PIK reactor state of construction.
K.A. Konoplev
Neutron Physics Department, Petersburg Nuclear Physics Institute,
Orlova Roscha, 188300, Gatchina, Russia
Kir@pnpi.spb.ru

SYNOPSES

The Report gives description of the current stafuBIK reactor that is under construction
at Petersburg Nuclear Physics Institute. Powedsearch reactor has thermal neutron flux
of 510"n/cnTsec.

Plans of complete construction work and puttiegctor PIK in operation are considered.

Second part of report gives results of critical@axpents supported reactor first criticality
program.

In the past years the reactor construction leas llinanced at a poor level less then 200
million rubles annually. All this time we press fogmarkable increase and prepare three
construction phases to finalize design. At pretiem Government approved the decision of
finalizing reactor PIK construction on year 2012 ari financing all the rest of PIK estimate
sum. .

The equipment for the first phase is about 90&umbed. Practically all subsystems of
the primary coolant circuit are completed. Watet ten these systems and primary coolant
circuit itself begins. Electrical and instrumentati systems are also tested. Fire control
system and physical protection systems for thé ffinsse are partly in operation.

On the reactor full-scale critical facility startapre are examined.

The PIK reactor features high experimental poantot only due to the high intensity
neutron beam, which is approximately by one ordghndr than that at the existing medium-
power reactors, but due to availability of the sesrof hot, cold and ultra cold neutrons as
well. Therefore, compared with the research reaatogated in 50-60s, the PIK reactor will
give unique opportunities for extending the neutlmam research activities conducted
currently in Russia, as well as for launching nesearches that are technically impossible at
the moment.

INRODUCTION

There are a number of research reactors in Rassl at first glance there should be no
problems with performing of research and develogmenks [1]. On the other hand rather
complicated situation with research reactors desigfor physical researches, i.e. beam
reactors has developed in Russia. As a matterabfwa got four medium power reactors
remaining only with fluxx10'* n/cnfiSec after the dissipation of the USSR. All of theere
built in sixties of past century. Putting it mildihey don’'t meet requirements of modern
experiment to the full extent despite the fact timaidernization has been made on some of
them. IBR-2 reactor in Joint Institute of Nucleagdearch, town of Dubna, unconditionally
pertaining to world-class neutron sources is a draxception. But this is a pulse reactor
with time related mean power of 2 MW, which explicinot enough for performing of a
wide range of works demanding collection of consatbee number of events.

In our opinion the necessary alternative forhswevelopments is completion of
construction of PIK high flux reactor complex whishunder way on PNPI site.

PIK reactor is as good as the best world-wide HERnb research reactor of International
Institute named after Laueh-Langevenah, city ofn@bde, France, in its parameters and
research and research capabilities. There idoubt that full-scale implementation of
PIK Project will cope with the demands of all thgeacies in Russia, interested in use of
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neutron methods of substance mater research. Rtiorels to be considered as arrangement
of Grenoble type international neutron centre [2,3]

The declarations that the Project is out of dagard from time to time are totally
groundless. We remind that selected reactor cordigun, including compact active core,
cooled by light water and heavy-water reflectoragdvantageous for beam reactors, and
above all neutron-flux density in beams of PIK teadits record high.

PIK REACTOR
Design was done by cooperation of scientiBader Petersburg Nuclear Physics
Institute, chief designer Research and Developmiastitute of Power Engineering
(NIKIET), chief planner All Russia Design and Sdiéo Research Institute for Complex
Power Technology (VNIPIET) , chief planner Sosn@®gr Design and Survey Institute
(JSC SPII VNIPIET)
and some patrticularized licensed entities.
PIK reactor core is akin to the core of SM-2ater in its design. Fuel pins (Fig.1) of the
same type with the ones of SM-2 reactor with heighteased to 500 mm have been used
[4]. The reactor is presented in Fig.2 schemaycall
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Fig.1 Reactor PIK fuel element



Fig.2. PIK reactor
section.

1. Fuel-handling
machine. 2. Sluide
gate. 3. Side control
rod channel 4.
Central experimental
channel. 5. Inlet
pipe. 6. Top cover of
reactor. 7. Transfer
drum. 8. Top vessel.
9. Heavy-water
reflector tank. 10.
Biological shield. 11.
Iron — water shield.
12. OQutlet pipe. 13.
Central control drive.
14. Horizontal

experimental
channel. 15. Beam
gate. 16. Beam gate
hydraulic drive.

17. Vibration
protecting of
experimental hall.

Fuel rods of that
type have already
been in operation in
SM-2 reactor for
many years under
peak specific load of Q= 8 MW/I and more [5]. Qmax IS at level of 6 MWI/I in PIK
reactor. The fuel rods are put together in cassaifetwo types (Fig.3). 18 fuel rod
assemblies form reactor core with central chanmedutron trap.

1. Inner vessel
2. Outer shroud

3. Cooling water

Fig 4. Reactor PIK
Fig.3. Reactor PIK core and fuel vessel

assemblies



Differences in design of SM and PIK reactors @enected with their application. PIK
reactor is designed mainly for pursuance of theaeh of outlet neutron beams. Heavy
water, making it possible to have significant vokumith high density of slow neutron flux
is used as reflector.

The core is cooled with water under pressurBlbar and is contained in double wall
stainless steel cylindrical vessel (Fig.4). Heawatex under pressure of 16 atm. circulates in
gap spacing between two vessels for cooling ofalessAt first it was supposed to use this
gap spacing also for reactivity control by gadaimi nitrate solution in heavy water. The
quick brake of stainless steel pressure shell isidered to be incredible. The extension of
hypothetical crack in extreme case may lead toctedée and insignificant water leaking
from the core to gap spacing between the shellgeltleeless, the use of gadolinium nitrate
solution to compensate the burn-off has been mgjefdr reasons of add-on safety. It is
possible to use this absorber as additional systasn for increasing of negative reactivity
on shut down reactor in some very rare circumstntile reactivity control and automatic
shutdown is carried out by two hafnium absorbinginchers at the boundary with central
trap. There are 8 absorbing plates disposed anyheater reflector of which 6 plates are
used for start-up and 2 ones for automatic shutdown

The reduction in weight of controls due to refuBaim gadolinium nitrate solution has
been overcompensated by use of burnable absorberfonm of rods (burnable absorber
rods) [6].

PIK new fuel assembly with burnable absorber rous with change of shrouds’ stainless
steel material by zirconium has been developed. db&ined by change of cassettes
shrouds’ material add-on reactivity margin is plad to be used for arrangement in the core
of materials samples for radiation treatment, idirig surveillance samples of PIK reactor
vessel.

The start-up of reactor shall be carried ouaithyel assemblies of initial design with steel
shrouds and without burnable absorber rods. Thisvas procured for start-up in eighties,
which failed to take place due to changes of reguants for reactors safety made after
accident at Chernobyl Nuclear Power Plant.

Parameters of PIK reactor are produced in Tabkasdl2.

Table 1. PIK reactor parameters

Power 100 MW
Maximal specific power 6 MWI/I
Core volume 50|
Core diameter 390 mm
Core height 500 mm

Fuel elements of the PIK type

- Enrichment 90%
Fuel UG in the copper-beryllium matrix
Uranium density in the matrix 1.5 g/&@m
Cladding: stainless steel with the thickness 06 Orin
core fuel concentration by uranium-235 — 600 g/

Reflector DO
Diameter - 2.5 m

Height -2m

Cooling circuit
Coolant -H,O
Pressure - 50 bar
Flow-rate - 2400 rthour

Inlet/Outlet temperature - 50/%5




Table 2 Parameters of experimental channels

Central loop channel in the core

Thermal neutron flux [B0"° n/cnfs
Fast neutron flux (E>0.7 MeV) 710" n/enfs
Channel diameter 100 mm

Diameter of container for irradiation 41mm

At the pressure of 50 atm, the coopogyer is 400 kW

Pressure range £50 atm.

Horizontal channels— 10 units

Thermal neutron fluxes on bottoms (6.1.2) 16° n/cnfs
Thermal neutron fluxes at the outlet (6.3) 10" n/cnfs
Diameters 106 250 mm

Inclined channels— 6 units
Thermal neutron fluxes on bottoms (0.2+ 1) (10" n/cnfs
Fast flux (E>0.7 MeV) on bottom (IEC5)  1@*n/cnfs
Thermal neutron fluxes at the outlet (0.4+ 2) L0"° n/cnfs
Channel diameters 90 — 140 mm

Vertical channels¥ units
Thermal neutron fluxes on bottoms +(3) 10 n/cnfs

Channel diameters 60 mm

Cold neutron sources CNS -2 units
1. In the vertical channel for the men outlet to the neutron guide hall.

Average flux value over CNS 14 n/cnfs
2. In the horizontal channel HEC?2 toz ultra-cold neutron outlet
Thermal neutron flux 210" n/cnfs

Hot neutron source H N-SL unit

Average thermal neutron flux value " n/cnfs
Wavelength at maximum 0,5A
Flux at the outlet 810 n/cnfs

Neutron guides- 7 units (with possible growth up to 9)
Wavelength A =1.0+12A
Outlet fluxes (0.3 1.5)[10° n/cnfs

There are two loops available in reactor - ameantral experimental channel and the
other one in inclined experimental chanieb in addition to two cassettes in the core for
materials radiation treatment in reactor. The @nexperimental channel is arranged in
water trap in centre afpy core. The unperturbed slow neutrons flux in tharmel is 5
10" n/cnfs. The fast neutrons flux in central experimentzrmel comes up to 710"
n/cnts (E > 0.7Mev), and power density is about 25 + 50 W/g depemdin material [7 ].

The loop is cooled with water under pressure ab&Owith design heat takeoff of 400 kw.
Operation under low pressure of about 1.5 bar ssipte [8]. The required features for
cooling of exposed to radiation samples in emergesiates have been provided in this
channel that makes it possible to make radiatieattnent of both non-fissionable and
fissionable materials.



Arranged in reflector inclined experimental chanheb is equipped with helium gas
cooling for operation in wide temperature rangecat cryogenic temperatures to hundreds
Deg.C and designed for research in the field ofatamh physics and materials science [9].
Radiation treatment of fissionable materials irs tthhannel is not possible. The fast neutrons
flux (E>0.7Mev) gains 2.510" n/cnfs.

The Effective iron-water mixture has been usebdiological shield permitting to reduce
its thickness and thus increase neutron fluxethe outlet of horizontal channels. In
addition to that the external layer of biologicaiedd has been made as dismountable one
that makes it possible to bring elements of expenital plant, e.g. scattering crystal even
more nearer to radiation source (Fig. 5).

Fig. 5. Biological shield of PIK
reactor.
1. Dismountable shield
2. Biological shield 3. Iron-
water shield. 4. Reflector
tank. 5. Vessel and the core.
6. Cold neutrons source. 7.
Neutron guides

Reactor design provides
possibility for replacement of
channels with change of their
configuration. Vessel of reactor is
also made as changeable one. This
flexibility makes it possible to
change parameters of beams and
core according to experiments
requirements.

It may be possible to get on PIK reactor one antl folds higher densities of neutron
beams in the long term. With this aim in view itnecessary to replace steel material of
vessel with aluminum alloy and beryllium bronze emal of matrix in fuel rods with
aluminum also. Now this operation is confined kggstof calculation studies [10].

The replacement of copper matrix of PIK fuel piwith aluminum alloy only is
considered as closer perspective. Such replacefred add-on reactivity, which may be
used for increase of volume of exposed to radias@amples or increase of fuel burn-up.
Change of copper with aluminum will make it possilbb install up to six materials test
cassettes in fission core [11].

STATE of CONSTUCTION
Construction of reactor began in 1976. Consiwacof building was completed and

much of installation works were made in 1986. Theastruction of cooling circuits was
completed, control and instrumentation desk mouatedl adjustment of circuit pumps and
valves started. The requirements for nuclear resctafety have been revised in the USSR
after Chernobyl accident. PIK design failed to mietse requirements and was revised to
great extent. Reconstruction design led to sigaifi changes in reactors systems and
doubled initial cost.

Construction of containment was most clumsy partth& reconstruction. This led to
necessity of dismantling of building roof coatirdismounting of all the equipment on two



top floors and preservation of equipment on botfwors. The changes in engineering part
are mainly connected with add-on redundancy oftgafgstems.

Objectively, the construction of the reactoreltswas suspended after Chernobyl
accident. In the beginning the pause in constraoctwas governed by search for
reconstruction technical solutions and their apardy regulatory bodies and citizens, then
by hardships of internal containment constructiod &ater on by decrease of financing to
the level close to maintenance and preservatidiuidif structures. Nevertheless we managed
to build internal containment and complete majonstauction works without internal
decoration in 1996. In 1999 three departmentgested in construction of reactor, namely
the Russian Academy of Sciences, the Ministry admit Energy and the Ministry of
Industry, Science and Technologies adopted a reswolaf the construction joint financing.
This made it possible to proceed with installatadrnreactor systems according to already
new design. The size of financing was too smatidimplete construction in reasonable time.
In August 2007 the Russian Federation Governmeak tiecision of appropriation of funds
remaining according to cost account for completibononstruction in full in 2012.

We marked three stages of the design implenientat

The ' one is performing of first criticality (startupf oeactor. The % one is power
startup, i.e. yield of design power of 100 MW afidrich physical experiment operation is
feasible, and the 3 final one, including installation of hot, cold andtra cold neutron
sources, completion of works relevant to fitting refutron guide hall and installation of
neutron guide systems, development of plant fdecedrs heavy water isotope treatment.

What have we managed to do?

Practically all the buildings and structures hagerbbuilt (Fig. 6).

= Fig.6. Reactor
PIK

The premises
S R - have been
e | - finished  for

e o installation and

adjustment  of

equipment.
Heat, power and
water  supply
have been
provided. Power
substation  of
110/ 6 kv,
backup diesel substation and heavy water isot@ganent plant constitute the exemption.
The first two of them are required at the stagpafer startup, and the last one after reactor
operation at design power for buildup of tritium.

The erection in process hall of reactor, includiegctor vault in which reactor vessel and
heavy water reflector tank are installed has beenpteted. The main water flow circuit and
connected with it systems of emergency cooling,nobal water treatment, pressure
maintenance etc. has been assembled. Systemdef tiutuit cooling have been erected.

Beams gates in experimental channels have beemgadaThe power control rooms have
been fully equipped. 85 % of power lines, checkcaibles and small-diameter pipes to



instrumentation have been completed. The instatati reactor control room and command
console has been practically completed. Considergmrt of fire alarm and fire
extinguishing system has been installed and pataperation. About 85% of'Istage works
have been performed in general.

PREPARATION for FIRST REACTOR PIK CRITICALITY.

A critical facility “Physical model of PIK reant’ [12] has been developed for study of a
set of questions relevant to physics and engingeoh reactor under construction,
justification of its safety and improvement of féshnical performances.The critical facility
“Physical model of PIK reactor” repeats designrefctor in core area, reflector and all the
channels both process and experimental ones (JFigThie maximum authorized power of
critical assembly is 100 W. Dismountable fuel rochgs are used in fission core.
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Fig. 7. The critical facility “Physical model of RiIreactor”.

It will be observed that result of calculationograms have closely coincided with
experimental data [13] that give confidence in eorfoundation of safety.

The development of measures for extension of felCtor operation cycle from two to
four weeks has been most meaningful result, obdame critical facility. This has been
achieved by insertion of burnable rod absorberesxdtof part of displacers in the cassettes.
Check of burn-off dynamics has been made on WWReadttor [14].

Startup set of fuel assemblies had been manuéttbefore development of burnable
absorber rods for PIK reactor. Reactivity of th& fliel assemblies is not compensated by



operating controls.

Partial burn-off of the come nequired under current operation.

Aluminum displacers are used instead of threerued arrays for %Lloading (Fig. 8).

of

It

fission

Fig. 8. Loading of 15 fuel assemblies of critical
facility PIK with outside displacers. 2 rods aoaded.
Depth of shutter loading H = 276 mm.

IS necessary to determine power
distribution in core, so called power density iukgity
factor Ky for safe power startup. The methodic of
fission products activity measuring [15,] in fuelds
drawn from dismounted fuel assemblies has been used
for determination oKy. Fuel rod itself is the indicator
rate. An example of power
distribution in most energy intensive internal fuel

density

density

assembly array is presented in fig. 9 (variant®fuel

assemblies).
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Fig.9. Distribution of power
density over fuel rods length in
internal fuel rod array.

The Max. value ofKy =2.6:0.2
ha been obtained for fission core of
15 fuel rod arrays. The Max value
of Ky =2.7+0.2 has been obtained
for fission core of 12 fuel rod
arrays. In both cases the first layer
of fuel with content of fuel equal to
1/3 of the nominal level proved to
have maximum energy density.
The 29 layer also with reduced
fuel loading is undercharged
strongly. 3 in it is approximately
less by 40%. This shows non-
optimality of fuel profiling in fuel
rod array startup seky=2.5t0.2 in
3 layer of fuel rods with nominal

loading of uranium if the core of 15 fuel assenbadKy =2.60.2 in the core of 12 fuel

assemblies.

The mentionedy values are visibly lower than admissible valu&e=3.3:0.3for core
with complete number of 18 fuel assemblies. In@eafsaverage specific power density by
12 % and by 31% due to reduction of number of fuwels in startup cores of 15 fuel
assemblies and 12 fuel assemblies accordinglyneilllead to excess heat loads in most

energy intensive fuel pins.

Operation at power up to 100 MW without restoios is feasible for choused startup

loading.

The reporter acknowledges gratefully his co-authors and co-designers mentioned below in

references.
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