
2 . 1 . T H E P U L S E D I B R - 2 R E A C T O R

In 1992-93 the high-fl ux pulsed reactor IBR-2 was in operation for 4910 hours, as compared
with the scheduled 5000 hours, which provided for completion of the program of physics
experiments on 12 neutron beams. M ore detailed information on the operation of the reactor is

presented in Table 4.
Table 4

Oper ati on of I BR-2 r eactor ø 1992-93
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Total f î ã 1992
11.0 1-22.0 1.93

0 1.02- 13.02.93

22.02-05.03.93

22.03-02.04.93

12. 04-22. 04. 93

17.05-29.05.93

07.06- 19.06.93

25.10-0 1.11.93

15.11-26.11.93

06. 12- 17. 12.93

~

2 641Total f î ã 1993 23 4 8

5438 674910Over al l total

Comment: Ò , is the time of operation for physical experiments; Ò , is the operation time
î É Üå moving refl ector; EPR is the number of emergency power shutdowns.
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Short-term shutdowns î Ãthe reactor were init iated by unexpected actuation î Ãí å emergency
safety system, caused by events classifi ed as zero level events, in accordance with the international

scale of events.
Since the start -up of power production by the reactor (the end of 1980) up to 01.01.1994 it

has run for 26038 hours. The total number of emergency shut-downs during this period was 318, of
which 307 were unexpected. The fl ux density of neutrons with energies > 0.1 M eV incident on the
wall of the reactor casing amounts to 1.3 10'4 n/cm~ ç, when the power is 2 M w. For the above
figures the neutron fl uence on the reactor casing amounted to 1.22.10~~ n/cï Ð by 01.01.94.

The acti ve core. L ong-term operation of the reactor resulted in à partial burn-up of the fuel
and to à corresponding reduction of the operational supply of reactivity. The fi rst renewal of the
active core of the reactor was performed between July 19 and 23, 1993. The decoy cassette (without
fuel) was extracted from the core and put away for long-term storage in the reactor storage pit . It
was substituted by à heat-generating assembly (HGA) with fresh plutonium dioxide fuel (Fig. 29).

~Fiä 29. Acti ve core î / ' the I BR-2 reactor. The f igures indi cate the numbers î /' cells f il led wi th si mulators of

2 are reacti vi ty compensaters, ËÈ 31, ËÈ 32 are emergency saf ety blocks, ÁÀ31, ÁÀ32 - rapid emergency

rej lectors, respecti vely, Í 20 - neutron moderators, Ï Ê-I , Ï Ê-2 - trigger channels.

M easurements carried out after the renewal showed the supply of reactivity was enhanced by
à quantity suff icient for implementation of the scheduled energy production for á years of reactor
operation in the previous mode. The resource parameters of the core after renewal are presented in

Table 5.
The renewal of the core, being à task classified as nuclear-dangerous, was carried out

together with all necessary organizational and technical measures required for nuclear and radiation
safety. À routine test of the state of nuclear, radiation, and technical safety was made by à
Gosatomhadzor (Russian State Atomic Inspection) commission upon completion of the renewal
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activities at the reactor, and ï î deviations from or violations of the established safety restrictions of
the reactor operation were observed.

ÒàÍ å S

Ser vi ce char acter i st i cs of t h e I B R -2 cor e af t er r en ew al

Â ó t h e en d of t h e

sch ed u l ed ser v i ce t i m e

s l a v 2 0 03 1

C har act er ist ic F or 01.01.94

Burn-out of plutonium
- average
- maximum

Reserve of reactivity

2050 M W.day

2.7%
4.| ~~

1.55Þ .05%

4000 MW.day

5.2%
7.8%

Û 0.05%

2 0 5. 10ãã

1. 17 . 10ãã

Fluence î Í àç( neutrons (n/cm~)
- at the centre of the core
- at the reactor vessel (maximum)

1 .5 3

4.0 10~~

2.28 10~~

1.50Volume coef5cient of inhomogeneous
energy release

! Number of loaded fuel element assemblies I 74 74

Comment: The burn-out of plutonium due to fi ssion is assumed to be equal to 1.1 g/Ì W.

day, which corresponds to an energy release of 192 M eV/fis. The reactivity coeffi cient with respect
to the burn-out of fuel is dK/dQ = -8 10-~ MW day. The specific fl uence of fast neutrons (Å > 0.1

M eV) was öçåä at values of äÔÙ = 1.0 10'~ neutr./cï Ð M W day in the central channel and 0.57.
10'~ at the reactor vessel in à median cross section î é Êå core.

The moveable refl ector. À second moveable refl ector, PO-2, has been in operation at the
reactor since October 1987, having been substituted for the fi rst moveable refl ector, PO- 1, the fi rst
refl ector had been in operation for 13211 hours from the reactor startup. The permitted service time
for PO-2 is 19000 hours. Âó 01.01.94 the running time î ÃÐÎ -2 amounted to 18791 hours. When the
resources of ÐÎ -2 are exhausted in 1994, it will be replaced by à new moveable refl ector, PO-2R.
The new PO-2R refl ector is fully analogous to the existing one, except that the control system for
positioning the rotators is more developed. The construction of PO-2R was mainly completed in
1993, and now part-by-part assembly is under way together with some additional machining.
Balancing of the rotors was completed. The tempo of work on PO-2R has been hindered both in
1992 and 1993 by insuffi cient financial support.

The control system for fuel elements. Work has been completed on the construction of an
automated control system for the hermetic cases of the fuel elements in the core zone. The system
controls the activity of the gas in the argon cavity of the expansion tank of contour 1 with à Ge(L i)
detector. When leakage of gaseous fi ssion products occurs, relevant information will appear
automatically on the control panel of the reactor.

The I BR-2 automated measurement and moni tori nz system (AMMS). During the ðåï î é
covered by the report work continued on developing the reactor AMM S. Detailed information on
the system is presented in the 1991 report. The AM M S consists of three subsystems: 1) technical
control (Ò); 2) control of the reactor and of the refl ector (R); and 3) the logical system for
processing and forming control and emergency signals (L).

The measuring equipment for subsystem Ò was provided and assembled in 1991. The
subsystem has been in service for two years. Periodic control of its characteristics revealed its
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operation to be stable. The equipment for subsystem R was obtained and installed at its working
place in 1992 and tested with real signals. In 1993 improvement of the software was performed for
reducing the time delays in the formation of signals for resetting the emergency safety control
system. At present the parameters of the system correspond to the technical assignment . The
measurement channels of subsystem R are to be tested, when the new moving refl ector is put in
operation in 1994. As to subsystem Ü, development work and the construction of equipment was to
be completed in 1993. Adj ustment work should be completed in 1994. Òî à significant degree all the
necessary work was delayed by insuf5cient financial support .

The cr yogeni c moderator. In 1992 work was completed on the construction of à cryogenic
moderator (CM ) based on solid methane. À detailed description of the design was presented in the
report for 1991. The moderator was established at its regular place near the core, transport
operations for its installation and removal from the active zone were worked out, and the control and
diagnostics systems were assembled and adj usted. Complex technological tests of the CM , involving
cooling the methane down to 12 Ê , were carried out in October 1992. À ÑÌ test program was
worked out for the reactor in operation, the safety of these tests was substantiated for certain
restrictions (for powers not exceeding 5 MW hour).

30.10.92-5.11.92 the ÑÌ was put in physical operation while the IBR-2 was operating at à
power up to 1 MW. M easurements of the thermal and neutron-physical parameters were performed.
The following results were obtained at 1 MW: temperature of solid methane was 20 Ê ; power
consumed by the moderator was 490 W as compared with 300 W at zero power; the admissible rise
of reactor power cannot be greater than 0.3 MW/hour; and enhancement of the cold neutron fl ux
(Õ > 4 À) was by à factor of 4.2-5.2 as compared with the regular comb-like water moderator.

In Fig. 30 the variation of the moderator parameters is presented for cooling without power,
when the reactor is operating with power and when the moderator being heated. Fig. 31 presents
experimental spectra of neutrons from the comb-like and from the cryogenic moderators, and in Fig.
32 the respective gain factor for the ÑÌ is shown. On the whole, the assignment parameters of the
moderator were achieved.

Ãæ 31. Neutron speclra measured in Üåàò N 4 of IBR-2
reactor: ! - comblike moderator, 2 - cryogeni c moderator.
The ê-axis - Ë(À), the y-axis represents é å count i nlensi l i es è
arbi trary uni tsf or each spectrutn.
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In 1993 work continued for mastering the
moderator. The main work was the investigation of
solid methane irradiated in conditions close to the
operating conditions of the cryogenic methane
moderator at à power of 2 M W over à prolonged
period of t ime. The purpose of the work was to
obtain the following quantitative characteristics: the
degree of swelling of methane exposed to radiation,
the rate of accumulation and disposal of radiolytic
hydrogen, and the reaction rates for radicals.

~
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T he follow ing results w ere obtained w ith the
specially made UIU Qvf installat ion:

1. N o radiat ion sw elling of the methane in the 20-

60 Ê temperature interv al w as observ ed under

i rradiat ion during periods up to 4 days.
ì åÐå" àå" ~å à1 .g a' " f ~c to" G « th» 2 . A strong temperature dependence has been

ï åè î ï à~å åï ó ( ) : • - è åàëèãåò åï ×/ o b ser v ed f o r lo n et i c s o f t h e h y d r o g en y i e l d f r o m

sp ectr a wi th à semi conductor Si (Li ) detector i n
Üåàè Ì 4 wi th à f l i h t Üà å L = 18 è 0 - m et h an e . A t Ò > 5 0 Ê , h y d r o g en d i ff u si o n w as

measur ement on sma l l- ang ular Çñà„ åè ï ç insigmfi cm t . À , ò > 55 Ê the diff sion rate w m çî

diff ractometer SANS wi th carbon, L = 18 ò ; Ï - high, that w hen the methane w as submit ted to heat ing
current ~~~È~òë î ï chamber i n beam N 6, L = 5.5 for periods of about 10 min, the radiolyt ic hydrogen
m; Ü - measur emen ts on D N -2 diff r ac tometer wi th h ad t un e ~î 1åà÷ å é å m et h an e b e f o r e t h e m et h an e

zi r coni um di oxi de Zr O p, L = 25 è .

3. N o spontaneous fast recombinat ion react ion of radicals (RRR) w as observed in the condit ions
î Ãthe URA M experi ment . RRR w ere init iated in the ñàçå of suff iciently rapid heat ing of the cooling
helium by 3-5 Ê , if the preceding irradiat ion cont inued for at least 4 hours.

À ÑÌ test program for reactor pow ers up to 2 M W has been elaborated on the basis of data
analysis î é Üå physical startup and studies at the URAM installat ion. The results î Ãthe ÑÌ tests w ill

be used in choosing it s optimum operat ion modes. I mplementation of the program is scheduled for

the f irst half of 1994.

2 .2 . ÒÍ Å I B R -30 + L U E -40 B O O ST E R

In 1992-93 the IBR-30 pulsed fast booster, with its inj ector based on the LUE-40 linear
electron accelerator, was in regular operation for 20 cycles of total duration equal to 5030 hours,
which provided for implementation î Ãthe nuclear physics program on 6 neutron beams.

In the 1991 report, the development of à new tantalum target was announced. The purpose
î É Ûç proj ect was an enhancement of the e8iciency using photo-neutrons and the creation of à ò î ãå

uniform thermal fi eld about the target channel. To the latter end the target has been surrounded with
à tantalum screen. The target was installed at its regular place inside the active zone of the booster
and prepared for working tests in October 1992. During tests at nominal power the temperature of
the fuel elements around the target was two times lower than when the target was without à screen.
However, week-long tests of the target turned out to be unsuccessful, on the whole. The tantalum
target, cooled by liquid helium, start ed to disintegrate under the infl uence of the electron beam,
which resulted in pieces of tantalum j amming the target channel, in à drop of helium consumption
and in à corresponding increase in the target temperature. The tests were stopped. The target was

~



replaced by the regular tungsten target, with which the 1992-93 campaign continued. À new target
has been improved taking into account the results of the tests; for instance, tungsten has been
substituted for tantalum, while the tantalum screen of the target has been retained.

At the end of 1992 control of IBR-30 installation became the responsibility of
Gosatomnadzor (State Atomic Supervision) of Russia. In connection Ì é the introduction of new
documentation regulating technical standards, much work was performed in 1993 to bring the
booster into accordance with the new requirements for çàÕå operation.

Financial support of IBR-30 is based on non-budgetary funds allocated to the scientific self-
supporting section "The IBR-30 reactor".

2 .3 . T H E S O U R C E O F R E S O N A N C E N E U T R O N ( I R E N )

The 1991 report announced the start î Ãwork on the design of à new high resolution neutron
source (the old ï à ï å of the proj ect was HRN S), which is to replace the source actually in service,
the IBR-30 booster. In the course of work on the proj ect in 1992 it became clear that it was possible

to create à relatively cheap pulsed source of resonance neutrons with parameters at à world level in
its class. In M arch 1993 the JINR Plenipotentiaries, upon completion of à large preparatory work for
choosing the most promising source, made the decision to create à new pulsed source of resonance
neutrons (IREN) at FLNP.

The rated parameters were defi ned for the two main systems of the installation: for the
electron accelerator and the multiplying target . The principal part of the installation is the powerful
linear electron accelerator LUE-200. The parameters of the IREN setup and of the LUE-100
accelerator are presented in Table 6, while the location of IREN in the building where the IBR-30 is
situated, is shown in Fig. 33.

Tab l e 6

R ated par ameter s of the I REN instal lat ion

~ Electron energy, Ì å×
I Peak current. À

200

1.5

150

0.2

10

0.4

30

540
1,5 10 ' '

2,7 10»

5.6

28

0.0 1

2.5

i Pulse freauencv Hz

Pulse duration, mes
Average power of electron beam, kW

l Duration of neutron oulse. mes
~ Average fi ssion power, kW
~ Peak fi ssion power MW
) Average fl ux n/s
Peak fl ux, n/s
The background in between pulses, %

I M ultiolication
I À÷åãààå lifetime î Ãoromot neutrons mes
~ Volume î Ãactive zone, dm~

Comment: The neutron yield is calculated for å-ó-n-convert er ò àáå from stainless steel,
uranium-235 and uranium-235 mononitride, and for an active zone of plutonium.
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Ë ä, ÇÇ. Layout of l REN i nstal lati on è bui lding 43 of Ë Nß FLlVP (ver ti cal secti on) .

In 1992 an agreement was concluded for designing and constructing the LUE-200 at the

Institute of Nuclear Physics of the RA S Siberian Branch (Novosibirsk) . For two years the INP
carried out à large volume of work in creating the working design of the electron accelerator.
International expertise of the design was carried out . In connect ion with the close completion of the
design work à detailed division of responsibilit ies for constructing the linac was performed between
INP and JINR: about 20% of high technology norm-hours are to be consumed in N ovosibirsk and
the rest in Dubna. Preparation is under way for signing à fi nancial Agreement for implementing the
work in INP.

Close collaboration has been established with Stanford University (USA) concerning the
issues of the linac construction. For the IREN proj ect the most modern and most powerful clystrons
in the world, constructed at Stanford, will be used as sources of SHF power. À corresponding
agreement has been prepared and signed between the Department of Energy (USDOE) and JINR.
Permission has been obtained and à program has been worked out concerning the supply and
transport î é Üå clystrons and the equipment for them. The fi rst clystron and its equipment have been
paid by JINR and will be delivered to FLNP in the summer of 1994.
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À new scientific experimental department was formed in FLNP, and its task is realization of
the IREN proj ect . In order to reduce the design and construction time and realization expenses à
cooperation has been established between FLNP and some other JINR laboratories. The linac
focusing system and the channel for transport ing the beam to the target are under development at the
L aboratory of Nuclear Problems. Í åãå, also, the general layout of the linac in the appropriate
building is being worked on. The electron source is being designed together with staff members of
the Laboratory of High Energies and the L aboratory of Nuclear Problems. At present à version of
the vert ical arrangement of the electron source and of the high-voltage supply for it has been
completed. Work is under way in the new department on modulators for the American clystrons. At
the same time the department has begun working on design and experimental work for à choice for
elements of the linac beam diagnostics system.

An agreement has been concluded with NIKIET (M oscow) for preparation of the technical
design for the target complex of the IREN installation. The proj ect involves development of the
active zone with plutonium fuel elements such as the elements for IBR-ÇÎ , of an electron-neutron

converter, of cooling systems, of an emergency safety system, of à biological safety system, and of
neutron refl ectors and moderators. The layout of the multiplying target together with the tungsten
refl ector (à tungsten-nickel-iron alloy) and water neutron moderator is shown in Fig. 34.

~ ä ~ ç å Ø Ð . p a r g e t 4.~è~ ~'"~ 34.

The active zone î é ëå target consists of 108 fuel elements 16 cm high. The amount of loaded
plutonium is 17.6 kg for à neutron multiplication coef5cient equal to 0.98. Utilization of plutonium,
instead of uranium, as planned for the first version of the target, will permit à twofold enhancement
î Ãthe neutron fi ux at the surface î Ãthe moderator. The spectrum î Ãneutron leakage is presented in
Fig. 35.

Practically all 10 kW of the electron beam power are released in the form of heat in the heavy
material of the converter inside à volume of the order of magnitude of 1 ñï Ð. À beryllium beam
scatterer is to be utilized in order to reduce the energy release density. The role of the scatterer is
clearly demonstrated in Fig. 36, in which à comparison is made of electron-phonon showers, when à
beryllium scatterer 10 cm high is present and when it is absent; 25 histories were simulated for
electrons of init ial energy equal to 150 Ì å× . The radial distribution of released power is shown in
Fig. 37.
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An agreement has been concluded with PKNTs "Reconstruction" for à computational

technical substantiation of the multiplying target. However, owing to à delay of the preliminary
payment Úó JINR, provided for in the agreement, implementation of the agreement has been delayed
by half à year. This has shifted the performance of work in NIK IET . Àë agreement has been
concluded with GSPI (Moscow) for preparation of the working design of IREN, that is to include
disassembly of the IBR-30 booster and appropriate accommodation of the parts of the new electron
accelerator and of the neutron multiplying target . At present all design work is being carried out in

close collaboration with FLNP.

Besides creation of the IREN installation itself in 1994-96, plans are to reconstruct the
experimental base for studies in neutron nuclear physics. This will not only make possible the
utilization of à first-class neutron source, but also, to actually have à neutron factory providing the
broadest experimental facilities possible for specialists from JINR member states and from î áæåã

countries.
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