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Introduction 

Recently, the question of the transmutation of long-lived radioactive waste 
has attracted considerable interest. During the production of electric power in 
nuclear power stations, a considerable fraction of the original fissionable material, 
for example uranium, is transformed into higher actinides (Np, Pu, Am, Cm) and 

fission fragments. The long-lived actinides e37Np, 239- 24Th, 241 •243Am and 
244Cm) and a few long-lived fission fragments, 129! and 99Tc among them, 
constitute a formidable problem for mankind. Due to their long half-life (much 
larger than 100 years) it is difficult to find a final depository for them, which 
should be stable for geological times. Therefore attempts have been made to 
isolate these long-lived nuclides from other fission fragments chemically - a 
process called partition. Then one tries to transmute them into stable or shorter­
lived nuclides. A comprehensive description of the field is given by Schapira [I]. 
There are two options to carry out the transmutation: 

i) burn-up of long-lived nuclides in nuclear reactors with k;;, I (k - neutron 
multiplication factor); 

ii) burn-up of long-lived nuclides in subcritical assemblies with k < I. 
This second process was suggested by Tolstov [2], Bowman et at [3], Rubbia 

et al. [4], among others. We are reporting here first experiments on the 

transmutation of 1291 and 237Np using relativistic protons. Konings et al. [5,6] 
. d . 'l d' 129! . l carne out s1m1 ar stu tes on usmg nuc ear reactors. · 
In all of these studies, use is made of iodine salts obtained from nuclear 

reprocessing plants. These !-salts contain two isotopes: 127! (stable) and 129
1 

(T112 = 1.57·107 y). The radioactive isotope is abundant as 85%. Exposing such 

!-salts to neutrons, one can study the following reactions easily, using (high 
purity) Ge gamma spectroscopy [7]: 

~-

129I(n, y) 130r----,>- 130Xe (stable), 
12.36 h 

~-,EC 
121l(n, y)12s1----,> 128Xe, 128Te . 

. 25.0min 

(l) 

(2) 
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Similarly, nuclear reprocessing plants produce isotopically 

(T112 = 2.1·106 y), which again can be transmuted by neutrons: 

237 238 ~ 238 Np(n, y) Np--; Pu (T
112 

= 87.74 y). 
2.38 days 

pure 237Np 

(3) 

The neutrons needed for this transmutation were produced by the interaction of 
3.7 GeV protons in extended Ph-targets. Then the neutrons were moderated within 
paraffin. The experiments were carried out in November 1996 at the 
Synchrophasotron (LHE, JINR, Dubna, Russia). 

Experiments 

The experiments are carried out in the framework of general transmutation 
studies by Brandt eta!. [8(a)], using relativistic protons and heavy ions at energies 
up to 3.7 GeV/nucleon. 

The target used is shown in Fig.1(a): a block of 20 em Pb, composed of 20 
disks, each being of diameter 8 em and 1 em thick, is irradiated with a well­
focused beam of 3.7 GeV protons during 15 minutes with a total intensity of 

1.24· 1013 protons. The full width at the half-maximum of the beam is less than 
15 mm. The Ph-block is surrounded by a paraffin moderator 6 em thick. On top 

of the moderator one finds 1 g U-salt samples, as well as 0.425 g 129! (in form 

of Nal) and 0.742 g 237Np (in form of Np02). The construction of radioactive 

samples of I and Np are well-sealed in Al-capsules, as shown in Fig.2. They were 
prepared by the Institute of Physics and Power Engineering (Obninsk, Russia). In 

addition to the two 129!- and 237Np-samples shown, two identical samples were 
irradiated directly in the 3.7 GeV proton beam during a separate irradiation. 

In this report we concentrate our attention on the results obtained with the 
samples shown in Fig.1(a). The results of the experiment the scheme of which is 
shown in Fig. I (b) will be published soon. After the irradiation, the radioactive 
samples were placed in front of a HPGe-detector in order to study the gamma 

activity. As both 1291- and 237Np-samples are fairly radioactive even without any 
neutron activation, the samples were placed at a distance of 20 em from the 

detector. In case of the 237Np-sample a Pb-plate 1 em thick is placed between the 
sample and the detector, reducing considerably the low energy gamma activity, as 

shown in Fig.3. We identified the (n, y)-reaction products 1301 and 238Np as shown 
in the decay curves of these two nuclides in Fig.4. Further analysis for the 
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Fig. I. The target setup (also showing 1291- and 237Np-samples): 
a) explanation is given in the text; 
b) the scheme of the experiment on transmutation on the basis of spallation 
process 
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Fig.2. The hermetic construction of the samples of radioactive iodine-129 and 
neptunium-237 isotopes. These samples were prepared by the Institute of Physics and 
Power Engineering in Obninsk, Russia 
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Fig.3. The HPGe-gamma-detector without (1291) and with 

the 1 em Ph-absorber (237Np) 
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Total Activity of the samples I Bq 
106 

. 

• 1-130 

• Np-238 

105 

T112 = (2.12± 0.02) d (Lit.: 2.117 d) 

(EikeV: 924, 984, 1026, 1 028) 

104 

T1"12 = (12.4 ± 0.12) h (Lit.: 12.~6 h) 

(EikeV: 536, 668, 739, 1157) _ 

103 
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Fig.4. The decay curves of iodine-130 and neptunium-238, formed in the reactions 
129l(n, -ypol and 237Np(n, y)238Np 

gamma-spectra is state of the art as described in references [7-9]. The results are 
expressed in terms of <<breeding rates>> B, defined as follows [9(b)]: 

B 
number of produced particles 

(single incident ion)-(lg-sarnple) · 
(4) 

This term B is defined strictly in an empirical manner: for the reaction (I) it 

means that 0.425g 1291 is placed at the geometrical position, given in Fig.l(a), 
irradiated with 3.7 GeV protons. 

Results and Discussion 

The analysis of this experiment gave results for the reactions (!) and (3), and 
in addition for the reaction: 

~- ~-

238U(n, y)239u ___, 239Np ___, (S) 

23.5 _min 2.35 days 
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The resulting B-values are given the Table. In addition, one can compare 
corresponding cross sections cr(n, y) for the two reactions studied using 
following equation: 

Bl 82 

NJI)·a1(n, y) NJ.2J-aln, y) 

the 
the 

(6) 

as all targets are exposed at the same geometrical position and to the same neutron 
fluence. Assuming cr(n, y) ~ 6.15 b for thermal neutrons in the reaction 
127I(n, y) 128I, one obtains two further cr(n, y)-values, as given in the Table. The 
corresponding cross sections for the reaction (2) have been reported in ref.[8]. 

Table. Observed breeding rates B and measured a(n, y) values 
for some transmutation reactions 

Reaction 237Np(n, y)238Np 127l(n, y)12s1 129I(n, y)l3o1 

B (10-4) 44±4 1.9 ± 0.2 2.7 ±0.4 

a(n, y), (barn) 140± 30 6.15±1.23 10±2 
180 [10] 10.3 [10] 

Finally we can answer to some extent the question: How long one must 
expose 129!- or 237Np-samples to neutrons before substantial amounts are 
transmuted into stable or short-lived nuclei? Taking the setup as shown in Fig.!, 
one can estimate that a I rnA accelerator of 3.7 GeV protons operating one year 
should transmute 

i) approximately I% of 129! per year, 

ii) approximately 30% of 237Np per year. 
In this estimation we did not consider any technical problem, such as the 

heat-shielding of the target at 1 rnA proton intensitiy or the stability of the Nal­
compound in its containment during the irradiation. Both problems are nontrivial. 
In this paper we only wanted to give some indications of the transmutation 

. f ll 1.291 d 237N . bl capac1ty o our target system to actua y transmute an p mto sta e or 
short-lived activities. 
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KpMsonycTos M.H. M np. , 
nepBbJe 3Kc;nepHMCHThl no -IHyYemno TpaHcMyram·m HO.ua-129 
H HenTyHH51-237 C HCOOJlh3083HHeM pemiTHBHCiC.KHX .npOTOHOB 

c 3Hepmeil 3,7 r~B 

El-97-59' 

npwBe)]CHhl pe3yJILT3Tbl ·nepBLIX 3KCnepm.teHTOB ·no TpaHCMyr3UlUI JlOJI-, 

'fO:aamylUHX pa,uH03KTHBlii>IX OTXO)lOB Ho.u-129 H HCOTYHHif-237, BhlflOJlHCHHhiX Ha 

nyqKe. npoTOHOB c 3HeprHeH 3,7 f3B. PenstTHBHcTCKHe npon)Hhl reuepHpyiOT B 

BCIJ..':CCTBe MatCHBHOi.J CBHHUOBDif MHWCHJ.i }iHTCJICHBHLJC OOTOKH Hefl:rpOHOB, KOTO­

pble 33MC).lJ1511~HC51 B napacfnme H, HCOOJ1h3YIOTC51 JlJUJ TpaHCMyrhUIHI 

~ 291(n, y) 130!(~c) "-7 
130Xe (CTa6.) M 237Np(n, y)238Np(~J ,.->. l1neHTH<pMKaUM~ M30-

TOnOB 
130

! (T1 /Z '= 12,36 4) M 238Np (T112 = Z, 117 CY'f.) npoBe!leHa "!lepHO-CneK, 

TpocKonH4ecKHM MeTOJl0M. CetJeHml TpaucMyraumi 3THX il3oronos cocraemuor 
129' 237 . 

a( l(n, y)) =(I 0 ± 2) 6 H a( · Np(n, y)) = (140 ± 30) 6. 3KcnepHMeHTbi no MJy, 
4eumo rpaHcMyrauHH Bbmom_teHJ>l B H0516pe _1996 r. ua cm-txpocpaJorpoue Jia6opa- · 
TOpMH Bb!COKMX 3Heprwii QJ1}JJ1 ():{y6na). 

P.apora 
1
Bbln0J1Hena B J1a6oparopHH BbiCOKHX 3HeprHi-1.0H5Jl1. 

hpenpHHT 06nClUIHeHHOfO HHCTHTyra ~ltepHhiX UCC.'lCltOBaHIIii. ~y611a, !991 
-

Krivopust9v M.J. et al. , 
Fiist Expe~iments on Transmutation Studies of lodine-129'' 
and Neptunium-237 Using 'Relativistic Protons of 3.7 GeV 

El-97-59 

F. . h . . f I I' d 1291 d 217N . trst expenments on t e transmutaqon o ong- tve a~1 · p usmg 
relativistic protons of 3.7 oev are de'scribed. ~_elativistic_ protons generate in 
extended Pb-targets substantial neut_ron fluenceS. These neutr~ns gef moderated in 

paraffin and are used for iransmutation as follows: 129!(11, y) 130!(~-) "-'> 130xe (stable) 

and . 
237

Np(n, ~)238Np(~) "-?. Th'e isotopes 1301 (T
1 12 

= 12.36 h) and 
238

Np (T112 = 2.117 days) we~e identified radiocheinically. One can esJimate the 

.t_ransmutation cross section {n, y) in the given neutron field as 

a(
129

I(n, y)) = ( 10 ± 2)b and ae37
Np(n, y)) = (!40 ± 30)b. The experiments w~re . 

carried out in November 1996 at lhe Synchrophasotron, LHE; Dubna, Russia. 

The investigation has been performed at the Laboratory of High Energies, JINR. 

Pn:prlnt of the Joint Institt;ie for 'Nuclear Reseill-ch~ DUbna, 1997 


