under construction. It can furthermore be

stated that meat of this beam power will be wasted

if it is sot used to produce isotopes. The actual

production of isotopes will cost the nation nothing-

it is a by-product of LAMPP operation. The reaBon

we are here is to convince you that you ought 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 isotope prod-

uction be built, that techniques be developed for

extracting the desired isotopes, for purifying

them, for packaging them, and for selling them

either for evaluation or use. Facilities for chem-

ical processing already exist and ere available at

LASL, Thus, we are net requesting funds for a

separation plant (which DID nay wish to fund in

the future, if warranted by demand), but solely

for the irradiation facility. Last 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. Vtorld-wide accelerator picture.
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In order to place the opportunity presented to

you in proper context, I show you Fig. 1. Xt de-

picts the world-vide accelerator picture. The stars

represent a new family of accelerators now under con-

struction - they are called meson factories. The

one in Switzerland and also the one in Canada will

be operated to produce radioisotopes as a by-product.

However, as you can BB^, LAMPF is the most powerful

of the lot. It can -produce n&l only more radio-

isotopes than all the others put together, but it

can produce them further from the stability line,

thus opening the possibility of using many more

targets for the production of a given isotope, Ebls

is important for reasons of physical properties of

the target, target material availability and purity

of the desired isotope. I'm sure you gentlemen need

not be told how foolish all of us will appear if

several years from nov the United States is buying

proton-rich isotopes from Switzerland or Canada as

a result of our proposal not being funded.

LAHEF is based on a proton linac of energy

600 MeV and average intensity 1 mA, resulting in

a beam carrying 800 kW of power. The project is

going very well. Xt is on schedule time-vise 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 January 1973- Some indica-

tion of our construction progress car be garnered

from a quick perusal of Fig.. 3. Figure h is an

aerial view showing the lab-Office Building, the

Injector Building, the equipment gallery and the

Operations Building. The blisters along the. equip-

ment aisle house the power supplies for the high-



INTERMEDIATE GOALS FOR U W F
EVENT DESCRIPTIONS SCHEDULED DATE
START ASSEMBLY OF COC> .CROFT-WALTON B 10/30/70
START CONST OF PH II M P AREA 1V09/70
START CHECKOUT SEC B RF POH SYS (FL) "(l,'13/70
START CONST NUCLEAR CHEMSrRY WING 11/30/70
START OPS INJ A + TRNS AR W/CCS VJ/15/70
START CONST OF PH III EXP AREA 1/15/71
START INSTLN OF SWITCHYARD B U EQUIP 4/01/7!
START INSTLN OF SWITCHYARD LX EQUIP 4/01/71
CONST OF AREA A BUILDING COMPLETED 4/06/71
START INTG MOD 3 S 4 W/CCS 4/15/71

•JfrlOO MEV BEAK DAY 7/01/71
START 1NTG OPRN MOOS 1-12 FROM CCR 8/13/71
START OPRN CHECKOUT H-NINUS INJECTOR 10/01/71

#211 Kit BEAK DAY 13/01/71
CONST OF NUCLEAR CHEM.STRY KINS COUP 11/30/71
COMPUTER ON LINE 24 Hfi/DAY 12/30/71
SECTOR G I S C COMPETED 12/30/71
CONST OF AREA A SWITCHYARD CORR COHP 1/10/72
8.0.0. ON AREA C BUILDING 3/21/72
SWITCHYARD (BLA & LX) READY FOR BEAU 5/01/72
CONST EXP AREA PH III COMPLETED 5/18/72
PH II EXP AREA CONST COMPLETED 6/14/J2

•JfSTRT 800 MEV BM TESTS (BEAM DAY). 6/30/72
STRT OPRNL CKOT H" BK * H' AND H BH 10/01/72
BEAM AHEA A FfCIUTY OPERATIONAL 52/29/72
HRS READY TO ACCEPT BEAM 1/03/73

Fig. 2. Intermediate goals for LAMPS' Fig. h. Aerial view of LAMPF site.
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Fig. 3. Conetructior. cost status for LPttPF as of
October 1, 1970

portion of the accelerator. Figure 5 depicts

the main experimental area, looking west to east.

In the foreground is the beam switchyard. To the

south will be a pulsed neutron facility for weapons-

related work. To the north will bt a high-energy

neutron facility and a high-resolution proton spec-

trometer for proton-nucleus reaction Btudies. Two

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 ,-nown in Fig. 6. There is the inevitable

O.ckroft-Walton, a drift-tube accelerator, and

then a waveguide accelerator which takes the beesa

from 100 to 300 MeV. This latter was invented for

the purpose at band. It is already being installed

in a lialf-mile kunnel, 25 feet underground (Fig. ?•)

To prove to you that we are anxious to achieve

Fig. 5. Construction of main experimental area.

practical applications in all of our activities, I

show you ?ig. 8. The accelerating structure u^ed

in the high-energy portion of the accelerator is

already in use to serve humanity. Three companies,

Varian, Arco and SHM Huclear, have adapted the

structures we developed for manufacture of reliable,

inexpensive, high-energy X-ray machines. These use

small electron liaacs, k MeV ar.3 higher energy , to

provide X-rays of better therapeutic properties

than are available from cobalt or lower-energy

machines. Already more than 50 of these machines

have either been constructed or are in the process

of construction.

Figure 9 is a schematic of the injector end cf

the accelerator. There will lie three Injectors:

one for positive ions, one for negative ions, anJ
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Fig. 6. The LAMPF accelerator system.

Fig. 7- Accelerator installation in beam channel.

one for polarized ions. Positive 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 experimental areas. It reveals the batic

philosophy underlying the design of this facility -

a capability to accommodate many uses simultaneously

and With minimal interference of one with another.

Let's turn now to «he need for an isotope prod-

uction facility. Figure 11 illustrates the uses of

radionuclides in medicine during 19-66. There were,

during that year, more than five million adainistra-

•v,ious involving pore than three million patients.

It is safe to say that these numbers are consider-

ably higher toda;r • It is also sale 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

also safe to predict that many of the proton-rich

isotopes, producible by LAMPF, will be found to

have exquisite applications in industry, agricul-

ture, and especially in medicine.

A foreseeable practical application of LAMPF

which is 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 being deposited. Lowever, one must knov

where the tumor is and, for this knowledge, one

needs recourse to radionuclidee which concentrate

in the tumor. This is 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



Fig. 9. Schematic of injector end of the acceler-
ator.

•TIT

Fig. 10. Preliminary experimental area layout
(including switchyard).
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Isotopes and Diagnostic Applications, (Fig. 12.)

LAMPF can be an important source of these Isotopes.

If rodiolsotope utilisation continues to in-

crease as we learn how to use those available and

aiOHEDICAl STEERING COHHITTEE

Chtlnnan: Dr. Chatm Rlchman* Univ. of Texas at Dallas
Al ornate: Dr. U. H. Langham, LASL
Assistant: Or. 0, E. Groce, JRB Assoclatas

Subcommittee Chafrmen:

Isotopes C Diagnostic Applications - J . 0. Snoop, H. D.,
Univ. of New Mixlco School of Medicine

Cellular Radiation Biology - Dr. P. Todd, Pennsylvania State
University

Radiation Therapy - H. L. M. Boone, M.S., Univ. of Wisconsin
Medical Center

Facil ity I Beam Line: P. R. Tranke, Jr.. and Or. R. L.
Hutson, LASL

Whole-Animal Radiation, Biology » Pathology - C. R. Key, M.O.
Univ. of Hew Mexico School of Medicine

Physical ( Biological Doslmetry • Or. M. R. Raju, Univ. of
Texai at Dallas

Members at Large:

M. M. Kllgerman, M.D., Yale Unfv. School of Medicine
R. E. Anderson, H.D., Univ. of New Mexico School of Medicine
Or. C. A. Tobias, Italy, of California at Berkeley
J. R. Castro, M.S., M. D. Anderson Hospital
Or. A. H. Koehior, Harvard University
David Hussey, H.O., M. D. Anderson Hospital

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

Fig. 13. Design of proposed medical proton linac.

find new uses for those yet to be produced In ade-

quate quantities, we will need to look for produc-

t-Ion capabilities even larger than those which LAMPF

cen provide. We will also need a number of facil-

ities to implement radiotherapy possibilities based

on plons. These special-purpose facilities must,

however, be far leas expensive than UKSF. We have

given thought to this problem. Last spring, when

I testified at hearings of the JCAE, I already

could say that a straightforward extrapolation of

LflUPF to a single-purpose, 500 MeV facility would

decrease the cost to $10K. More recently, Dr.

Qarragh Ntgle has given soae serious, Innovative



thought to this problem and hao devised a scheme for

cutting the above cost in half. His proposed accel-

erator is shown in Fig. 13. It starts with a 3 MeV

pressurized injector, proceeds to a. driî t-tube,

post-coupled linac at 400 KHz and into a side-

coupled linac operating at 1200 MHz. By folding

the line with three l8o degree benc! 2 one has a much

more compact accelerator, more easily built and

maintained.

I have 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 only one of these

facilities can be funded, the obvious choice must

be LAMEF. The evidence presented here today should

convince you that such a choice is neceeuary.



Presentation 2

COMPARISON 0? LAMPF AND BLIP* FOR PRODUCE*} FADIOISOTOPES

i. E. Schillaci

In August, 1969, vhen we were first invited to

brief representatives of the DID and other divisions

of the ASC regarding the feasibility of utilizing

LAMPF for the production of radioisotopes, we adopted

a very noncompetitive approach in relation to the

Brookhaven proposal. We believed then, as we do now,

that both facilities merited funding. However, on

that occasion and on several occasions ain :e then,

representatives from Brookhaven have gone far beyoad

a straightforward presentation of the merits of the

BLIP facility and have been rather agresslve in

comparing their facility with the proposed LAMPF

Isotope Production Facility. In order to correct

any misconceptions that nay exist as a result of the

previous unilateral comparison, we feel it is now

necessary to present a detailed, quantitative com-

parison of these two facilities, and we have been

encouraged to do so by a representative o£ the DID.

Thus, although the tone of yhat follows in this sec-

tion nay appear to be unduly critical of the BLIP

facility, it should be kept in mind that these re-

marks are in the nature of a reply to certain, spec-

ific claims made by Brookftaven representatives. In

any case, every attempt has been made to remain fair

and objective in this aiAlysis.

HSie principal mechanism involved in the produc-

tion of radloisotopes at both the Los Alamos Meson

Facility (LAMPF) and the Brookhaven Llnac Isotope

Producer (BLIP) is the high energy proton-induce?,

spallation reaction. In this reaction, many nucleons

are knocked out of the nucleus, both singly and in

clusters, resulting in a variety of possible nuclei.

Some idea of the distribution of products that ere

obtained is provided by the example shown in Fig. 1.

Here are shown nass-yiel* curves from a bismuth

target bombarded at several proton energies. Hie

800 MeV curve has been sketched in to provide a

qualitative comparison with the other curves which

represent experimental data. The general features

are: (l) a peak corresponding to bipalXatlon pro-

ducts near the target mass; (2) another peak (for

higher mass targets) corresponding to fission pro-

ducts at Intermediate masses; and (3) a rise at

the low-mass end corresponding to fragmentation

products. At lower energies, e.g., 200 MeV, the

sp&llation peak *s rather narrow. As the energy

is increased, the spallation peak becomes broafer

and is somewhat decreased in height. Just how

much broader and shorter this curve is at 800 MeV

than at 200 MeV, for all possible targets, is a

crucial question, for this determines the relative

variety of the products and the magnitudes of their

yields for these two facilities. He would now like

to present a quantitative evaluation of LAMPF and

BLIP in precisely these terms.

There are three factor >Mch must be consid-

ered in any >comparison of radioist tope yields:

1. beam intensity;
2. cross-lection dependence oa ener*af;
3. thick-target attenuation of bean.

Other factors, such as processing f«clllfci<?s, per-
sonnel experience, etc.,. MPe of obvious impbrtancS

t

Brookhaven Linac Isotope Producer.

and will be treated in the
however, such consideration* are/ not_ :rsl*varit to, u
comparison of the production capaci^ssof the titaî
Irradiation facilities. SneV^rtt fa'Ctpr listed . - \ 1
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Jfess spectra of nuelides produced from a
bismuth target by protons with energies
of &k>, 800* 3000 MeV.

t-eaa intensity - - eaters in an obvious way. The
second factor - - eroas aection dependence on
energy - o daten»lne« the relative yielc'i for a
given tayset-product cosfciofttion at 200 MeV vs 800
MfeV, assumiag a targpt of fixed thickness. Hie
third .feator . > thl>:k tcrget attenuation of bean -
« datenaiaats the peaetratlon of the beam and,

therefore, &>v much terget oKterlml can be useful
for j«odueij^t radietfiuclidei.

Let ua aov tain up these separate points. The
tesam eiaurartttrieticj of the two facilities, which
«x« of sentmtl la^wrtance to the discussion, are:

xmsfi 700 ± so MBV, too ±100 UA
ELI?: £00 He?, l80 uA.

ffits IJ>MPF fl«Wi»» »<re baaed on the aaausptlen that

all three pips jroUucing targeta in Target Area A

are la tie bens, jp&us the Sio-Med target vhieh la

alac iJaisiy «*•»!'« c We wish to eaphasize that

« » wt«litf6.tc ̂ araaeters for the Isotope

Production iiacility and not simply initial beam

parameters. Thus, the beam intensity provides

LAMPS with an advantage factor of (1*00 ± 100)/l80=

2.2 i 0.6.

Next, we must take up the factor dealing with

crose sections. As stated in the presentations

made to DID in August, 1969, by both BKL and LASL

and from reports written at these institutions,

both the Broofchaven group end ourselves have based

our yield predictions on calculated, rather than

experimental, cross sections. This has been nec-

essitated by the paucity of data at the specified

energies and has proved quite convenient for

making rapid estimates of specific yields. Both

our calculations are baseI on the same empirical

relationship developed by Gotta fiudstam about

five years ago. This formula represents some-

thing liks 12C0 data points available at the time

and was shown to be accurate to within a factor of

two or three for alnoet all of the data. The

accuracy tends to degenerate for low-mass targets

because of the contribution of secondary particles,

a: 3 for high-mass targets because of the importance

of fission. In addition, this formula is meant to

be used only for products that are three or more

nass units removed from the target. Within these

restrictions, it is felt that Budstam's systema-

tics are useful for estimating spallatioa cross

sections for most target-product combinations. She

Mathematical details of the development of this
g

formula can be found in Rudstan's paper and is

also discussed in a LAMEF report, and, so, will

not be discussed further here. We should empha-

size that this same empirical approach forms the

basis of both Brookhaven's and Los Alamos' yield

predictions.

An abbreviated form of Rudstaa's formula,

which is taken from ills paper, is given by

-P(E) M
t (E) P(£) e
£ TTT" 'a . a(A,Z,AT)

1 -

This formula gives the thin target cross section

for the production of a nudide with charge and

mass numbers (Z,A) by an incident proton of energy

E froa a target nucleus with mass number A_ (flA «

A- - A). Here, the function 0 does not depend on

energy; vhereae the functions fg and P depend on

•ii
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Fig.

E (M*V)

2. Die parameter F as a function of the
Irradiation energy.

energy only. Rudstaa shows in his paper that the

optimum energy for producing a nudide with a mass

difference of AA from the target nucleus is given

simply by

^ o p t ) * 1 ^ '

It turns out that 200 HeV is the optimum energy for

making products with AA m 3, and 700 MeV is optimum

for products with AA w 8. This can be s<sen froa

the curvs Tor ? V B E which is shown in Fig. 2.

Also, the curve for fg vs E is shown in Fig. 3.

Let us sow use Budstam's formula to compare

cross sections under both of these conditions - -

viz., tA = 3 and M » 8. First we assure that AA

a 3, which is opt-.imum for BLIP.. Using the curves

for P(E) and fg(E) at E - 200 )feV, we then obtain

o . (200) -
f (200) P(200) e
£ ~
1 - 0,3/^200)^

" 1

- 0.86/Aj,

For the production of this

700 MeV we obtaiu

nuclide (AA-3) at.

too I M too CM too

Fig. 3. Iks paraneter fg as a function of the
irradiation energy. .

fo(700) P(7oo)

0.090
1 -

-m 0.09P G(M-3).

Xn forming the ratio of those croaa sections, the
function G, which does not depend on energy, i s
aeen to cancel:

0.
0.1

M-3) 0.60.

opt BLIP

This ratio, which gives the relative Talus of using

IAKFF over using BLIP, with regard to the funoaaen-

tal cross sections only, la optlaiseA in favor of

BLIP.



Next, we assume that M=8, which i s f>gt .'Jin for

LAMEP:

- 1

V(7OO)
f2(700) P(?00) e

i - O.SMTOO)^

a(200) - G(M-8)

I - 2.3/Aj

f,(2oo) p(eoo)

0.02k G(Aft-8)

1 - 0.86/Aj,

.1 — 0»

i 0.024 G(M-8).

Under these conditions, the relative advantage for

IiAMPF i s given by

q(TOO)

o(200)

o.oua G(M-8)
0.021* G(AA»8)

2.0.

opt LAMPF

Summarizing these results, we see that regard-

ing the cross section factor alone, LAMEF is at

worst 6o$ that of BLIP, and at best two tia^a that

of BLIP.

The final factor to be dealt with involves the

thick-target penetration. Bow, a correct procedure

would be to recalculate beau intensity,, beam energy,

and cross sections after every interval, say ix,

into the target. This is a rather complicated and

lengthy procedure and is not really necessary for

the desired accuracy. We, instead, chose a. more

empirical approach, utilizing Minting thick-

target data. In Fig. 2 1* shown an example of

such data obtained by Sbe&ovsky and Kayudu.

What is shown here is the effective cross section

for producing various miclides from a thick Iron

target as a function of depth. Such data were

taken at 1 GeV and 3 GeV. The solid curves rep-

resent an attempt to fit the data with an empiri-

cal formula.3 An important feature to note Is

that for products with relatively small M , there

is a buildup in the effective cross section, peak-

Ing at about 60gn/caa for the 1 GeV ease. The

effect Is even Bore pronounced at 3 QeV. It is

believed that this buildup is due primarily to

secondary particles, In addition to the primary

protons, producing such nuclides. If this is to,

one wotild expect, this effect to be less pronounced,

if it exists at all, at 200-MeV.

\ I I
EFFECTIVE CROSS-SECTION VS.
TARGET THICKNESS IN
IRON AT I GlV

100 200 300 400 500
TARGET THICKNESS tg/cm2)

600

Fig. k. Effective cross-section as a function of
depth in an iron target at 1 GeV.

In recent weeks, several of us from Los Alamos

completed a series of irradiations at the Space

Radiation Effects Lab (SREL) 600-MeV proton synchro-

cyclotron in Newport News in cooperation with a

group from Idaho Palls. 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

: section calculations.

Getting bock to the data shown in Fig. k, it

should also be noted that after the initial buildup,

the effective cross 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
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with depth - - an approximation which is, if any-
thing, generous to BLIP. The resulting paramets-iza-
tioa of the dai a is given by

Here, a is the cross eectiv,.. it t'..c front surface,
which we assume to be given by our thin-target cal-
culations. The depth, x, is in gm/em3 and the inci-
dent beam energy, E, is in MeV. Admittedly, the
simple energy dependence assumed here is based on
data taken at only two separate energies (l and 3
GeV) plus the known trivial dependence at zero
energy; however, our data taken at SHOT- at 600 MeV
and 300 MsV Should provide valuable additional in-
formation on the energy dependence.

The relevant factor in calculating the yield is
the integral of a „ up to the thickness of the tar-
get (t • thickness, p » density). We thus obtain a
thick-target factor given by

-10x/E E_
K(E) - I e dx

-10

What do we choose for the target thickness p t? A
choice which, obviously, would be generous to BLIP
would be to set p t equal to the range of 200 MeV
protons in the target. As given in the Brookhaven
report, the range in ruthenium metal is about 35
g m / W ; and this is about right for copper and alum-
inium also, so let us use it. We thus end up with
a thick-target factor advantage for LAMPF of

K(700) _ 700 °]°

(AA-3)

AA-3) *

(M-8)

K(200) 200(1 - e"1'75)
We can now pot all three of the critical factors

together for a yield comparison:

YE (AA) « I ao(E,AA) K(E),

2.2,

- 7.5.

The subscripts BLIP and LAMPF for the yield ratio, R,
correspond to M«3 and M>8, respectively. Thus, if. •
one chooses a target which is equal to the range of
protons available at HUP, LAMPF will outproduce

by a factor of about 2 to 7. We should point

out here that the LAHPF beam will low about 300 of
its Intensity and about 50 MeV in passing through
such a target. Therefore, after passing through
three such targets, the LAMP? bean will emerge
with about 500 MeV energy and about 150 \A inten-
sity, which is about equal to the total BLIP
facility.

Although we feel that this analysis Is certain-
ly a fair one, perhaps a specific example taken from
the Breokhaven report' would provide additional
evidence. In Table H I of the Brookhaven report,
which is reproduced below as Table I, the yields
from a rutheniun target at several energies are
given for products with AA • 3, 6, 9. T&ese cal-
culations are bacsd on the Rudstam formula, at was
all of the precee&ins analysis; however, the thick-
target effects cure treated rather differently here.
Although the predictions at each energy are made
assuming a target thickness equal to tbe range of
protons at that energy, a comparison of the 200
MeV and 700 MeV results is made later in their
report for targets of equal thickness. Time, the
total yield for A* - 3 at 700 MeV is given as 1.95s
tines that at 200 MeV; however, for a target of
35 gn/cn9 thickness, the yield at TOO MeV is
about SO* x 1.952 m UOf> that at 200 MeV. If one
then multiplies by the beam intensity factor
(toO/l8o - 2.2), one finds that the yield expected
from only one such target at LAMPF is about 900
the total yield from BLIP. This comparison In
for AA » 3, which is Best favorable for BLIP, aad,
although it is considerably smaller than the fig-
ure of 2.2 obtained in our analysis, one is never-,
theless led to the same inescapable conclusion - •>.
viz., undar no conditions will BTJP produce greater
quantities of any isotope than LAMPF. Shis is par-
ticularly obvious when one remembers that at LAHPF,
the bean will pass through three such targets and
then emerge with the approximate potential for
producing isotopes that is contained in the total
BLIP facility.

Regarding the problem of radlopurity, one can
see from Table I that the purity depends on tb* value
of AA for the product. If the desired product has
AA - 3, then the contamination for B U P is about UO%
that for LAMP?. However, if the desired product
has AA • 9, thea the contamination for BLIP is about

U



six times that for LAMPF. The advantage depends on

the value of &A for the desired product. Clearly,

one cannot expect to find a suitable target within

three raass units of even most of the desired prod-

ucts.

let us summarise our results for the total

facility comparisons, taking the case of AA » 3,

which is most favorable for BLIP:

TABLE 1^

EFFECT OF ENERGY OK THE RELATIVE ACTIVITY PRODUCED
IN A RUTHENIUM TARGET FOR THREE ISOTOPES OF A GIVEN

PRODUCT ELEMENT

(normalized to the 200 HeV induced activity of
mass 97)

Initial
Energy
(MeV)

100

200

225

300

500

600

700

800

Aj - A-3 Aj - A-6 Aj - A-9

0.949

0.809

O.778

0.65b

0.512

0.391

0.293

0.220

0.l60

0.260

1.000

1.097

1.392

1.6U6

1.819

1.91b

1.952

0.035

0.236

0.005

0.06b

1.127 0.695

[l_ is the fraction of original bean intensity re-

maining (after nuclear interactions) vhen the energy

has been reduced to 50 MeV.J

2.2 Cl + .7 + (.7)2] + 1 - 5 - 8 (our calcu-

lations) .

In this equation, the three critical factors re-

sulted in a LAMPS' advantage of 2.2 for a 35 ga/cma

target. tRiree such targets (with a 30j( drop in

bean Intensity after each), plus regaining bean

characteristics at least equal to the potential of

BLIP, add up to give a total facility advantage for

LAMPF of 5.8. If we choose M • 8, this advantage

factor jumps to 20. Using the results given in

Table I (from the Brcokhaven report), together with

the intensity factor of 2.2, one obtains a total

facility advantage for LAMPF given by

1.952 (2.2) - 4.3 (Brookhavsn report).

Either 5.8 or k.3 take your choice in either

case the figure represents a minimum advantage for

LAMPF. The maximum advantage factor for LAMPF is

something like 20.

To put all of the preceediag analyses in more

concrete terms, let us compare the yields of a

representative list of radloisotopes for a one-

year operation of both facilities. This is shown

in Table n below. The scheduling assumed for BLIP

is based on the assumption that the product of tar-

get thickness in gm/cma and the irradiatio n time is

proportionately the same as for LAMPF. Here, t

is the irradiation tine for a single target of a

given material and (mult) is a multiplier which

gives the nuriber of such targets irradiated during

the course of a one-year operation. For LAMPF

we have assumed six 1-inch targets being Irradiated

simultaneously, while for BLIP we have assumed one

target of 35 gm/um1 thickness being irrad?'A-ed at

any given time. We should emphasize that these

are realistic yields in that we have assumed targets

for each facility that can withstand the thermal

and radiation environment. Furthermore, the loss

In team intensity in going through each LAMPF tar-

get is accounted for in an average way. Toe decay

of activity during processing, packaging, and

shipment has not been included in either example,

however. The resulting product yields demonstrate

concretely the clear 'Superiority of LAMPF. For this

particular example, the LAMPF yields range from 2

to 80 times the BLIP yields. Although the particu-

lar production schedules choaen for this example

are certainly arbitrary, they are nevertheless fair

and representative.

Finally, ve would point out that many of the

predicted yields advertised by Brookhaven are un-

realistic. One gluing example is that of lasI - -
a most desirable product. As you may know, both

LAMPF and BLIP plan to produce I by first pro-

ducing laaXe and allowing this to decay to l a aI.

By such techniques, the purity of the desired prod-

uct is greatly enhanced. While we plan to use a

lanthanum target, Brookhavsn uses In their calcula-

tions a Csl target, which has questionable stability

under the intense radiation conditions to be en-

countered. The cross section-for the production of

12



ONE YEAR PRODUCTIOH OP SELECTED RABIOHUCLIDES

LAMP? BLIP
Product (t .

^Al (7.4xl05y)
32Si (-500 y)

teAr (33 y)
WTi (47 y)

6 7Oa(78h)

^Oe (280 d)

"̂ Se (8.4 d)

83Rb (83 d)
82Sr (25 d)

" r (107 d)
123Kl3h) 'l

172af H y)

Sarget

Si

V

As

Zr

La

1HO(12)

lwk(52)

Iao(l2)

lwk(52)

Uo(l2)

Yield

130 nCi

3.7 aCi

30mCi

ISO nCi

5.9 kCi

6.9 Ci

1.1 kCi

310 Ci

390 CI

350 Ci

f 27kCi

'1 .2 kCi

15 Ci

t± (mult)

0.054 yr

0.140 yr

lwk(6.864)

0.150 yr

lwk(7.384)

0.^32 yr

Yield

73 nCi

46 ^d

3.2 aCi

20mOi

.8lkd

1.2 Ci

.43 kCi

37 Ci

35 Ci

150 CI

f.64kCi

l 85 Ci

1.1 Ci

iaaXe from the l a 7I In Csl ij given experimentally
as 8 mb.k Let us assume that the cross section for
the production of " 3 X e from the laaCs in CBI I S
essentially the same as the measured cross section
for the analogous reaction, ls7I(p,2p,9n) 117Xe,
uaely 50 mb. Using a target of 35 gu/ca3 thick-
neis, ve then obtain a yield of 87.4 Ci/day of " a I
for the BLIP facility. This figure is to be con-
pared with an advertized1 yield of 800 Ci/day! How
can we reconcile this discrepancy? First of all,
the Brookhaven group used calculated cross sections
of 30 nb from Cs instead of 50 sib, and 220 alt from
I instead of 8 nb. Secondly, they apparently used
the density of pure Cs (1-96) instead of the partial
density of Cs in Csl (2.31), and the density of pure
I (4.93) Instead of the partial density of I in Csl
(2.20). If we "correct" our calculated yields by
these factors we then obtain

(Cs) 74.9

(I) 12.5

38
808 Ci/day,

apparently accounting for the noted discrepancy.
We should point out that the dally yield of 1 M I

from a single lanthanum target can be as high as
150 Ci at LMffiT.

He have shown, by several different objective
comparisons, that from the standpoint of yield
alone, IAHPF is clearly superior to BLIP. Ihis
conclusion Is based on our own independent analysis
contained herein as well as from results contained
in Brookhaven' * report.
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Presentation 3

PROPOSED TARGETING SYSTEM AND LASL HOT CELL Avffl RADIOCHEMSTRY FACILITIES

By

B. J. Dropesky

I would like Co first describe the system we

are proposing to use for target insertion, target

cooling during irradiation, and target remova1 for

an isotope production facility at LAMPF. It's nec-

essary to appreciate the conditions expected to

prevail at the main bean dump. With all the neson

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., dE/dx, varies from

about 1 to 2 MeV per gram/cm2 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 vefy 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 suitable 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 th« 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

maintain the targets a(: a moderate temperature.

Figure 1 illustrates a thin walled target cell con-

taining a 1" thick target of vanadium and 1/8" thick

coding water layers flowing over the front and back

surfaces. Under the given irradiation conditions,

11.8 kW of heat will be deposited in the vaaadium,

water mni stainless steel shell, and at 2 gpm of

water flow, a reasonable temperature rise will be

observed in the water and the central temperature

In the target disk will be modtst.

Of course, the use of water for cooling these

targets presents sooe problems, namely the radia-

tion dissociation of some of the water molecules

into oxygen and hydrogen and also the production

of radioactive nuclldes, primarily by proton reac-

tions 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 71-sec

"O, 124-sec 1 50, 9.9-min 13N, 20.5-min M C , 53-day
7Be, and 12.3-yr JH. Therefore the water lines

must be well shielded and the entire contaminated

system must be an isolated closed loop. There are

several such systems, including recombiners for

the O2 and H2, to b* provided at the LAMPF beam dump

and our cooling li&ea would tie into one such system.

Figure 2 shows a version of a typical water-,

cooled target enclosure that would ba coupled to th«

end of a horizontal stringer to ba used to insert

the target into the proton beam. Hare the targets

consist of 1/2" metal plates, which, for various
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TYPICAL TARGET

[iJ

I 'xe'll lA VANADIUM DISK

i M i 700 MEV PHOTONS

11,000 WATTS OEPOSIfED

? GPM COOLING WATivn

2 » * C - A T OF WATER

!3I°C-CENTRAL VANADIUM TEMPERATURE

Fig. 1. Typical targe'- parameters.

Fig. 3. Plan view of isotope production area.

may be preferable to using t single 1" thick target.

The thickness and number of target disks could be

varied considerably, depend!ig upon the physical

properties of the metal and < n the desired rate of

production of the useful radionuclides.

Figure 3 shows, soraewha't schematically, an

overall plan view of the proposed isotope production

facility at the LAMPF beam durji. The residual pro-

ton beam, transported froa this experimental area,

leaves its vacuum pipe just ahead of our production

station and enters a fairly missive water-cooled

beam stop just behind the production station.

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

ers of rectangular cross secti.on (naybe 10" high by

2" to 3" wide) guided in channels through the 10'

of steel and IS' of concrete that make up the

shield wall. These stringers would probably be made

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 shot.

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 maximum 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

connecting and disconnecting water lines, coupling,

or uncoupling the target chambers, etc.. A simple

''jlly system operating in this trench will provide

a means for conveying a highly radioactive target

to a shielded cask for shipment to a hot cell for

BEAM

CSOIA)

JTMCK MCTAU

TAMETS

' ~41:

\

4 -

OWATEWATER
OUT

JwATEWATER
IN

COOLINS WAYCR

STAIMUSS STEEL CELL

Fig. 2. Target enclosure. Fig. 4. Disconnection and removal-operations isotope
production facility.
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processing. Rather than providing costly lead glass

windows through which*to observe these remote oper-

ations, inexpensive periscopes are proposed for the

Job. A mating set of target stringer channels will

be provided for the stringers to retract into when

a target chamber is to be coupled to or uncoupled

from a stringer. This aet of channels will need

only light shielding except for the trench end. Only

burled cooling lines and a shielded valve gallery

are shown on tha redrculating water cooling system.

We intend to develop at least one target cell, pro-

bably using cerium or lanthanum as target material,

for producing 2-hrI2s Xe which will be swept with

helium out to a processing unit where its decay pro-

duct, 13-hr 1 2 3I, would be separated.

Figure 4 is shown to illustrate the rather sim-

ple method proposed for performing remote operatiomi

on either end of the target stringer. The left view

of a section through the trench shows a stringer all

the way in so that a target is in the proton beam.

A piping manifold, with flexible cooling water linos,

is shown connected to the stringer. After the de-

sired duration of target irradiation, the stringer

would be retracted about 3 or 4 ft. to a cooling

position and the cooling water temperature would be

monitored until it shows that self-heating of the

target by the (5-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 accessible

for uncoupling with another set of tools and lowered

onto the dolly. Ws estimate that a single massive

and long irradiated target may build up as much as

10,000 Curies of activity and that 18" of ateel

will provide adequate shielding for the operator

above.

The lower sketch in Fig. 5 Illustrates how an

Irradiated target chamber, after being Moved on the

dolly 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 position and also Indicates how the out-

ward movement of the Mjrrimac sliding door will re-

sult In preventing access to the trench. We anti-

cipate no seal problem here since the H*rriaac door

would be opened vary Infrequently and only whan the

accelerator la off and after our targats had been

retracted to the cooling position or raaoved to the

hot cells.

The proposed target enclosure systea is obviouc-

ly very versatile and should allow us to consider a

wide variety of target schemes, for example, metal

powders of high melting elaments (for ease of dis-

solving), composite metal targets such a* beads of

poor heat conductor material In a matrix of good ~ -

thermal conductor, many thin metal disks with very

thin water films between them, and even low melting

"•jtals having low vapor rress'ores and high boiling

points such that they can be allowed to malt and a

. sweep gas can be used to bring out gaaeous products

of interest.

I would like to digress for a moment,to look at

one aspect of the targeting system proposed for the

Brookhaven Linac Isotope Producer (BLIP) aa compared

with the proposed LAMPF facility. Thia has to do

with energy per unit volume of target material* for

the too systems. To make the comparison I choce,

arbitrarily, a 1'cm thick circular target of copper

(8.92/gm/cm2) since the 'dE/dx (rate of energy loaa)

foe 200 MeV and 700 HeV protons In eopptr ia readily

available. If we taka tha targeting paramtera that

have bean already Indicated for BLIP and LAMPF, we

aireive at the following table of comparisons:

Proton Energy

dE/dx (MeV/g/cm2)

AE - (dE/dx)x 8.92 g/cm2

Energy deposited - uA x MeV

Beam Diameter

Target volume In beam

Energy density

BJ.IP
~ 200 MeV

3.0

26.8 HeV

IGO.x 26.8 - 4824 watts

2.0 cm

3.14cm*

1536 watts/cm*

500 x 14.7 - 7350 watts
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Fig, 5. Elevation views of target removal details.

"1

Fig. 6. Flan view of hot cells located in the LASL
Chemistry-Metallurgy Building.

Fig. 7-. Operating faces of a set of 4 hot cells.

This extremely high energy density for the bLIP

case Is about 38 times higher than the modest value

in the LAMPF case 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. However, a target

of lead, for example, which has ~ l/10th the ther-

mal conductivity of copper and a low melting point

(327° C), would undoubtedly melt, internally, and

thermal expansions would be severe. Of course, a

BLIP target of 1 cm thickness would, as they have

indicated, be made up of several thin "poker chip"

disks with ~ 2 mm layers of cooling water flowing

past the front and back face of each. However, this

increase in the number of water layers in the proton

beam results in a higher production of undesirable

radioisotopes in the cooling water and a lower pro-

duction of the desirable radionuclides in the target

materials.

This relatively high energy density that will

prevail under the BLIP targeting conditions also

causes one to question the feasibility of using

some of the target materials they have proposed for

making various product isotopes. Some of these

materials, such as phosphorus, iodine, and mercuric

chloride have very low melting and boiling points,

and ionic compounds, such as strontium bromide and

cesium iodide, can be expected to undergo severe

dissociation to their elements under intense proton

bombardment. Of course, these targeting problems

could be somewhat eased at BLIP by blowing up the

beam diameter, which they will probably find neces-

sary to do. This would somewhat defeat their stated

objective of producing the desired radionuclides in

as tma.ll a mass of target material as possible, pre-

sumably 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 the recovered

products would be the sane whether we processed a

10 g target or a kG target. Anyway, even with our

target cooling problems at LAMPF, which are much

less severe than at BLIP, we are proposing to use.

only metal targets, at least initially. With the

higher proton energy available we can afford to be

18
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more selective of target materials that hays favor-

able physical properties, even if they are further '

removed from the products we wish to make. ••

Nov.* I would like to discuss the question of «Viat

facilities we have or will have and wh.it chemical

competence exists at LASL to process these highly '

irradiated targets. Regarding hot cell facilities,

Fig. 6 shows a plan view of an array Of elaborate

hot cells located in the LASL Chemistry-Metallurgy

Euilding, a few miles from LAMP?'. These 161hot ceils

are each capable of containing nominally 30,000

Curies (but actually 50-100,0U0 Curies) of gaisma

activity. The 6 cells to the left; are prssently

committed to use for detailed testing of irradiated

fuel elements from the Fast Flux Test Facility (cen-

ter of the national program to develop fast flux

breeder reactors). One of the other 8 cells is' 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 (Project Rover) fuel aj.e-nents after

test runs in Nevada. Figure 7 is a photograph of

the operating faces of a set of 4 of these hot cells

showing the completeness of this facility.

Dr. R. D. Baker, head of the LASL Division

operating this hot cell complex, has stated that, as

far as he can foresee, some of the 7 cells for Rover

work would be available, on an intermittent basis,

for initial operations on the highly radioactive tar-

gets from LAMPF. In other words, those targets that

are designed to produce large amounts of the long-

lived products of interest and, therefore, would be

in the proton beam for many weeks or months, could

be disussembled, dissolved, and separated into dif-

ferent chemical fractions which then could be dis-

tributed to smaller cells for purification. It

should be no problem scheduling such target proces-

sing when nheae cells are available.

Actually, there is a pair of large, multi-

station 10,090 Curie hot cells now under construc-

tion in the so-called Merrimac Service Area of

LAMPF. Shown to the liift ir Fig. 8 are three lead-

windowed operating stctlona of the large hot aell to

be usei for servicing activated meson productipn

targets, beam transport magnets, etc. To the right

of the cell can be seen two windowed stations of

the four that make up the nuclear chemistry hot cell.

Two stations of this cell will be used primarily for

the initial processing of proton irradiated targets

involved In the nuclear chemistry basic research

program. The. other two stations would 1>e available

for the cheMcaa processing of targets from the

proposed isotope 'production facility.

In 1962 a hot cell wing was added to the LASL

Eadiochemlatiy laboratory. Figure 9 shows a lay-

out of this wing with its 12 low level hot cells,

each designed to handle 200 Curies of gaaua activ-

ity, sad the large dispensary bay capable of con-

taining 2 thousand Curies of activity. The wing

was built for radiochemical post-mortem diagnostic

work on Rover Fuel elements and has been used pre-

dominantly for this projects However, as the Rover

program has been trimmed back to less frequent

tests of nuclear rocket engines in Nevada, these

cells have become available for intermittent use

on other projects. This facility would probably

be ideal for an Isotope production processing plant

in which to dissolve irradiated targets, to dis-

tribute the chemical fractions to separate low-

level cells for purification, «r»d to Uariire out

and bottle the pure radioactive fractions for ,_

shipment. But, of course, no such condtaent of

this facility for this purpose is possible at this

time. However, Dr. C. A. Cowan, head of the Radio-

chemistry group, has said that intermittent use of

some of these hot cell facilities for the isotope

production project is clearly feasible.

The next few figures are included to illustrate

the completeness of this Radiochemistry Hot Cell

Facility. Figure 10 shows the corridor, between

the 12 lav level cells, through which shielded

casks containing highly radioactive fuel elements

are transported to the dispensary bay fo* removal

of the "hot" items. In Fig, 11 can be seen the

operating face of the dispensary bay, and through

the lead.glass window can be seen the tracks of'

the small electric train used to transport itens

from the bay to flay of the low level cells. A

standard containment box, in which all chemical

operations are conducted, is shown in Fig. 12 in one

of th« low level cells. Figure 13 illustrates tha

full scale use of a set of the low level hot c*lJLs

during an operation on Rover fuel elements. Final-

ly, Fig. 14 shows the indispensable, little U and,

Pu electric xailroathvhlch is completely demote

con^oli^d' ' ' /
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Fig. 8. Merrimac service area.

10. Corridor between the 12 low level cells.

Fig, 9. Layout of the Hot Cell Wing of the LASL
Radiochemistry Laboratory.

At this point I wish to emphasize anoiner as-

pect of the business of chemical processing of ir-

raiH.ated targets and recovering, in pure form, the

spallatl/->n radionuclides of value. In the I.ASL

Radiochenistry group exists a rather formidable

air.-r.urit of radiochemict.l expertise and experience.

This grr-up has done all the radiochetnical diagnostic

lNfas^rerfints on LASL's nuclear devices (atmospheric

and underground tests) and the nuclear rocket engine

Inel Elements. I think the book of "Collected

Radioch indcal Procedures" (LA-1/21, 3rd Ed.) put

out by '.his Ra-Jiochemistry group illustrates my

Figure 15 shows the table of contents of

this book and lists separation and purification pro-

cedures for 45 individual elements , plus the 14

rare earth elements and the 14 actinide elements,

or a total of 73 elements covered; a rather large

fraction of the known elements. I do not mean to

imply that this group of about 30 chemists and sup-

port personnel could shift from the important work

presently being done to work on an isotope produc-

tion program, but it is obvious that the existing

expertise 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 previous presentation and will be outlined in

mote detail in the next presentation, call for

precision measurements of all the gamma-emitting

spallati.on nuclides produced in a wide variety cf



Fig. 11. Operating face of Dispensary Bay. Fig. 12. A standard containment box in one of the
low level cells.

target elements. The target foils, of vanadium,

arsenic, niobium, molybdenum, tantalum, lead, and

bismuth, most of which were bombarded with 600 MeV

protons, but some of which were irradiated at 300

MeV, were quickly returned to the LASL Radiochem-

istry lab for the measurements. Tha number of pro-

tons each target was exposed to was determined by

the conventional method of activation of aluminum

and carbon 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

involving some of the potentially useful long-lived

spallation nuclides, such as 5-y 172Hf which decays

to 6.7-d 1 7 aLu and 280-d 68Ge which decays to 68-m

6 BGa. Measurements are also being made of the re-

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

ity (namely, 36-d I27Xe) from irradiated targets of

various cesium and lanthanum compounds, in connec-

tion with a proposal to produce 1 2 3Xe, sweep it from

the target with helium, and collect the decay pro-

duct, 1 2 3 I .

In summary, 1 would say that we have developed

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 exrjrtise
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Fig. 13. Full scale use of a set of low level
cells.

CONTENTS

CHEMISTRY OF Wfi EUMENTS O N THE BASIS OF ELECTRONIC CONFIGURATION

SEPARATION TECHNIQUES

antimony, arsenic |

barium, btryiliuin, bismuth |

cadmium, caldum, ctrium, cesium, chlorin*, chromium, cobalt, curium |

germanium, gold |

indium, iron I

lanthanides, h a d I

magnesium, manganese, molybdenum I

neptunium, nickel, niobium |

palladium, phosphorus, plutonium, protactinium j

rhodium, rubidium, ruthenium |

scandium, silver, sodium, strontium, sulfate I

tantalum, tellurium, thallium, thorium, tin, rronsactinMes, tungsten I

uranium I

yttrium I

zirconium I

COMBINES) PROCEDURES I

GROUP S E P A R A T E * OF THE HEAVY ELEMENTS I

Fig. 15. Table of Contents of "Collected Radio-
chemical Procedures" (LA-1721, 3rd Ed.)

needed for developing the procedures and carrying

out the chemical separations and purifications of

the desired radioactive products from the targets.

From the bombardments ai. 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.
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Presentation 4

RADIONUCLIDES FROM LAMPF: YIELDS AND APPLICATIONS

by

H. A. O'Brien

I. INTRODUCTION

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. Obviously only a few of the possible pro-

ducts can be discussed here. However, the brevity

of this list should not convey the idea of a lack

of interest in other products; but, instead, this

list should be considered as a representative sam-

ple of the range of products that can be prepared

in LAMPF.

The "probable areas of application" were deter-

mined from a consideration 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 isotoplc 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 Vviovi.

A case in point is that of ''Tc, which, when

first introduced as a possible brain scanning agent

In 1964, was of unknown potential value. Yet within

two years of i'.s introduction, it surpassed. In num-

ber of patient administrations, all other isotopes

used in brain scanning. The widespread 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

farslghted scientist Involved In its early

development failed 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 thes3 cases.

II. RADIONUCLIDES FOR MEDICAL APPLICATIONS

A representative list of nuclldes 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 obtained 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 possible medical appli-

cations of gallium radionuclides were begun in 1950
72

using low specific activity Ga. Between 19S1 and

1953, Ga was sr^diad, but the recognition of Its
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utility was hampered by poor instrumentation. These preclude Its use on a routine basis. Since other
68

studies were discontinued until 1961 when Ga be-

came available. Then in 1968, Ga was again stud-
2

led, but this time with a rectilinear scanner.

Although the original aim of these studies was to

develop a new bone scanning agent, Ga was dis-

covered to localize in a variety of lymphomas, a

truly spectacular breakthrough in locating such

tumors. Since thai, time, clinical trials have
67

confirmed the value of Ga for this application.
3,4,5.

This nuclide decays entirely by electron cap-
ture with a total of 10 gamma photons associated
with i t s decay. Of these gamma photons, three are
prominent f0.296 MeV (22%), 0.184 MeV (24%), and

I 1 s
0.093 MeV (40Z) I a l l within the. energy range
of conventional scanners. The 78-hr half l i fe i s

convenient for shipping, but not too long to

radloisotoj.es of gallium have much shorter physical
67

half l ives , Ga can be produced via spallation
reactions in a rudiochemically pure form.

The most significant advantage of Ga-citrate
is i t s selective concentration in soft tissue tu-
mors, when normal binding s i tes are blocked with
small amounts of stable scandium. Heretofore, no
soft tissue tumor scanning agent was found to be as
effective. As a result i t 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 wil l allow for a
more judicious choice of the mode of treatment,
such as tailoring the radiation therapy depending

TABLE I
RADIOIWCLIDES FHOM LAMPF OF IHTERS3T HI MEBICIHE
(Assumed: 750 MeV; l/2 mA; 1 in. Thick Target)

Product

67Oa(78 h)

^ ( S B O d)

^Se^.U d)

tf2Sr(25 d)

83Hb(83 d)

«fc(« h)

17aHf(5 y)

^IKUT y>

teAr(33 y)

Daughter

^ • ( 2 6 h)

6*m,{75 »)

83"Kr(1.9 h)

"hdS h)

172Lu{6.7 d)

^ ( U h>

teK{12 h)

Target

As

As

Mb

Nb

Kb

La

Tfc

V

V

Production
Yield

68 d / d

320 sCi/uk

8.7 Ci/wk

3S Ci/wk

15 Ci/vfc

27 Ci/d

3 Ci/ao

25 aCl/ao

6 aCl/so

Caanents

Soft tissue tussr
scanning agent.
Short-lived posi-
tron emitter for
Bultiple applica-
tions.

A new arsenic brain
scanning agent.

Short-lived Rb for
rapid dynaalc flow
studies.

Rb for Muscular
dystrophy studies.

Lover iodine radia-
tion dose to patients
(about 1% dose of

General purpose
rare earth tracer.

Potential bone and
soft tissue *ca.v-
ning agent.

Established useful
K nucUde.



on the degree of tissue Involvement and the depth
of the site. In the cases of breast cancer, the use
of this diagnostic agent may weU, mean the differ-
ence between a radical resection of the breast and
proximal lymph glands or merely the removal of the
tumor mass from the breast followed by radiation
therapy to the thoracic region.

A recent publication estimated that the ex-
pected number of new cancer patients in these fov
categories la 1970 will total about 150,000. Clin-
ical trials indicate that a 2 mtCl dose of 70a is
adequate for most diagnostic purposes, with a mini-
mum of two doeea per patient. Hence, the potential
annual narfcet for Ga In cancer diagnoses alone is
projected to be 600 Ci/yr. Allowing for processing
and decay losses, the annual production of Oa will
have to be in the range of 900-1200 d/yr to satisfy
this demand. This quantity is well within the annual
production capability of one of our six target sta-
tions.

B. Gallium - 68

Up to the present tine, positron emitting nu-
clides have been infrequently used in nuclear medi-
cine, partly because of a lack of suitable instru-
mentation to detect coincidence gaama photons and
partly because of tha lack of generally available,
Inexpensive nuclldes that decay by positron emission.

O

The Anger positron camera now provides the capabil-
ity ot iosgiug coincidence events m» well as of
selecting a plane of best focue, permitting radio-
isotope tomography with positron emitters.

Among the positron-emitting nuclldes, Oa pos-
sesses almost ideal properties, it is produced from
the decay of 28O-d Oe, and has a half life of 68
nln. Moreover, 88£ of the decay of Oa is by

positron emission with few non-annihilation
photons, tilth the development of new compound tag-
ging procedures in recent years, this nudide may
well become a valuable diagnostic tool, the devel-
opment of which will be dependent on its general
availability. Ho projections of annual us* have
been made for this nuclide; however, the Qe pro-
duction rate of 320 mCi/wk in LAM? is expected to
be adequate.

63

A recent study using Oa-labeled iron hydro-
xide particles in conjunction with an Anger positron

camera suggests that perfuslon toaogras* will have
great value in accurately determining the size and
location of perfusion abnormalities in the lung.

C. Arsenic - 72
The availability of positron-emitting, 26-h

™As should stimulate thi* development of brain
tumor localisation by coincidence counting techni-
ques, especially since it can be "milked" from its
8.4-d parent, T Se. Hence, the daughter would be
available with a useful shelf life equal to that
of its parent. In comparison with 18-d As, the
'As has a shorter half life and eaits about three
times a* many positrons per 100 decays, resulting
in greater detection efficiency. Also, 32$t of the
decay of As is by negation emission, while As
decays entirely by electron capture (< 30J() and
positron emission, resulting in a lower total body
dose to the patient. The rate of Se production
in LAMP? is greater than 8 Curies per week.

S. Rubidium - 82

A very short lived (T, <2 - 75s) isotope, ^ n >
would be of value in repeated, rapid dynamic stud-
ies, such as cardiac output measurements. It can
be "milked" from a 25-day parent (^Sr) that is
producible In high yield (26 Curies per week). This
rubidium isotope decays 96£ by positron emission to
stcble T5r, and could be followed in the body
either by coincidence counting or by observing a
single 511 keV gamma photon.

E. Rubidium - 83
At first glance it appears as though the

daughter of *Wo possesses ideal decay properties
for nuclear medicine applications. It decays en-
tirely by iscmeric transition to stable 3Kr, and

hac a relatively short 1.9-hr half life. However,
the most energetic gsama photon emitted is only
32 k*V, vhich is highly converted. On the other
hand, ha» has been useful in muscular dystrophy
studies. Although it possess** a longer physical
half life (83 days) than 33-d Kb, 83Hb is more
desirable because of its pur* electron capture de-
cay.
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F. Iodine - 123

The most Important Isotopes in meiieint today

are those of iodine, as witnessed by the fact that,

of the 5 million administrations of radloisotopeB

to patients in 1966, over 3.3 million (66.556) were

of iodine isotopes. Because of this widespread

usage in diagnostic applications, there is a great
123

demand for I as it would reduce the radiation

dose to the patient to 1$ that of ^T. This dose

reduction is of extreie importance in pediatric

and maternity cases.

The present amount? of I administered per

patient for diagnostic purposes depend on the

organ being studied (e.g., 35 MCI for thyroid, 150

nCi for liver, and 300 nCi for kidney). A conser-
131

votive estimate of the average dose of I 1B 50

uCi per patient. Further, it is assumed that the

average amount of I given per patient would be

5 times that of I to obtain better scan images.

This quantity times the number of iodine administra-

tions in 1966 (see above) results in e projected

annual demand for 8C3 Curies of I. This pro-

jection does not include an estimate of the growth

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 I would have to be between 3 and k

kilocuries per year.

During the past few years, ̂ ^Tc has become

more prominent in medicine and, in certain cases,

has replaced 1^1I as the Isotope of choice. How-

ever, only iodine is recognized by the medical pro-

fession as giving an accurate thyroid function. In

addition, it remains the element of choice for liver

and kidney scans, and in cisternography, as 0 number

of ""Vc-labeled compounds are observed to rapidly
7

disintegrate upon injection into hunans.

Al-hough 123I has been made in rather large

quantities (a few hundred mlllicurle batches) at

Oak Ridge, the use of that product has been conpro-
124

mined due to the presence of traces of I contamin-

ation. At LAME? it is proposed to isolate the 2-hr

Xe from a lanthanum target during bombardment and
123

subsequently recover the I fron the xenon. Be12V'I contamination would result as the is

stable. However, 60-d 5I would be present in the
125

product as a result of the decay of 17-h Xe. By-

limiting the bombardment time and tba time allowed

for the decay of 2-h 123Xe, an 12^I product with

as little as 0.7$ I could be produced. This pro-

duct would be acceptable to the medical profession,

and vould be a great Improvement over what can be

produced at the present tiae. Because of the wide-

spread use anticipated for this nuclide, it is im-

perative that It be made readily available on a

routine basis, which can best be achieved by the

continuous recovery system proposed at LAMFF.

G. Lutetium - 172

Evaluation of the medical potential of the rare

earth elements (Z • 57 to 71) can be carried out

utilizing a ''TSf - fT« generator. The parent

( Hf) can be produced in LAMFF from a tantalum

target, and, with a half life of 5 yearp, would

provide a long-lasting supply of LU (T./g » 6.7

days) for clinical evaluation. Since lutetium is a

rare earth element and hafnium is not, a practical

generator is feasible.

H. Scandium - kk
12 kh

Reported to be a bone seeker, Sc would pro-

vide localization of metastatic bone involvement

earlier than Is possible utilizing radiograph!c tech-

niques. This nuclide decays 95$ by positron emis-

sion and % by electron captu-.e, giving rise to a

1.15 MeV gamma photon per disintegration in addition

to the 511 keV annihilation ganmas. Scandium-Ut is

the daughter of ̂ 7-yr Ti, which can be nade in the

LAMFF facility at the rate of 25 millicurves per

month. The long half life of the parent is a signi-

ficant economic attraction, and the half life, im-

aging characteristics, and chemical properties of

the scandium Slaughter 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 tumors.

I. Argon - kS

Toe 33-y Ar, which can be produced in LAMPF

at the rate of 6 milllcuries per month, decays by

beta emission to 12-h ̂ C and, hence, would be valu-

able to medical institutions as a continuous supply

of this short-lived nuclide. The medical uses of
ltZK are well established, 1 and Include, among

others, muscular dystrophy, blood flow, and myo-

cardial15 studies. Some medical people, who have
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TABLE XX

PROPCSBD HUCLIDES PRODUCES) BY SPAUATIOH REACTIONS A3 IAMPF TOR USE XR HEDICIHE

Product

^ C r

Target

8a'Sr

129,Cs

1 9 UH B

59,Co

139,̂

2 0 5 ^

Reaction

(p,im)

(p,2p6n)

(P,3p8n)

(p,2p8n)

(p,2pl0n)

Tfr̂ f.T.ifW

23 hr.

8.3 hr

33 hr.

32 hr.

700 d

Possible Medical Use

Substitute for
in blood pool and red
cell evaluation.

Substitute for 59Pe
in rapid Iron metabo-
lism studies.

Bone Imaging substi-
tute for 85Sr.

Cardiac muscle
imaging (? evaluation
of central tumor
necrosis).

Generator for
carrier-free, 39-hr
l^*Au (applications
as 19oftu substitute,
diagnosis).

recently been experiencing difficulties in obtain-

ing K. ac a pharmaceutical, are excited about the

possibility of obtaining the 33-y parent, Ar, as

this would insure a regular, long-term supply of

K essentially on demand.

A number of other nuclides produced by high

energy proton reactions at LAHPF may be of value

in medicine. Table 2 provides information on the

physical characteristics, method of preparation.,

and the possible msdical uses of some of these nu-

clides.

III. RADIOHUCLIBES OF INTEREST IN THE PHYSICAL
SCIENCES

One of the unique advantages in using 600-800

MeV protons for isotope production is the wide dis-

tribution of spallation reaction products that is

obtained. As a result it is possible to prepare a

number of useful products simultaneously in a single

target, as illustrated in Tables I and IIabove. This

high proton energy combined with the large beam

intensity available in the LAMPF enables up to 6,

1-in. targets to be bombarded simultaneously, result-

ing in the preparation of numerous radionuelides,

many of which are relatively far from the beta sta-

bility line,

Alunlnum-26 (T- /2 » 7 x io' y) is the only nu-

clide of aluminum vith a half life sufficiently long

for use in studies of any extended tine, and, as a

result, would be useful in chemical studies of alum-

inosillcates, organometallic compounds, and geo-

chemistry. In addition, it would be of value ia

solid state physics, metallurgy, and oceattographic

studies. Although this nuclide Is currently avail-

able, the product has an extremely low specific

activity and sells for $43,000 per (iCi (before Ifov-

ember 1968, the price «cts $1,000,000 per nCi). 1 7

Ibis nuclide decays 85^ by positron emission and 15^

by electron capture, giving rise to 1.8l MeV (100£)

and 1.12 MeV (h%) gamma photons, in addition to the

annihilation photons. With the LAMP? production

faculty, ^ A l can be made at the rate of 26 stCi per

month, and the specific activity would be about 50$

of the maximum value because of the simultaneous
27

production of Al. This represents an increase in

specific activity of about 30,000 times that of the

current Al product. As a result, it is antici-

pated that the demand for this new product will

substantially increase.

Another long-lived nuclide that has no shorter-

lived Isotope suitable for extended studies in the
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LAMFF

Source (T. /g)

12lvSb (60 d)

^ {107 d)

2O6Bi (6.24 d)

205M. (15-3 d)

56Co (77-3 d)

1 2 UI (4.2 d)

156Eu (15.2 d)

15STb (5.4 d)

^ V (16 d)

1 0 6 % (8.3 d)

U9n|Te (4.7 d)

RADIONUCLIDE

Target

Zr or Nb

Pb

Cu

la

Tb

Ho

Cr

Sb

Sb

TABLE IH

PRODUCTS

Yield

^—

250

645

180

t

•

87

9k

160

370

3to
61**

430**

OF mXEREST FOR (Y,D) SOURCES

(Ci) n/aec/Ci x 10*

2.8

2.9

-15.3 d I'8

1.5

1.2 (D20)

0.73

0.38

0.080

0.040

O.O87

0.053

Neutron
Energy (keV)

23

151

48

89 (peak)

185,51^

21 (peak)

188-463 (7)

164

511

146

377

t Irradiation conditions assumed: E - 750 MeV; I- l/2 raA; t • T

J U L

<2
Beryllium is used as the target mterial except where noted otherwise.
The geometry Is assumed that of a sphere 1 «i thickneso.

These yield* should be multiplied by the fraction of the isomer that is
produced.

physical sciences is 32Si i\/2
 a 500 y). Although

this nudide is presently unavailable, requests for

it have been received from:

a) The Chemistry Departmeat, Univ. of Calif.
at E&via;

b) The Physics Department, Univ. of Minnesota;

c) IBM'8 Thomas J. Watson Research Center,
Solid State Physics Section;

while inquiries as to its availability have been

made by:

d) The Metallurgy Department, Case-Western
Reserve;

e) The Biology Department, Washington State
Univ.

£ven with an estimated production rate of 740 MCi

per month In LAMPF, the current di.mand, based on

the above requests, for over 10 aCl cannot be met

in less than one year.

One of the potential ureas of application for

radionudides from LAMPF that has been looked into

during the past year Is that of photo-iwutron sources,

which are useful in the nuclear safeguard* program.

forecsic science, field activation analysis, oil-

well logging, etc. Some of the possible alterna-

tives to the presently used Sb-Be source are

given in Xable III, which also contains pertinent
124

information on Sb for comparison. Of the nu-

dldes listed in Table IH, the most promising 1*
00 124
°^T, which has a half life als»st twice that of Sb.

88.
The neutron output per unit activity of the ^ f pro-
duct afforda greater flexibility in source geometry

124than doss the Sb. These advantages coupled with
the high yield cf Y. In the LMCV indicate that the

Y-Be source will be economically superior. Present
estimates indicate the need for about sixty Y-Be
sources (15 Ci/souree) during the first year of

19operatica.
Burins August 1970, an informal meeting vas

held with physldsts representing the ABC s Ifuclear
Cross Sections Advisory Committee to discuss the
capabilities of the Isotope Production Fadlity at
LAMS? for preparing, in tens of allllgreat quantities,
radlonudlde targefci for use in nudear physics
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LAMEF RADIOMJCLUffi

Product < T . )

83Hb (83d)

% > (33d)

87Y (80n)

^ r (iO7d)

^Zr (85*)

^Zr (78.1*)

91Nb (lO7y7)
9Znb ( io 7

y )

9 3 B H b ( 3 . 7 y )

TABLE IV

PRODUCTS OF JJOBOBBfOR

LAMET
Target

Hb

Kb

Hb

*>

1WCLBAR PHYSEC3 TABOITS*

Held
Activity (Cl)

67

8>«

87

200

1300

7.0 X 10"6

6.0 x 10-6

n f

* • • lag;

3.5
1.4

1.8

6.2

12cO

8.9

18.0

15.0

11.0*

^ B u (106d)

150Eu (5y)

120

130

12

5.1

n.o
18.0

(9.6d) Hf

260

7.0

20.0

1 T 3I«

(3.56y)

110 53.0

52.0

IrndlAtlon condition* : S - 750 I « 1/2 aA; t, - 1 au.

9 W N yield* ehould be Multiplied by tbe flmetloa of tfe» iaowr timt
la produced.

cross section •Msureaents. Steae studies axe part
of oo-goiog pxognaa being supjsorted by tbe AK'a
ittvlsiona of Researeb ud NUitary Applloktlona. Aa
b lesult of this aaetlng, a l i s t of targete of inteiw
ofv, together vith both the aetlvltlea and aasaea for
eaeb wellde, v»s coapiled and la yreaaoted In Sable
IV. fe»t« that the oalculBUd yielda a » based on a
one-aontti iirsdiatioo. The yielda and distribution
of laotople aasses appear adequate, In general, An*

the proposed studies. It la anticipated that requests
for such targets would eeeur with a freeiuency of oae

par year. So aaet this deamad wuld probably require

two-tairde of the Isotope Stodnetlon fac i l i ty at

LAWT for one south each pear.
In this Motion and the one ta—iilalilji preced-

ing, eonaaratlva e t t l m t s s of the annual daaand have
bean sate for 67Ha» 1 8 3 1 , ^ S l , and * V . i t la ln-

to eoapaxe the annual productloa rate for
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Nuclide

123T

TABLE V
COMPARISON OF PROJECTED ANNUAL DB1AND3 FOR

67Ga 32Si 1 2 3I AND ̂ Y
WITH ANNUAL PRODUCTION IN LAMPF AND BLIP*

Projected Annual Demand Annual Production

1,200 Ci

10 saCi

U,000 Ci

900 Ci

5,900 Ci

3.7 raCi

27,000 Ci

350 ci

BLIP

1,530 Ci

0.082 mCi

1,130 Ci

250 Ci

Assume one LA1?F target statioi. per year per nuclide, and the entire BLIP
facility per l/k year per nuclide.

tt
Based on estimates contained in this communication.

Estimates from Table H , Presentation 2, this communication.

these four nuclides at LAMPF and BLIP on the basis
of these projections. This comparison Is presented
in Table V, assuming the use of one LAMPF target
station per year per nuclido, and the entire BLIP
facility for l/U year per nuclide. Several impor-
tant conclusions can be drawn from Table V. First,
there apparently will exist a national requirement
for large quantities of selected nuclides that can
be satisfied through production from proton-induced
spoliation reactions. Second, the Isotope Produc-
tion Facility at LAMPF is clearly necessary to pro-
duce radionucllties via spallation reactions, since
the BLIP facility obviously is unable to satisfy the
annual demand for all four nuclides in this example.
Third, the annual tine required at LAMPF to pro-
duce sufficient quantities of Ca and 1 2 3I can be
reduced by factors of V and 6, respectively, thereby
providing added target apace, In addition to the two
remaining target stations not considered In this
example, for producing greater quantities of SI

PR

and i as well aa the other radionucllde products
discussed In this L mmaiiil cation.

iv . amsaa RESEARCH IN SPALLATKM REACTIONS

Although present plans indicate that the loo-

tope Production facility at MMPF will not be oper-

ational until. January, 1973, the paucity of data

on spallation reactions in the LAMPF energy range
has necessitated the Initiation of a modest research
effort at the Los Alamos Scientific Laboratory to
insure the full utilization of this facility with
the least possible delay. The major objectives of
these research studies are the following, (l)
Mtssurs spallation reaction cross sections in the
JOO-750 MeV jroton energy range to enable the selec-
tion of the optimum target for each specific radio-
nuclids product or combination of products. Other
factors that relate to thie question are the thick-
target buildup effect, the effect of scattering
mterial Z, and the effect of varying target dieirs-
eter on the cross section. (2) Develop chemical
flow charts for recovering several zadionuclide
products from a common target, using targets bom-
barded with low-intensity, 600-MeV protons as tracer
materials. (3) Where possible during these early
studies, recover usable quantities of future LAMPF
products to Initiate applications development
through cooperative research investigations with
Interested colleagues in the proposed field of
application.

The first irradiations In this program, being
carried out on a collaborative basis with the Phys-
ics Section of Idaho Iteulear Corporation, utilized
the 300- and 600-MeV protons available at the Space
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Radiation Effects Laboratory (SREL) in Virginia.

These studies are being sponsored Jointly by the

AEC's Divisions of Research and Military Applica-

tions, and by NASA, vhich operates the SREL facility

and, in addition, partially funds the Idaho Nuclear

Corporation group. However, the availability of

these funds cannot long continue, and It is impera-

tive to obtain support for this vork on a continuing

basis.

The primary goals of these initial irradiations

are the following: a) measure thin target cross

sections for a variety of targets well spaced in

the periodic table to verify the Rudstao systemt-

ics, which forms the basis for estimating all spol-

iation reaction yields, and to determine the opti-

mum target for each specific product; b) measure

the effective cross sections as a function of

depth for the thick target case; c) study the effect

of varying the Z of the scattering material on the

effective cross section; d) determine the effect of

varying the diameter of the scattering material on

the thick target buildup effect; and e) meagre

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 facility will

provide activated targets having product distribu-

tions similar to those expected from the LAMPF

facility. 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 oS elements formed in

targets subjected to bombardment with 700-800 MeV

protons, as discussed in a previous section of this

communication, the complexity of those chemical

recovery studies cannot be overemphasized. For this

reason it is mandatory that these studies be initi-

ated well in advance of the LAMPF facility, end on .

a continuing basis, to insure the earliest availabil-

ity of radionuclide products from Los Alamos,

AIBO, targets of V, As, Hb, and la were sub-

jected to extended bombardments with 600 MeV protons

in the internal beam of the SREL machine. Th?i intent

behind these irradiations was to build up sufficient

quantities of longer-lived products in these targets

to permit their recoveries and use in the initiation

of limited applications development.

V. RADI0M/CL1DE APPLICATIONS DEVELOJKEHT

As shown above, many of the radionuclides from

the Isotope Production Facility at LAMES" will be

utilized in existing AEC-funded programs at Los

Alamos and other ̂ Laboratories throughout the nation.

In addition to these basic and applied research

applications in the physical sciences,.a new progtcjn

in the area of medical radiotherapy holds a promise

for greatly stimulating research In the use of

radioouclides, both an radiocbemlcals and tagged

pharmaceutical compounds, as agents for locating

all known types of cancer tumors in humans. Ihe

purpose of this new program is tfce evaluation of

the potential of negative plots as a new modality
21 22

for cancer therapy. '

Since the LAMPF will produce the most intense

flux of negative pions in the world, the pre-clin-

ical investigations and eventual therapeutic trials

will, in all likelihood, be centered in Los Alamos.

In anticipation of this program, the National Can-

cer Institute has awarded a two-year planning giant

to the University of New Mexico School of Medicine

in order to expedite, in maximal fashion through

early planning, the introduction of negative pions

as a therapeutic modality in the treatment of tu-

mors.

Of major importance to the effective utiliza-

tion of negative plon beams in tumor therapy is the

need to accurately define the tumor limits prior

to treatment. The successful use of radionuclldee

to locate a variety of human carcinomas and lymph-

oias.s in the past holds promise that, with an inten-

sive research effort, other radionuclide agents

will be found to localize in a wider variety of

tumors. The Importance of the contribution of

radloisotopes to the overall negative pion therapy

research effort was formally recognized during the

recent organization of the LAMPF Biomedical Users

Group, with the establishment of an Isotopes and

Diagnostic Applications Subcommittee. Table VI

indicates the national interest that exists in this

program, which will be centered in Los Alamos.

Hence, a sizeable local demand for medical radio-

isotopes, both for research and diagnostic ua»B,

will develop in the foreseeable future.

It is anticipated that financial support for

research studies of tumor localization with radio-

isotopes will come from a variety of federal and



TABLE VI

OHGAMIZATIQII OF THE LAMPF 3IOMEDICAS USERi>

Chalimn:

Al<.-rnate Chairman:

Ass't. to Chairman:

Members at Large:

Steering Committee

Chain Rlchnan (U. of Texas at Hellas)

Wright Lt-ngtaara (LASL)

Dave Croce (JHB Associates)

Morton KHgerman (Yale University)

R. E. Anderson (UNK School of Msdicine)

Cornelius 'tobies (Donner Laboratory)

Andreu Kbehler (Harvard Cyclotron)

David Hvasey (M. D. Anderson Hospital)

Joseph Cafi'tro (M. D. Anderson Hospital)

Subcommittees:

1. Isotopes and Diagnostic Applications

Chairman: J. D. Shoop (UKM School of Medicine)

Alternate: H. O'Brien (LAH.)

2. Physical ai;i. Biological Sonimetry

Chairnsn: M. H. Raju (LRL - Berkeley)

Alternate: P. Dean (LASL)

3. Cellular Radiobiology

Chairman: Paul Todd (Penn State University)

Alternate: Don Peterson (LASL)

h. Radiation Therapy

Chaii-mn: Max Boon: (University of Wisconsin)

5. Facility and Bean Line

Co-Chairmen: Paul Freinke (LASL) a.o/3 Dick HutBon (LASL)

6. Whole Animal Radiation Biology and Pathology

Ciieirman: Charlec Key (USM School of Medicine)

private institutions. The Niitional Cancer Insti-

tute is already supporting the planning grant men---

tioned above. In addition, the American Cancer

Society recently informed the University of New

Mexico School of Medicine that a grant request to

support investigations of tumor localization with

radloisotopes would receive favorable considera-

tion.11

Other groups, some of which were mentioned

previously, around th? country have expressed an

Interest in the Isotope Production Facility at

LAMPF. A list of a few of these institutions is

presented in Table VH. It will be noted from

this table that aoBt are medical institutions. Oae

in particular is worth additional comaent. It is

well known that the University of Miami School of

Medicine has obtained private funding to purchase

and opecate a multi-particle medical cyclotron.

Why then are they interested In obtaining radio-

nuclidea 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
23

amounts. This course of action, however, would

have to be taken If these nuclides continue to

remain generally unavailable.



•CABLE VII

MSTXTOTIONS EXPRESSING INTEREST IN THE ISOTOPE PRODUCTION FACILITY AT LAMPF

Upstate Medical Center

Sloen-Kettering Inetutute for Cancer Research

Baylor College o f Medicine

M. D. Anderson Tumor I n s t i t u t e

Johns Hopkins Medical I n s t i t u t i o n s

Southwestern Medical School

Mayo Cl in ic

University of Miami School of Medicine

University of Hew Mexico School of Medicine

Vanderbilt University School of Medicine

Medical Div., Oak Ridge Assoc. Universities

University of Michigan

Cincinnati General Hospital

University of Colorado School of Medicine

Syracuse, N. Y.

New York, N. Y.

Houston, Texas

Houston, Texas

Baltimore, Md.

Dallas, Texas

Rochester, Minn.

Miami, Pla.

Albuquerque, K. M.

Nashville, Tenn.

Oak Ridge, Tenn.

Ann Arbor, Mich.

Cincinnati, Ohio

Denver, Colo.

VI. SUMMARY

The information contained in this communication
clearly demonstrates a rational interest in , and
need for, new radionuclide products in quantities
that can be made available from the Isotope Pro-
duction Facility at LAMPF, It i s evident from a
comparison with the BLIP itecility that the super-
ior production capability of the LAMPF fac i l i ty
will be required to satisfy projected annual de-
mands for selected nuelides.
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