
T h e I B R - 2 P u l s e d R e a c t o r

In the ðåï î é from 1 Oct ober 1990 t o 1 October 1991 t he IBR-2 has operat ed for 2569
hours (10 cycles) t o feed the physical experiment s st aged on 11 beam-l ines.

The IBR-2 performance in the report ed period is det ai led in Table 1.

Beginning from Oct ober 1987 the ?ÂÈ; 2 operat es wi th t he new moving refl ector , M R-2
(PO-2), in place of t he first moving refl ector , M R-1 (PO-1), having run 13211 hours since the

reactor st ar tup. T he Ì Â; 2 design service t ime is 18000 hours. I t s operat ing age by 1 Oct ober
1991 amounted t o 12166 hours. T he maximum fl uence the Ì Â; 2 blade is buil t t o sust ain is
6.7 õ 10~~ n/ m~. Âó 1 October 1991 i t was 4.38 õ 10~~ n/ mÐ.

T he annual program of measurement s on the I BR-2 react ivity power effect has been suc-
cessful ly performed. The det ai ls are reported in t he fol lowing sect ions.

T ab l e 1 T h e ch ar act er i st i cs of t h e I B R -2 r eact or op er at i on i n t h e r ep or t ed p er i o d
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Peak power in pulse
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T hermal neut ron fl ux density from surface
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I B R - 2 I n v e s t i g a t i o n s . M a i n r e s u l t s

T hese regular invest igat ions have t he aim of providing exper iment al confi rmat ion of t he
st able and safe operat ion of t he react or . T he collect ed dat a are used t o est imat e rel iabi l ity of
the whole react or and of i t s component s.

M o n i t o r i n g a n d d i a g n o st i c s o f t h e r e a c t o r

Act ual ly, t he parameters of t he reactor are st able on average. At t he same t ime the extent
of reactor noise varies dur ing operat ion and it can be t aken as the indi rect paramet er of t he
current reactor st ate cont rol . In t he IBR-2 reactor t his cont rol is execut ed by two t ight ly bound

systems, one for moni tor ing and the second for diagnost ics of t he reactor st ate.
Noises are being measured and t he data collected dur ing every reactor cycle to yield main

st at ist ical charact erist ics of power pulses, react ivity and moving refl ect or fl uct uat ions. T he
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1 2 .0Fig.1.1. T he clust er ing t ime diagram (t he step-

l ike diagram ) and power fl uctuat ions dur ing the
reactor performance wi th the M R-2 moving re-

fl ect or .
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noise spectrum analysis by the pat tern recognition method helps to reveal anomalous spectral
structures. During the reported 1991 year the 1ÂÂ; 2 operated in the same st able regime as
in 1990. Changes in reactor ï î ëå extent are illustrated in Fig.1.1 through power fl uctuat ion
standard deviat ions (SD) and cluster t ime characteristics. The noise extent t ransit ion seen
at the outlet of this curve refl ects vibrat ion instability of the MR-2 in the init ial period of
operation. Then the curve shows stabil izat ion and further perfect operation of the refl ector .
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Fig.1.2. The average power spectral density represent ing the 7th (see Fig.1.1) cluster center
(solid l ine) with 2 standard deviat ions (dashed lines) in every frequency channel . The split t ing
of the full frequency interval into three is shown.
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Another charact erist i c of the noi se extent is t he averaged spect rum , the " clust er 7" cent er

shown in Fig.1.2 by t he solid l ine. The dashed l ines represent st andard deviat ions in each of t he
frequency windows. The tot al frequency int erval is divided int o t hree, low , medium and high
frequency, windows. These windows can be processed separat ely t o ext ract det ai led informat ion
about changes in react or performance. For example, t hus obtained informat ion evidences, t hat
the st at ist ical charact erist i cs of t he new power fl uctuat ion source, fi rst observed in 1989, did
not change in t he reported period (t he frequency from 1 t o 1.5 Hz in t he window ( [80, 170],
Fig.1.2 ) . T his source appears at an average power of 0.9 M W and i t s int ensi ty grows by 1.2%
(in SD uni t s) with t he increase of power t o 2 M W . I t s connect ion has been est ablished wit h the
vibrat ions of t he moving refl ect or , M R, or t o be more exact , wi t h the vibrat ions of i t s mount ing
hardware and helium j acket .

Addit ionally, à narrow region ( [175-185] window in Fig.1.2 ) wi t h the peak , which refl ect s

the moving refl ect or behaviour,was analysed. This peak is responsible for the appearance of two
subclust ers (t he reactor subst ates) . À cyclic t ransi t ion from one t o the ot her is observed with
the t ime of occupat ion of each substat e being ï î shorter t han à complete two-week cycle. T his
observat ion can be explained Úó the fact t hat t he vibrat ions of t he moving refl ect or depend on
i ts st ar t up condi t ions. T he react ivity var iat ion corresponding to t his t ransi t ion is on t he level
of only 6 õ 10 ~Ü Ê / Ê and t hus infl uences nei ther the operat ion charact erist i cs nor safety of

the reactor .
The " ï î ë å pat tern" of t he IBR-2 operat ion in the report ed period gives evidence of st abil i ty

of the fl uctuat ions due t o react or and modulat or hardware and shows ï î t endency towards their
aggravat ion or degradat ion. T he noise component due to the cooling system remains unchanged
too.

In the reported period measurements on the sensitivity of the diagnost ics' system have been

undertaken. This diagnost ics system based on the pat tern recognit ion method has been shown
to be capable of extracting anomalous fl uctuations on the level of about 10 ~Ü Ê / Ê .

O p er at i on s

The annual measurement of the dynamical characterist ics of the IBR-2 reactor was performed
during the scheduled reactor cycle in Ì àó, 1991. The mean reactor power was 2 MW , the sodium
circulation fl ow rate 90 ï Ð/ h. The prompt power was modulated with reactivity adjustment rod
(AR). The swing of AR displacements was 9 steps (it is about 15 mm). This swing corresponds
to about 10% power relat ive variation. The period of reactivity variation was 0.2 sec, which is
160 t imes as much as the reactor pulsat ion period. À specially developed computer t reatment
has shown that the dynamical parameters of the IBR-2 reactor remained unchanged in the
reported period. The stability threshold at à fl ow rate of 90 òï ~/ h was est imated to have its
earlier value of 8 MW, at à ßî ~÷ rate of 65 ms/ h this est imate is about 2 MW .

I B R - 2 D e v e l o p m e n t

T h e P C - b ased C o n t r o l an d M on i t o r i n g Sy st em ( P C C M S)

Work has continued to improve the IBR-2 control and monitoring system in à search or
higher reliabil ity of control of the reactor state and the state of the maintenance equipment .
At the same t ime the system has been under constant development to increase it s informat ion
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capabi l i ty on the basis of recent achievements in t he fi eld. In 1990 the K FK I (Budapest , Hun-

gary) has advanced à Detai led Plan for t he creat ion of an automated cont rol and .:moné oï ng
syst em for the IBR-2 reactor . Soviet expert s have approved the Plan and t he cont ract has been
signed in Ëèï å. 1990, between t he JINR and the fi rm " M etripleks" for t he supply of t he fi rst

assignment , t he IBR-2 technological parameters cont rol system equipment . T he del ivery of t he

system component s has been accompl ished by Ì àó 1991 and assembly work has st ar t ed. T here
was star ted test operat ion of t he system in parallel wi th the exist ing equipment in t he end of
1991. This wil l help t he st aff Ñî get adapt ed Ñî t he system and develop new, more convenient
programs for t he dat a acquisit ion and t reatment . The whole PCCM S complex comprises, be-

sides the equipment for t he technological parameters cont rol , also the equipment of t he reactor
st ate cont rol system and elect roni cs Ñî execute necessary logic operat ions of reactor moni toring
and shielding (Fig.1.3 ) .

Fig.1.3. Schemat ical st ructure î Ã the PCCM S complex of t he IBR-2 reactor . 1. Emergency and

moni toring signal system. 2. React or parameters cont rol system . 3. Technological paràò åÔåãÿ
cont rol system . 4. Informat ion and diagnost ics system. 5. Input signals. 6. Output moni t or ing
signals.

T h e m ov in g r eAect or , M R - 2P M

Work has cont inued to build the new moving refl ector MR-2PM, in which the combination of
the heterogeneous structure of nickel rotors with the opposite motion of the main and auxill iary
refl ector would be realized. In the reported period à considerable number of the new machine
components have been manufactured and much attent ion given to st rength control of the rotors.

So l i d m et h a n e c o l d m o d er a t o r

Work on t he creat ion of à sol id methane cold moderator (SM CM ) for t hree IBR-2 beam-

lines (No.4,5,6) is now nearing complet ion. T he schemat ical view of t he moderator is shown in
Fig.1.4. T he neut ron moderat ion medium is sol id methane at 20 Ê cooled wit h gaseous helium
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Fig.1.4. The schemat ical view of t he solid met hane
cold moderator .
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a t 10 - 15 Ê . T h e ex p ec t ed ef f e c t i s à t en f o l d r i se o f

t h e co l d n eu t r o n fl u x i n t h e d i r e c t i o n o f t h e t h r ee

ab o v e i n d i c a t e d b eam - l i n es . I n t h e r ep o r t ed p er i o d

t h e d e si g n w o r k h a s b een c o m p l e t ed , t h e m e t h an e-

h el i u m ch a m b er , t h e m a i n c o m p o n en t o f t h e m o d er -

a t o r , m a n u f a c t u r e d a n d v a c u u m t est e d . St r a i n m ea-

su r em en t s o f t h e ch a m b er w er e a l so p er f o r m ed i n à

w i d e t em p er a t u r e r an g e u p t o t h e w o r k i n g t e m p er a -

t u r e o f 2 0 Ê . À t est r i g f o r t h e m o d er a t o r h a s b een

co m m i ssi o n ed t o co n d u c t c o l d t est i n g o f t h e m o d er a -

t o r . T h e p r ep a r a t o r y w o r k f o r t h i s t est i s n ow u n d er

w ay . T h e n ew l i q u i d h el i u m p r o d u c t i o n m a ch i n e w as

a d j u st e d an d st a r t ed su p p l y o f t h e l ab o r a t o r y p h y si -

c i st s w i t h l i q u i d h el i u m .
A n i n st r u m en t t o m e a su r e so l i d m et h an e sw el l i n g u n d er r e a c t o r r a d i a t i o n h a s b een d ev el -

o p ed . T h e i n st r u m en t h as g u ag es t o h el p m ea su r em en t o f t em p er a t u r e s an d v o l u m es o f sm a l l

m et h a n e b ox e s w i t h fl ex i b l e w a l l s . T h i s i n st r u m en t i s t o b e i n st a l l ed n ea r t h e I B R - 2 w a t er

m o d er a t o r b y t h e f a l l o f 19 9 1 an d i r r a d i a t ed d u r i n g t w o o r t h r ee sch e d u l e d cy c l es t o d ev el o p

p er f ec t co n d i t i o n s o f so l i d m e t h an e c o l d m o d er a t o r p e r f o r m an ce .

T ab l e 2 : C h ar act er i st i cs of p ot en t i al al t er n at i v es t o t h e I B R -2

V er sion Ì åàï
power ,
M W

T hermal
neut ron fl ux ,
relat ive,
n/ sec

T her m al
neu t ron
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psec

B ack gr ou n d
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~
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C o m p a r a t i v e ch a r a c t e r i st i cs o f p o t en t i a l a l t e r n a t i v es t o t h e c u r r e n t I B R - 2 r ea c t o r

There are plans Ñî st art const ruct ion of à modifi ed version of t he IBR-2 react or on terminat ion
of the fi rst fuel cycle of t he ÐèÎ ð core in 1995 — 1996. Some alternat ives were discussed during
the year , including those, which off er replacement of plutonium wi th some other fi ssile mat erial .
The conclusion was made that some of them could ensure short er pulses (t o 50 psec), some
lower background power (2-3%), but none could bring simult aneous improvement of t he three
main parameters of t he neut ron source: t he fl ux , the pulse durat ion , the background power
(see Table 2). Preference was given t o PuOq as the fuel , as it helps t o keep high the thermal
and cold neut ron fl ux , t he most advant ageous paramet er of the 1ÂÍ ; 2 react or , which is now
about 100 t imes as much as that from t he spallat ion neut ron sources.

T h e B o o s t e r I B R - 3 0 + L U E - 4 0

The I BR-30 + LUE-40 Üàç resumed operat ion on 21 June, 1990 aft er the shut down for main-

tenance and machine development . T he user running t ime actually achieved in t he report ed
period was 2243.6 hours (9 cycles). Det ailed informat ion on t he IBR-30 + LUE-40 operat ions

is given in Table 3. In 1991 the Design Department st aff of the LNP have developed à new
t ant alum t arget for t he I BR-30. The realizat ion of this design would allow more eff ect ive use
of phot oneut rons in t he core and uniform dist r ibut ion of heat release over t he fuel elements
around the t arget channel . Schemat ical views of t he now operat ing t ungsten t arget and of t he
new t ant alum t arget are given in Figs. 1.5 and 1.6. T he new t arget has been manufactured

and is under test now.

T ab l e 3 : T h e p ar am et er s of t h e I B R -30 b oost er

Elect ron energy
Elect ron pulse durat ion
Frequency
Current in pulse
Average current
Average elect ron beam power
Target material
Mult ipl icat ion
Neut ron pulse durat ion
Mean t hermal power
Average intensity

~

F i g .1.5 . T h e n ow op er at i on al t u n gst en t ar get F i g .1.6 . T h e p r op osed n ew t an t al u m t ar get
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T he high resolut ion neut ron source (HRNS) is proposed t o replace t he now operat ing U-Pu
boost er , IBR-30. I t would be à subcri t ical , highly enriched uranium t arget on the basis of à
powerful l inac LUE-100. T his source would produce up to 2 õ 10~î ï / sec wit h à pulse durat ion

below 1 psec and à pulse repet i t ion rat e up Ñî 200 Hz t o serve t he nuclear physi cs exper iments
by t he t ime-î Ù Û method. T he quali ty of t he source is expected to exceed t hat of t he current
I BR-30 booster by two orders of magni tude. Design st udies go in two di rect ions, one for the
const ruct ion of the new LUE-100 elect ron accelerator and the second for the fabr icat ion of the

uranium t arget .

T h e E l e c t r o n A c c e l er a t o r L U E - 10 0

À conceptual st udy has been undert aken for t he bui lding of t he elect ron accelerator wi th
the parameters: beam power 10 kW , electron energy 150 Ì å× , elect ron pulse durat ion 0.3
psec, pulse repet i t ion rate 200 Hz. The possibil i ty t o act ually achieve t hese parameters has
been proved, t he const ruct ion cost est imated, t he development engineering organizat ions and
manufacturer provisionally out l ined.

T h e M u l t ip ly in g T ar get St at ion

Conceptual studies have Úååï undert aken for the const ruct ion of t he uranium mul t iplying
t arget t o yield t en versions including neut ronics and thermohydrauli cs aspect s of const ruct ion.
The account of t his work has been released and t he choice made on i t s basis. Plans and
specifi cat ions have been drawn of t he HRNS with t he elect ron accelerator Ñî 150 Ì å× and t he
beam power of 10 kW . The 90%-enriched èãàï ù ï í ï î 1|ÜÉåï |ø ï alloy wil l be t aken as t he fi ssi le

material . The conversion media are t o be natural uranium and mercury. T he core wi l l be cooled
wit h à compulsory ai r fl ow and the convert er by means of t he nat ural convect ion of mercury.
The operat ional value of t he mult iplicat ion factor has the upper l imi t of 0.98. In t he st at ionary
mode of t he booster t he core produces the power of 20 kW , the intensity of 0.9 õ 10~~n/ sec,

the fast pulse durat ion of 0.45 @sec and t he delayed neut rons background of 10%. The t arget
const ruct ion al lows t he react ivi ty modulat ion wit h the help of t he four-blade neut ron refl ector ,
which rot at es at 50 cycles per second. In t his mode t he power yield would be 50 kW at t he
maximum value of 0.98 for mul t iplicat ion factor , t he neut ron beam intensi ty 2 x 10~~n/ sec at

200 Hz pulse repet i t ion rat e, t he pulse durat ion 0.9 psec, t he t ime averaged delayed neut rons
background 11.8%. Plans and specifi cat ions include neut ronics and t hermohydraulics analysis
of t he core and convert er design, t he const ruct ion det ai ls of fuel element s and their assemblies
in the core; t he principal scheme of the uranium-mercury convert or t oget her wi th the water-
mercury cooling scheme; the const ruct ion of t he neut ron refl ectors, moderators and shielding.
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