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2 Introduction

The MIR reactor is mainly The MIR reactor is mainly 
designed for testing of designed for testing of 
different nuclear power different nuclear power 
reactor fuel under normal reactor fuel under normal 
(steady(steady--state and transient) state and transient) 
operating conditions as well operating conditions as well 
as emergency ones in a as emergency ones in a 
certain project.certain project.

–– operatingoperating FA FA channelchannel

–– experimentalexperimental channelchannel

–– combinedcombined operatingoperating
FA FA withwith absorberabsorber

–– controlcontrol rodrod channelchannel



3 Introduction
CurrentlyCurrently 6 6 looploop facilitiesfacilities areare availableavailable inin
thethe MIR MIR reactorreactor. . EachEach ofof thesethese facilitiesfacilities isis
connectedconnected withwith 11--2 2 looploop channelschannels ((thethe
maximummaximum diameterdiameter -- upup toto 148148 mmmm). ). TheThe
channelschannels areare usedused forfor settingsetting upup
experimentalexperimental devicesdevices withwith experimental experimental 
fuelfuel..

LoopLoop facilitiesfacilities equipmentequipment::
•• CirculationCirculation circuitcircuit ((pumpspumps, , heatheat exchangersexchangers, , pressurizerspressurizers, , etcetc));;
•• CladdingCladding integrityintegrity controlcontrol andand coolantcoolant gammagamma--activityactivity systemssystems;;
•• ««DetonatingDetonating mixturemixture»» burningburning circuitcircuit;;
•• SystemsSystems providingproviding waterwater conditioncondition, , feedingfeeding andand samplingsampling, , ionion exchangeexchange filtersfilters;;
•• EmegencyEmegency coolingcooling systemssystems;;
•• VacuumVacuum channelchannel insulationinsulation equipmentequipment;;
•• AutomaticAutomatic parameterparameter measuringmeasuring andand registrationregistration systemsystem..
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5 Introduction

1.1. TheThe teststests forfor improvingimproving andand upgradingupgrading thethe RussianRussian PWR PWR 
(WWER) (WWER) fuelfuel: : 

longlong termterm teststests ofof shortshort--sizesize rodsrods withwith differentdifferent modificationsmodifications ofof claddingcladding
andand fuelfuel pelletspellets; ; 
reirradiationreirradiation ofof NPP NPP refabricatedrefabricated andand fullfull--sizesize fuelfuel rodsrods upup toto achievingachieving 80 80 
MWMW··d/d/kgkg U; U; 
continuationcontinuation ofof thethe RAMP RAMP typetype experimentsexperiments atat highhigh burnburn--upup ofof fuelfuel;;
experimentsexperiments withwith leakingleaking fuelfuel rodsrods atat differentdifferent burnburn--upup andand underunder transienttransient
conditionsconditions;;
inin--pilepile teststests withwith simulationsimulation ofof LOCA LOCA andand RIA RIA typetype accidentsaccidents..

2.2. TestingTesting ofof thethe LEU LEU researchresearch reactorreactor fuelfuel withinwithin thethe
frameworkframework ofof thethe RERTR RERTR programmeprogramme::

teststests ofof pinpin--typetype minimini elementselements withwith differentdifferent modificationsmodifications ofof UU--MoMo fuelfuel
compositionscompositions;;
teststests ofof fullfull--sizesize fuelfuel assembliesassemblies withwith pinpin--typetype andand tubetube--typetype elementselements..

The current fuel tests programs



6 1. Experimental techniques for WWER fuel
testing in the MIR reactor

TypesTypes ofof irradiationirradiation devicesdevices forfor testingtesting ofof thethe WWER WWER 
fuelfuel: : 

dismountabledismountable devicedevicess forfor testingtesting shortshort--sizesize ((≤≤ 250 250 mmmm) ) fuelfuel rodsrods, , upup
toto 4 4 suchsuch rigsrigs cancan bebe installedinstalled oneone overover anotheranother inin oneone looploop channelchannel;;
dismountabledismountable andand instrumentedinstrumented devicedevice forfor testingtesting fuelfuel rodsrods
~~11000 000 mmmm, , containingcontaining upup toto 19 19 fuelfuel rodsrods; ; 
devicedevice forfor combinedcombined irradiationirradiation ofof refabricatedrefabricated ((≤≤ 1000 1000 mmmm) ) andand
fullfull--sizesize fuelfuel rodsrods ((≤≤ 3500 3500 mmmm)  )  ofof spentspent NPP NPP fuelfuel;;
dismountabledismountable devicesdevices forfor powerpower cyclingcycling andand RAMP RAMP experimentsexperiments ofof
instrumentedinstrumented fuelfuel rodsrods byby displacementdisplacement oror rotationrotation ofof thethe absorbingabsorbing
screensscreens inin thethe experimentalexperimental channelchannel;;
instrumentedinstrumented devicedevice forfor testingtesting under LOCA and RIA conditionsunder LOCA and RIA conditions..



7 1. Experimental techniques for WWER fuel
testing in the MIR reactor

Lay-out of the WWER experimental fuel rods in irradiation rigs



8 1. Experimental techniques for WWER fuel
testing in the MIR reactor

Types and characteristics of instrumentation for in-pile measurements 



9 1. Experimental techniques for WWER fuel
testing in the MIR reactor

Instrumented fuel rods: (a)
- with cladding 
elongation transducer;

(b) – with thermoprobe;

(c) - with fission gas
release gauge .
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10 2. The program and main results of WWER 
fuel testing in the MIR reactor

2.1. Irradiation of refabricated and full-size WWER fuel rods

TheThe testtest objectiveobjective isis toto investigateinvestigate thethe behaviorbehavior ofof fuelfuel underunder
higherhigher burnburn--upup andand toto achieveachieve higherhigher burnburn--upup forfor preparationpreparation
ofof RAMP, LRAMP, LОСАОСА andand RIRIАА teststests. . 
GeneralGeneral datadata onon irradiationirradiation ofof thethe WWER WWER refabricatedrefabricated andand fullfull--
sizesize fuelfuel rodsrods::



11 2. The program and main results of WWER 
fuel testing in the MIR reactor

2.1. Irradiation of refabricated and full-size WWER fuel rods
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12 2. The program and main results of WWER 
fuel testing in the MIR reactor

2.2. Testing under power ramping conditions 

ByBy nownow 14 RAMP 14 RAMP teststests withwith thethe WWER WWER fuelfuel rodsrods havehave beenbeen
performedperformed inin thethe MIR MIR reactorreactor. . ExperimentalExperimental fuelfuel rodsrods ofof
differentdifferent modificationsmodifications, , asas wellwell asas fullfull--sizesize andand refabricatedrefabricated
fuelfuel rodsrods werewere testedtested atat burnburn--upup valuesvalues fromfrom ~10 ~10 MWdMWd//kgUkgU upup
toto ~70 ~70 MWdMWd//kgUkgU. . 
InIn 2008 2008 itit isis plannedplanned toto finishfinish RAMP RAMP experimentalexperimental programprogram forfor
WWERWWER--1000 1000 fuelfuel withwith highhigh burnburn--upup ~80 ~80 MWdMWd//kgUkgU..



13 2. The program and main results of WWER 
fuel testing in the MIR reactor

2.2. Testing under power ramping conditions 
RAMP tests liner power amplitudes versus WWER fuel rods burnRAMP tests liner power amplitudes versus WWER fuel rods burn--upup



14 2. The program and main results of WWER 
fuel testing in the MIR reactor

2.2. Testing under power ramping conditions 
DispositionDisposition ofof fuelfuel rodsrods andand sensorssensors inin thethe irradiationirradiation devicedevice



15 2. The program and main results of WWER 
fuel testing in the MIR reactor

2.3. Testing under power cycling conditions

TheThe objectiveobjective ofof testingtesting isis toto obtainobtain experimentalexperimental datadata thatthat
characterizecharacterize a a changechange inin thethe claddingcladding strainstrain, , gasgas pressurepressure inin thethe
freefree volumevolume ofof a a fuelfuel rodrod, , fuelfuel temperaturetemperature inin coursecourse ofof dailydaily
powerpower cyclingcycling..

Power cycling tests will be continued for WWERPower cycling tests will be continued for WWER--1000 fuel rods with burn1000 fuel rods with burn--
up ~ 60 up ~ 60 MWd/kgUMWd/kgU and higher in 2007and higher in 2007––2008.2008.



16 2. The program and main results of WWER 
fuel testing in the MIR reactor

2.3. Testing under power cycling conditions
ChangeChange ofof thethe maximummaximum linearlinear powerpower ofof fuelfuel rodrod A (1), A (1), fuelfuel
temperaturetemperature ofof fuelfuel CandCand (2), (2), fuelfuel rodrod A A fissionfission gasgas releaserelease
(FGR) (3) (FGR) (3) duringduring testingtesting



17 2. The program and main results of WWER 
fuel testing in the MIR reactor

2.4. Testing under fuel rod drying, overheating and reflooding
conditions (LOCA)

A series of tests was performed with the WWERA series of tests was performed with the WWER--440 and 440 and 
WWERWWER--1000 fuel assembly fragments under different phases of 1000 fuel assembly fragments under different phases of 
designdesign--basis LOCA conditions. The objective of the tests is to basis LOCA conditions. The objective of the tests is to 
verify or refine serviceability criteria of fuel rods.verify or refine serviceability criteria of fuel rods.

LOCA LOCA experimentsexperiments willwill bebe continuedcontinued forfor WWERWWER--1000 1000 fuelfuel rodsrods withwith burnburn--upup
~60 ~60 MWdMWd//kgUkgU andand higherhigher inin 20072007––2008. 2008. 



18 2. The program and main results of WWER 
fuel testing in the MIR reactor

2.4. Testing under fuel rod drying, overheating and reflooding
conditions (LOCA)

SimulationSimulation ofof lossloss ofof
coolantcoolant andand partialpartial
corecore dryoutdryout accidentaccident
(LOCA)(LOCA)



19 2. The program and main results of WWER 
fuel testing in the MIR reactor

2.4. Testing under fuel rod drying, overheating and reflooding
conditions (LOCA)

SimulationSimulation ofof lossloss ofof
coolantcoolant andand partialpartial corecore
dryoutdryout accidentaccident (LOCA)(LOCA)



20 2. The program and main results of WWER 
fuel testing in the MIR reactor

2.5. Testing of the WWER-1000 high burn-up fuel rods under
design-basis RIA conditions

A A programprogram andand techniquetechnique forfor testingtesting ofof WWERWWER--1000 1000 fuelfuel werewere
developeddeveloped toto obtainobtain experimentalexperimental datadata onon behaviourbehaviour ofof highhigh--
burnupburnup fuelfuel rodsrods underunder designdesign--basisbasis RIA RIA conditionsconditions..
WWERWWER--1000 1000 reactorreactor parametersparameters ofof thethe designdesign--basisbasis RIA RIA 
conditionsconditions areare asas followsfollows: : powerpower ratioratio inin impulseimpulse ~2, ~2, halfhalf--widthwidth
ofof impulseimpulse –– (2(2……2.5)2.5) s, s, powerpower riserise durationduration ~1s.~1s.
InIn thethe MIR MIR looploop channelchannel itit isis possiblepossible forfor highhigh burnburn--upup fuelfuel toto
provideprovide a a risingrising ofof linerliner powerpower inin impulseimpulse upup toto ~4.0 ~4.0 timestimes andand toto
controlcontrol powerpower riserise durationduration fromfrom ~0.5s ~0.5s andand moremore..
InIn 2006 2006 waswas startedstarted experimentalexperimental programprogram andand werewere providedprovided 2 2 
experimentsexperiments forfor WWERWWER--1000 1000 fuelfuel rodsrods withwith burnburn--upup ~50 ~50 
MWdMWd//kgUkgU, , inin 20072007––2008 2008 thethe programprogram willwill bebe continuedcontinued..
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fuel testing in the MIR reactor

2.5. Testing of the WWER-1000 high burn-up fuel rods under
design-basis RIA conditions



22 2. The program and main results of WWER 
fuel testing in the MIR reactor
2.6. Leaking high burn-up fuel rods testing



23 3. Testing of the LEU research reactor
fuel

InIn thethe MIR MIR reactorreactor willwill bebe continuedcontinued testingtesting ofof thethe LEU LEU researchresearch reactorreactor fuelfuel
withinwithin thethe frameworkframework ofof thethe RERTR RERTR programprogram, , andand inin MarchMarch 2007 2007 willwill bebe
startedstarted testingtesting ofof 4 4 fullfull--scalescale IRTIRT--4 4 typetype fuelfuel assembliesassemblies..

ТТСС11, , ТТСС22; ; ТТРР11, , ТТРР22 –– thermometers;thermometers;
РР11; ; РР22 –– pressure transducer.pressure transducer.
1 1 –– operating FA; 2 operating FA; 2 –– reactor pool;reactor pool;
3 3 –– primary coolant inlet;  4 primary coolant inlet;  4 –– channel plug;channel plug;
5 5 –– inlet collector;  6 inlet collector;  6 –– flowmeterflowmeter;;
7 7 –– adjustable valve;  8 adjustable valve;  8 –– coolant inlet tocoolant inlet to

the pool; 9 the pool; 9 –– RC outlet pipe; 10 RC outlet pipe; 10 –– outletoutlet
collector; 11 collector; 11 –– reactor channel;reactor channel;

12 12 –– reactor casing; 13 reactor casing; 13 –– irradiation rig;irradiation rig;
14 14 –– beryllium block;  15 beryllium block;  15 –– coolant outletcoolant outlet

from the pool;  16 from the pool;  16 –– coolant samplingcoolant sampling
to cladding leakage detector.to cladding leakage detector.
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SeveralSeveral typestypes ofof irradiationirradiation devicesdevices havehave beenbeen designeddesigned forfor
testingtesting WWERWWER--typetype fuelfuel rodsrods underunder steadysteady statestate parametersparameters; ; 
dailydaily powerpower cyclingcycling withwith a a fastfast powerpower changechange ((powerpower
rampingramping); ); designdesign--basisbasis accidentsaccidents havehave beenbeen developeddeveloped. . TheThe
currentcurrent fuelfuel teststests programprogram aimedaimed atat improvingimproving thethe RussianRussian
operatingoperating WWERWWER--440 440 andand WWERWWER--1000 1000 fuelfuel shouldshould bebe
finishedfinished inin thethe MIR MIR reactorreactor inin 2008. 2008. 
AtAt presentpresent prospectiveprospective programprogram ofof fuelfuel testingtesting forfor evolutionaryevolutionary
designdesign ofof WWER WWER withwith improvedimproved economicseconomics andand safetysafety
((projectproject AESAES--2006) 2006) isis beingbeing createdcreated. . TheThe testingtesting programprogram ofof
upgradingupgrading fuelfuel AESAES--2006 2006 reactorsreactors willwill startstart inin 2008.2008.
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InIn thethe MIR MIR reactorreactor willwill bebe continuedcontinued testingtesting ofof thethe LEU LEU 
researchresearch reactorreactor fuelfuel withinwithin thethe frameworkframework ofof thethe RERTR RERTR 
programprogram. . 
UpgradingUpgrading ofof gasgas cooledcooled PGPG--1 1 looploop withwith increasingincreasing coolantcoolant
outletoutlet temperaturetemperature upup toto 11001100°°СС forfor inin--pilepile investigationsinvestigations
HTGR HTGR fuelfuel andand steamsteam cooledcooled PVPPVP--2 2 looploop withwith increasingincreasing thethe
pressurepressure upup toto 22.5 22.5 MPaMPa forfor testingtesting fuelfuel andand constructiveconstructive
materialsmaterials subsub--criticalcritical waterwater--cooledcooled reactorreactor areare scheduledscheduled..
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Thank you for Thank you for 
your attentionyour attention!!

Designer: Vladimir K. Designer: Vladimir K. AfoninAfonin DimitrovgradDimitrovgrad, 2007 , 2007 


