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Decontam nation of nuclear wastes by transnutation of aktinides
and fission products to stable or shot-lived nuclides i S one of
the urgent problem of the nuclear energy industry.

Different solutions to the problem are being studied.

Accel erator-based installations and special reactor-burners of
actinides on fast and thermal neutrons seem nost. promising today.

Eval uation of transmuting concepts requires conprehensive
experimental activities which can be conbined into special pro-
gramms Of main scientific centres.

This report discusses possibilities to obtain the nuclear data
neeled for evaluation of different targets and blankets for accele-
rator-based transmuting systens.

Thi's concept,where the nuclear flux results frominteraction of
a proton beamw th a thick target,requires a solution of some pro-
blens outside the scope of problenms existing in conventional reactor
physi cs and technol ogy.

I't is,first Of all,because Of nuclear reactions in the target,
which result in production of neutrons in a broader energy range
conpared to the fission neutron spectra.

I n accelerater-based transnuting system one has to fol |l ow
the changes with tine in the nuclide content of the target and
accunul ation of a long-lived nuclear reaction products.

Bl ankets transmuting systems can have different noderator mate-
rialsCheavy water,molted Salts) and ,because of,the neutron energy
spectra of broad range also.

Measurenents of general characteristics of systems for trans-
nutation of Np,AmCm can be performd in functioning reactors with
different neutron spectra. The need for such experinents is caused by
poor experimental data on differential cross-sections for actinides
available now.in these cases the |ibraries do not provide con-
sistent calculated values of constants.
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EXPERI MENTS W TH PROTON BEAWS.

Partially,the data on the total cross-section for actinides,
production cross-section in reaction of protons with taget
nuclei,neutron yi el ds fromthe target per one proton of the
beam,as Wel | as,absolute rates of nuclear reactions in specific
sanples resulting from secondary interactions,could be obtai ned
using activation techniques with semconductor and scintillation
detectors of high resolution.

Irradiation experiments in IHEP(Protvino) Wi ll be perfoned at
different values of kinetic energy of proton beam -1200, 1000
800, 103, 73, 37, 24, MeW). .

The reactions a'7!\‘1Cp,cz)Z4N<’=l and 63(3u(n,p)632n will be used to
monitoring of the primary beamintensity, The weight of the
irradiated targets will up to 100 mg.

The study of interactions of protons with Pb-target requires
that the “arget samples waere enrichnent to 9% of each of the four
isotops -201,206,207,208p,

Correctness of the applied methods for calculation of the tar-
get behavior can be verified by measurenents of space distribution

of neutron flux.In such experinents the sanples of high enrichment
can be used 12ccos,ee%, “F(100%), “Al 100%), 59CO(1009A), 63CU(100%)

B5cucas, 7%, B4zncag, 43, FONbc100%) , 1151ncas, 9% , 197 auc100%) |

The reactions of interest have threshold and thus rather informa-
tive for conparison with the calculation predictions.

Determ nation of the absolute neutron yields fromtargets under
proton bonbardment is performed using cylindrical targets surroun-
ded by thick layer of noderator. The intensity of the prinmary beam
is monitored. The distribution of the thermal neutrons on the space
of layer is measured by conventional detectors. Absolute neutron flux
is determned at several points. Numerical integrations of the mea-
sured relative distribution and normalisation to the absolute
neutron flux at several points will result in determnation of
the nunber of neutron per one proton of the beaminteracting with
the target nuclei

Calibration of detectors for measurement of relative and abso-
lute values of thermal neutron flux will be done in thermal colums
of functioning reactors.
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EXPER MENTAL STUDI ES AND EVALUTI ON OF BLANKET PARAMETERS

The devel opment and design of large scale blanket requires a lot
experimental studies covering all aspects of the problens and may
include experinments with full stalled subsystens.

Miul tiplying properties of the blanket can be successfully
studied using critical systems of negligible(zero)power Or subcri -
tical systems with external neutron source.

In the Institute Theoretical and Experinental Physics(ITEP)

a reactor of zero power MAKET has heen recently commi ssioned
(Shvedov Q. V., .. Preprint ITEP-167,1988). It provi des uni que capabi -
lities for precise studies of the neutron physics,mintenance and
safety problems of the heavy water lattices of various designs.
MAKET has specific design features,different experimental techni-
ques with automated data processing and nodel calculation.

The scope of studies can include determnation of very specific
paraneters of lattice,as well as full scaled core nodel and

bl ankets of heavy water nuclear installations of different type and
pur pose. Table 1 shows design parameters of MAKET which prove its
uni que capabllltles for experinental studies:

- core vessel is 19 n.1t can be early increased to 35 md.This
will allow experiments with full stalled cores of research and po-
werfull reactors,as well,as W th bl ankets of transmuting systens.

-the core vessel is not less 2 mdistant fromthe floor and
the walls of the building of its placing. It has a removable neut-
ron absorption cover and tube supports,to make mnimal the effects
of neutron back-scattering fromconstruction elements on critical
di nensions of studied lattices.

-the shielding of the reactor allows to work at 1 k¥ power.

-the core vessel has containment preventing the contact of heavy
water with environnent of the working area,decreasing thus the
| osses and depl etion of heavy water.

-continuous neasurenents of heavy water levels in the vessels
of hydraulic systemand safety systens prevent |eakage of heavy
water into the core vessel.The full heavy water bal ance can be
determ natedat any instant with a precision of 15 kg of total
quantity 10.000 kg
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-the controlled tenperature in the core can be changed. This
makes possible studies of the tenperature effects on reactivity.

-the experinments on MAKET,except regul ar systems,are al SO
supported with standard and specific automated el ectronic mesure-
ment SYStens.

The design feature and available equi pment of MAKET provide
possibilities for reactor neutron physics studies,as well as stu-
dies of maintenance parameters and safety problems of nultiplying
lattices of nuclear installations of different type.

The results of the studies can be used for validation of conpu-
ter codes applied for model calculation and for the correction of
the nuclear constants.

The studies of blankets of transmuting systens can be success-
fully carried out at MAKET equipped with external neutron source.

This subcritical systemhas a remarkable safety feature,
an uncontrol | able increase of power in such systemis excluded.

It is planned to use the shield of the dismouted reactor HiR
| TEP for installation intended for the blanket neutron physics
studies.The installation will have external neutron source
produced in Be or Ctarget by a beamof accelerated protons or
deutrons.

The neutron source will be surrounded by subcritical blanket on
thermal or fast neutrons with fuel and transnmuted materials as
solids or nolted salts.

The paraneters of such systemw || be sufficient to perform
the required studies.For instance,heavy Water blankets with flux
101 n cm? can be obtaind with deutron beam of 30 Mev ki netic
energy and turret 1 mA.

It is worth noting that ITEP has its one knowhow on construc-
tion of accelerator having required beam paraneters.
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SOVE PROBLEMS OF ACTI VATI ON EXPERI MENTS

It is worth repeating that while evaluting available nuclear
data for actinides,one has to remenber,that blankets of trans-
muting sistems have different neutron spectra. This requires relia-
ble nuclear data in the whole range of neutron spectrum

In the following, the estimtes of uncertainties of neutron
Cross-sections for actinides are obtained.The requirenents for
characteristics of sanples and experimental apparatus are dis-
cussed. The products from (n,y)reactions On actinides have very
| ong life-times.Therefore,activation experiments in the |ow neut-
ron fluxes,such 1t 1S i N MAKET,become difficult.Only the reactions,
3Tptn,y) and 2%putn,y) seem practical for activation technique
studi es on MAKET.The sanple quantities for activation and neasure-
nments of y-spectra with Ce(Li) detector for those nucleides are
0,1-2 .

For measurenents of 84 KeV y- radlatlonfrom 243Putheplanar
ger mani um detector of the 10 10 “3.mitliciency depending on its
size Will be usedThe studies of transmuting fission rea%tlons
are acconpani ed by measurements of fission products of ***Ce and
1012 on the yields of which there exist reliable nuclear data.

The neasurements are advisable under the followng conditions:
-sufficient neutron fluence for reliable detection of y-spec-
tra of fission products in the presence of natural background from

actinides.

-the material of sanples nust be pure enough to have an accep-
ta ble background from reaction on other isotopes end elenents.

-there nust be available precise nuclear data on fission product
lelds for the nucleides under study.

! Let’ s apply the stated requirenents to 237w; 238,241,242p,
241,242m,24 B\m 244, 2450m isotopes :

Tabl e 2 shows y-ray intensities from 43¢ and

Aty o and a0y
as well as intensity of the background fromsanple irradiation for
30 hours in the flux of 101 cn™és.The intensity of y-rays from
3ce is an order of magnitude |arger conpared to 40

140La:



611

Besides,the neasurenents efficiency with a gerrranli‘ilsl,m detector
having a |arge volune,is 10 times higher in case of ~ ce compared
014, Therefore.activation studies nust be based on measurements

of 43ce first of ali.
Such neasurenents, as the data in Table 2 show,are possible for
238, 241, 242,,; a41,a82y,. 245y,

However, fission cross-section measurements for “Np and 243
are only possible with **La due to high background radiation near

300 KeV.

It seems that measurements of **Am and 2%%m cross-sections are
beneficially to performwith “%a because of necessity to sup-
press its |owenergy y-radiation by thefiltres which signi-
ficantly reduce the %3 radiation. Fission cross-section of244gn
can't be measured by the irradiation of the sanple in such a [ow
neutron flux due to domination of the spontaneous fission product.

Tabl e 3 shows the evalution results for necessary quantities
of nuclides in sanples for the event rate accunul ation
1 impss I N maxi mum

It is worth to note that the production of highz enriched
i sotopes ©38pu-g9,6%; 24lpu-gg, ags%; Z42pu-g9.96%; =43an-73,6%;
Upn-g9,949%; S44cn-gg,9%; 43n-99,998% i S routine practise.

| sotopes are delivered as oxides,nitrides,chlorides i n ampouls
or thin layers on support of different thickness. In case of diffi-
culties with a production of |arge sanples for measurenents on
012 one can try also scintillator Spectrometers. In thiscase
the sanples may have 20-50 times smaller anounts of material.

The data on neutron fission yields were reported in CINDA-QO
and “Review of Fission product yields" NEANOC-300-V, 1900(Table 4).
The most _conplete data on fission yields exist for 237yp;24l.242p,
241 Am; e45q,

I n fact,there are two types of experiments to measure cumul ative
yields of '*%a M3ce.me first one i's the mass-spectronetric mea-
surements det erm ni ng total cunul ative yield of the isobaric chains:
v140ch v1430h The second type of experinents based on p-spectrometry
determnes a cumulative yield of specific products. As the yields
of149.a and 3ce are negligible,the cumul ative yields of isoba-
ric chains and 14%La,'3ce should practically be the sane. This
fact can be used a criterion for reliability of nuclear data.
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The data for actinides well fissioned by thermal neutrons exist
for the thermal neutron energy range only. The data on fission products
from *pu; ““Am ““Cm are not published, So,the available data about
the yields of fission products don't make possible activation
y-spectrometric method for neasurenents of fission cross-sections
for 238y, 243,240y Measurements of cross-sections for 24lpy;
241yn. 25on ma Ye performed with a 5% precision,whereas for
237yp: **Pu; “ Am i t h 10%.The cross-section for reaction having
no threshold can he determned using standartig4f3hnrréle4 neytron
fluges.The method coul d be suggested for 238py,©  Am;=""Cm.

REACTOR EXPERI MENTS -

One of the possibilities to obtain the needed nuclear data is
buning up of actinides in the screen of fast reactor BN-350.

The neutron spectrum is essentially changing with the di stance from
the core,as it changes in the blankets of transnuting electronuclear
installations.

Therefore,the needed experinmental data on reaction cross-sections
can be obtained for characteristic intermediate spectra.

The experimental sanples placed into the screen can be irradi-
ated in fluence up to 10!7n cm The measurenents of cross-section
of 24cn become possi bl e.

The transnutation studies based on burning up of actinides in
the hight10% en@s)flux neutron fields with soft Ep%gtrum
require the data on cross-section for “Np and 2429
(Nucl ear Energy Generation Waste Transnutation using Accel erator
Driven Intense Thermal Neutron Souse-C. D. Bouman et. al. ,LA-UR-9!-
91-2601). The presently available data on these nuclides are shown

in Table 5.
The quantities of “Np and %%y sufficient for the experiment

can be obtained by irradiation of sanples in reactor CM-2CHIAP),
“Np and ““gAm can be used in experiments aining at validation

data on thermal cross-section and resonanse integrals for these
actinides or getting data of better precision,



613

The data can al so be used for comprasion Wi th the neutron code
cal culations for some spectra mul tiplj (id | attices.

One-day irradiation of “'Np and * Am sanples in CM2 core
can provide the followng ratios:

24
2w ) 500 -£4%n

237, 241,

=8. T%10"2

(neutron flux in CM2 core is 2x0'h en

The accurulated quantity of <¥p nuclei may be geasured by
y-spectrometry nethod using Np y-radiation or “*Pu a-radiation
after cooling. Production of ~9Am may be measured using 2en
a-radiation.

Correl ations between the nuclide activities wll be:

Nept uni um sanpl e: Americi um sanpl e:
A, (Z3py) A, (FBp L a4
""""" = 600; -=------- = 10'; 7777 777 = 85,
233 241
A, (&3xp) A, (53pa) A,C%4am

On the second stage the repeated irradiation or sanples is per-
formed and the fission quantity is measured by the track nethod
relative to fissions in 29U sample.If ther epeat ed irradiation

Is performed in thermal spectrumwth hardness, equal s 0.2,for
example,the rollowing ratio of partial contributions to the total
fission quantity I S espected:

238
N (="%Npd . .
WA 50 In cadm um screen - 6;

NfC237Np)

---- === “40: in cadnium screen - 1.2

So,there exists the real possi blltg 1 for X erimental measure-
ments of fission cross-section for Np and gAmvvlth suffis-

iently hi gh precision(better then 5%.
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CONCLUSI ON

The experimental programgoing in ITEP is ained at studies

of neutron-physics parameters of targets of transmuting
systems, irradiat.ed by a proton beam of 24-1200 Mev kinetic
energy. It is planned to obtain the estimtes of the absolute
yields,neutron spectra,changes in chenical conposition of
target under irradiation.

The experimental programw |l include neasurenents of the neut-
ron cross-sections for actinides with samples irradiated in ap-
propriate neutron fields of reactor BH-350.Similar experinents
wi il be carried out in neutron fluxes wth sot ener gy Becrum
Val i dated and nore precise nuclear data for @By and ©4<9an
wi |l be obtained fromexperinments using the high flux reactor

CM-2.

.Analisis of existing data on fission products yields for acti-

ni des shows that available data is either not sufficient or
does not provide the reqired precision of activation experi-
merits. New neasurements of fission products yields arp lanned,
Zero pover reactor MAKET with external neutron source(= Cf or
neutron source of (d,t) reaction spectrum will be used for
neutron physics studies of different blanket designs.

In a pit of the dismounted reactor HAR | TEP a subcritical nodel
of a blankel of transmuting sistem With external neutron source
Wi ll be installed.The neutron flux will originate froma target
(Be or ¢y irradiated by the beam of protons or deutrons(current
1 md) of 10-30 Mev linear accelerator. The flux in the blanket
equal to 10lén efif- s-is expected.

.The planned experimental programme with subcritical transmuting

sistemw || make it possible to verify the devel oped in | TEP
conputer codes for reactor calculations,such as TREC,a few
groups code for geterogeneous lattices.
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TABLE 1
BASI C PARAMETERS OF THE ZERO POAER REACTOR MAKET

1.Core vessel B-1 diameter 2.6 m
hei ght 3.6m
vol ume 19 m
2.8afety vessel B-O diameter  3.4m
hei ght 3.7 m
vol ume 33 nm

3.Conrol rods

automatic control rods !
conpensation and safety rods

4 Automatic heavy water level neters in vessel B-1 2
measurement accurency of absolute |evel 1.5 mm
of relative level 0.5 mm

5. Limitater of heavy water level in vessel B-1 L
measurement accurancy of absolute |evel 1.5 mm

6. Signaller of heavy water level in vessel B-1 L
measurement accurancy O absolute |evel 1.5 mm

7. Maxinumrate of heavy water punping into vessel B-1 0.7 1ss
8. Channals of control and safety system 11

g. Channel s of radiation control system
thermal neutrons
internediate neutrons
fast neutrons
y-radiations 3

OO PO

10. Maxi mal power of the reactor 1 kw
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! Mai n background !

Table 2

]
143 1+ 140 1 gama-| i nes !
wreer | wRer | A o
: l le E}, keV ,l (barn)
50X10-" 50X10-°  40x10" ° 3119,9 0, 33
(233py)
3,0x10t 7 30X10-° 2, 4x10*°® 152
| X0’ 201 0,2
40X10-'6 40X1o-" 4 4X0'° 332,3 2,5
9, X10-' 3 59,5
(241,
3, oxto®' 3, oxi0*” 45X10-* 103 0,2
4 OKIO' 7 4,0X10-° 1, 8x10-' | 5,95 0,3
7, 6x10-i 322
3,0x10°* ® 955
1, sx10*° 1 5X10-7  3,2X10-1° 117 1
3,0x107*° 163
3,0x10t " 30X10-'8 4 3X10-1° 277 0,2
¢ 239
3, 4x10™’ 662
7,0x10* " 70X10°'8 3,0x1073 42,8 0,45
spent f spent f. 1 ,2X10-14 152, 6
9, sx10"’ 90x10t"  8,0x10-i ° 817-937
1, sx10* ¢ 1,s5x10Y"  2,4x10 77 174 1
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Table 3

Necessary nuclides quantities i N sample,mg
Flux of fast neutrons 10!% cné™tine of irradiation 30 h

Mbni t or v 1430 ' 140~a !
Hal f-1ife ! 33,0 h t 12,789 d - 40,22 h !
Energy of detected ! -t !

gaima-ray

Kev 1293 1596 |

Em ssion probability! 42,9 ' 95,4

B S S -
237np L 1,5 40 !
238py C2 | 50 |
edlpy r0,2 5 !
edepy 2,5 80 !
241 pm ' 1,5 40 !
c4zmy, ’ 0,4 10 !
e43un v 2,5 ! 80 !
cdden P ' 30 !

2430y ! 0,4 10 |
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Table 4

yields for the transnutation

(CI NDA-90; Revi ew of Fission Product Yields. .NEANDC-300-V. 1990.)

Nut  -!Neut- ! Fi ssion products (% |
lid tron !mmmmmmmmmmmm e ' Note

!spect-! 14015 ' 143c, !

rrum ! ! t Average from
______ Jmmmmmm | mmmmmmmmmmms mmmmm e e b e
237xp 1 fast ! 6,08 0,27 ' 4,36 0,81 ! 3 works

' fast. | (Ch)5,48 *o,027! 16 works

! ! '(Ch)4,71 *0,02 ! 3 works

' 1140825, 80g%0 |, 290 t 4 works
24lpy 1 fast 5,36 0,05 ' 4,56 0,05 !
c42py 1 fast 6,49 0,78 ! !

! 1(140py6,7 20,7 ' 3,95 %0,3 !

! ! (Ch)5,56 %0, 067! (Ch)4, 598%0,032 | 2 works
eAlpm 1 fast 5,32 0,21 | 3,57 0,11t 5 works

! v (5,23 *0,1 1(Ch)3,96 0, 7 !
242y ni therm, ! 5,26 0,51 | 4,11 *0,6 ! 2 works
Ben 1therm. ! 5,37 *0,07 |

Table 5

Fission cross-sections of “’Np and 2429A,

(C. D. Bouman, E. D.

Arthur et al. LA-0P-91-81-2601)

Nucl ide v 238N, 2429A,

T 12, vyac ! 50, 81 ! 16
O.th + +
fo éapH I 2200°200 ! 28007100



